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FOREWORD 
The soil map in this publication, as well as the descriptions of soils in the accom¬ 

panying text, are based almost exclusively on the accumulated results of the Soil 

Survey of the United States Department of Agriculture and on such general infor¬ 

mation regarding soil characteristics as has been obtained by traveling across the 

country in carrying on the work of the Soil Survey during the last 35 years. In the 

mountainous parts of the country, in the deserts of the Great Basin region, and in 

the western part of the Great Plains, large areas have not yet been mapped. These 

areas are shown uncolored on the small map, plate 5, section 9, showing the rela¬ 

tive reliability of the data. In such areas the soil map is based on very general 
information. 

In certain small areas, like parts of the lake region and smaller areas in nearly 

every State, the map is based on information obtained by many journeys across 

them, made by members of the Soil Survey staff, as well as from suggestions obtained 

from the soil maps of surrounding areas. The information regarding these small 

unsurveyed areas is much greater and more accurate than that in the unsurveyed 

parts of the mountains, deserts, and Great Plains of the West. In all cases the map 

has been constructed on the basis of soil information only, and not on inferences 

derived from a consideration of climate, vegetation, or other feature of the natural 

environment. 

Soil surveying was begun in the United States in 1899. From the beginning, 

the work was done in great detail, the point of view being agricultural. At that time, 

soils were looked upon, in the United States, merely as geological formations utilized 

by nature for the growth of plants. Such chemical data regarding them as had 

accumulated up to that time, were interpreted entirely in terms of their significance 

as indicators of soil productivity. All other soil characteristics were considered as 

expressions of geological derivation or of agricultural significance. None of the data, 

which later demonstrated with convincing clearness the intimate connection of soil 

characteristics with the features of the climatic and vegetative environment of the 

locality in which they developed, had been accumulated, or if accumulated, their 

significance had not been discovered. 

Surveys made during the first few years were of local significance. Each area 

covered was a unit in itself. The soil units defined were at first based largely on 

texture of the surface soil to the usual depth of plowing. Within a few years, how¬ 

ever, the desirability of determining the relationships or kinships of the soils, isolated, 

defined, and mapped in all projects throughout the country, became apparent. 

The successive steps in the evolution of the Soil Survey from this simple begin¬ 

ning to its present status as an institution concerned with all the characteristics 

of the soil, the processes of soil development, and the relationships of soil units 

throughout the United States, not only to themselves but to the several factors of 

the environment in wliich they were developed, have been very briefly outlined in 
the accompanying text. 

The accumulated facts, on the basis of which the soil map has been constructed 

and the report prepared, excepting the chemical data presented, are derived from 

these sources, differing mainly in the degree of detail to which the field studies were 

carried out. These are: (a) detailed soil surveys, (b) reconnaissance soil surveys, 

and (c) general studies made by myself, the inspectors in the Soil Survey, and the 

field men of the Soil Survey. The latter studies have been made in areas for which 

the other kinds of data have not been accumulated. 

The large amount of analytical data on the chemical and mechanical composition 

of soils published in tins report was supplied to the Soil Survey by the Division of 
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Soil Chemistry and Physics of the Bureau of Chemistry and Soils on samples col¬ 

lected by the Soil Survey staff. 

The chemical methods used in making these analyses, from which these data are 

derived, are fully explained in a special section on page 97. 

The accompanying report and soil map constitute the results of an interpre¬ 

tation and systematization of all these data. Because of the impossibility of 

including all the detailed data on one small map of the United States, tins work has 

involved the selection of the most significant data for each region and elimination 

of the less significant. In order to do tins, it has been necessary to familiarize 

myself with at least the general features of the soils of the whole country. This, in 

turn, has required a great amount of travel. Part of this travel was performed in 

the course of the routine inspection of Soil Survey work, but much additional travel 

was necessary to acquire knowledge for the purposes of this report alone. This 

made it necessary to travel, in some cases more than once, to parts of the country 

for which the presentation of a specific and convincing reason for the travel to one 

who did not have in mind all the details of the ultimate purpose involved, was some¬ 

what difficult. Notwithstanding this, throughout a period of a quarter of a century, 

the administrative officers of the Bureau of Soils, later the Bureau of Chemistry 

and Soils, have never raised a serious question regarding any trip for which I requested 

authorization. During the period when practically all this travel was performed, 

Prof. Milton Whitney was chief of the Bureau of Soils. His administrative work 

did not allow him to become familiar with the purpose for the travel, but to his 

honor it may be said that his confidence in the men whom he had brought into his 

organization prompted him to support them consistently in employing time and 

expending money for work, the full significance of which was not perfectly evident 

at that time. 

The material had been collected and the map and text were well along toward 

completion when the existing set-up of the Bureau of Chemistry and Soils, of which 

the Soil Survey is a part, was established. The new administrative officers have 

pushed forward, consistently and uninterruptedly, the publication of the results, a 

task not easily accomplished in the face of high cost and reduced appropriations. 

The working out of the scheme of classification of soils, presented in this report 

and map, has required close familiarity with work of this kind throughout the world. 

This has been necessary in order to make the results capable of interpretation in the 

light of the broad principles of soil science now well worked out and made applicable 

to all parts of the world. 

No two continents of the world are identical. Principles worked out on the 

basis of conditions in one continent cannot be applied without modification in any 

other. Although the report and map presented here have been constructed through 

an interpretation of American soil facts in terms of general principles of pedological 

science, adjustments have been made to fit special conditions. Any mistakes that 

have been made in such adjustments must be charged to the author alone and not 

to his many loyal associates to whom he is indebted for the faithful, patient collection 

of the factual data on wliich the whole work is based. 

Although the actual data presented in this report are contained mainly in the 

reports and maps of the Soil Survey, the principles of pedology, according to which 

the material has been interpreted and arranged, are contained in pedological literature. 

Following is a list of highly important publications in which these principles are 
embodied. 

Curtis F. AIarbut. 
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SOILS OF THE UNITED STATES 

LIST OF DETAILED PROJECTS COVERED RY THE SOIL SURVEY 

ALABAMA CALIFORNIA—Continued 

(County Projects) 

1908 Autauga. 

1909 Baldwin. 

1914 Barbour. 

1908 Bibb. 

1905 Blount. 

1913 Bullock. 

1907 Butler. 

1908 Calhoun. 

1909 Chambers. 

1924 Cherokee. 

1911 Chilton. 

1921 Choctaw. 

1912 Clarke. 

1915 Clay. 
1913 Cleburne. 

1909 Coffee. 

1933 Colbert.* 

1912 Conecuh. 

1929 Coosa. 
1912 Covington. 

1921 Crenshaw. 

1908 Cullman. 

1910 Dale. 
1932 Dallas.* 

1911 Elmore. 
1913 Escambia. 

1908 Etowah. 

1917 Fayette. 
1927 Franklin. 

1920 Geneva. 

1923 Greene. 

1909 Hale. 

1908 Henry. 

1920 Houston. 

1911 Jackson. 

1908 Jefferson. 

1908 Lamar. 

1931 Lauderdale.* 

1914 Lawrence. 

1906 Lee. 
1914 Limestone. 

1916 Lowndes. 
1904 Macon. 

1911 Madison. 

1920 Marengo. 

1907 Marion. 

1911 Marshall. 

1930 Mobile.* 

1916 Monroe. 
1926 Montgomery. 

1918 Morgan. 

1930 Perry.* 

1916 Pickens. 

1910 Pike. 
1911 Randolph. 

1913 Russell. 

1917 St. Clair. 

1917 Shelby. 

1904 Sumter. 

1907 Talladega. 

1909 Tallapoosa. 

1911 Tuscaloosa. 

1915 Walker. 
1915 Washington. 

1932 Wilcox.* 

1932 Winston.* 

ARIZONA 

(Area Projects) 

1921 Benson Area (part of Cochise County). 

1927 Buckeye-Beardsley Area (part of Maricopa 

County). 
1928 Gila Bend Area (part of Maricopa County). 

1917 Middle Gila Valley Area (parts of Maricopa 

and Pinal Counties). 

1930 Nogales Area (part of Santa Cruz County). 

1928 Paradise-Verde Area (part of Maricopa 

County). 

1926 Salt River Valley Area (part of Maricopa 
County). 

1921 San Simon Area (part of Cochise County). 
1931 Tucson Area (part of Pima County).* 

1933 Upper Gila Valley Area (part of Graham 
County).* 

1921 Winslow Area (parts of Coconino and 
Navajo Counties). 

1929 Yuma-Wellton Area (part of Yuma Coun¬ 

ty). 

ARKANSAS 

(County and Area Projects) 

1913 Ashley. 

1925 Bradley. 
1914 Columbia. 

1907 Conway. 

1916 Craighead. 

1917 Drew. 

1917 Faulkner. 
1906 Fayetteville Area (parts of Benton and 

Washington Counties). 

1916 Hempstead. 

1917 Howard. 

1915 Jefferson. 

1921 Lonoke. 

1903 Miller. 

1914 Mississippi. 

1925 Nevada. 

1920 Perry. 

1913 Pope. 

1906 Prairie. 

1922 Pulaski. 
1902 Stuttgart Area (part of Arkansas County) 

1915 Yell. 

CALIFORNIA 

(Area Projects) 

1931 Alturas Area (parts of Modoc and Lassen 

Counties). * 

1916 Anaheim Area (parts of Orange and Los 

Angeles Counties). 

1924 Auburn Area (parts of Nevada and Placer 

Counties). 

1904 Bakersfield Area (part of Kern County). 

1933 Barstow Area (part of San Bernardino 

County).* 
1920 Big Valley Area (parts of Lassen and 

Modoc Counties). 

1924 Bishop Area (parts of Inyo and Mono 

Counties). 

1920 Brawley Area (part of Imperial County). 

1907 Butte Valley Area (part of Siskiyou 

County). 

1929 Capistrano Area (parts of San Diego and 

Orange Counties). 

1925 Chico Area (part of Butte County). 

1927 Clear Lake Area (part of Lake County). 
1923 Coachella Valley Area (part of Riverside 

County). 
1907 Colusa Area (parts of Glenn, Colusa, and 

Tehama Counties). 

1933 Concord Area (part of Contra Costa 

County). 
1931 Dixon Area (parts of Solano and Yolo 

Counties).* 

1930 El Cajon Area (part of San Diego County). 

1918 El Centro Area (part of Imperial County). 

1921 Eureka Area (part of Humboldt County). 

1912 Fresno Area (part of Fresno County). 

1923 Gilroy Area (part of Santa Clara County). 

1918 Grass Valley Area (part of Nevada 

County). 

1901 Hanford Area (part of Kings County). 

1915 Healdsburg Area (part of Sonoma County). 

1923 Hollister Area (part of San Benito County). 

1915 Honey Lake Area (part of Lassen County). 

1924 King City Area (part of Monterey County). 

1922 Lancaster Area (parts of Los Angeles and 

Kern Counties). 

1910 Livermore Area (parts of Alameda and 

Contra Costa Counties). 

1932 Lodi Area (part of San Joaquin County).* 

1916 Los Angeles Area (part of Los Angeles 

County). 

1910 Madera Area (part of Madera County). 

1909 Marysville Area (parts of Sutter, Yuba, 

Colusa, and Sacramento Counties). 

1914 Merced Area (part of Merced County). 
1908 Modesto-Turlock Area (parts of Stanislaus, 

Merced, and San Joaquin Counties). 

1933 Napa Area (part of Napa County).* 

1929 Oceanside Area (part of San Diego 

County). 

1926 Oroville Area (parts of Butte, Colusa, and 

Glenn Counties). 

1908 Pajaro Valley Area (part of Santa Cruz 

County). 

1922 Palo Verde Area (parts of Riverside and 

Imperial Counties). 

1915 Pasadena Area (parts of Los Angeles and 

San Bernardino Counties). 

1928 Paso Robles Area (part of San Luis Obispo 

County). 

1927 Placerville Area (part of Eldorado County). 

1908 Portersville Area (part of Tulare County). 

1910 Red Bluff Area (part of Tehama County). 

1907 Redding Area (part of Shasta County). 

1915 Riverside Area (parts of San Bernardino 

and Riverside Counties). 
1904 Sacramento Area (parts of Sacramento and 

Sutter Counties). 

* Indicates areas surveyed, for which the report has not yet been published. 

1925 Salinas Area (part of Monterey County). 

1915 San Fernando Valley Area (part of Los 

Angeles County). 
1903 San Jose Area (parts of Santa Clara, San 

Mateo, and Alameda Counties). 

1928 San Luis Obispo Area (part of San Luis 

Obispo County). 
1916 Santa Maria Area (parts of San Luis 

Obispo and Santa Barbara Counties). 

1927 Santa Ynez Area (part of Santa Barbara 

County). 
1919 Shasta Valley Area (part of Siskiyou 

County). 
1905 Stockton Area (part of San Joaquin 

County). 

1930 Suisun Area (parts of Sacramento and 

Solano Counties). 

1914 Ukiah Area (part of Mendocino County). 

1917 Ventura Area (parts of Ventura and Los 

Angeles Counties). 

1921 Victorville Area (part of San Bernardino 

County). 

1918 Willits Area (part of Mendocino County). 

1909 Woodland Area (parts of Yolo and Colusa 

Counties). 

1908 Klamath Reclamation Project, Oregon 

(parts of Modoc and Siskiyou Counties). 

1929 Yuma-Wellton Area, Arizona and Cali¬ 

fornia (part of Imperial County). 

COLORADO 

(Area Projects) 

1926 Arkansas Valley Area (parts of Bent, 

Crowley, Fremont, Otero, Prowers, and 

Pueblo Counties). 

1932 Brighton Area (parts of Adams, Boulder, 

and Jefferson Counties).* 

1927 Fort Collins Area (parts of Larimer and 

Weld Counties). 
1905 Grand Junction Area (part of Mesa 

County). 

1929 Greeley Area (part of Weld County). 
1930 Longmont Area (parts of Boulder and 

Weld Counties).* 

1903 San Luis Valley Area (parts of Alamosa, 

Rio Grande, and Saguache Counties). 

1910 Uncompahgre Valley Area (parts of Delta, 

Montrose, and Ouray Counties). 

CONNECTICUT 

(County and Area Projects) 

1903 Connecticut Valley Area (parts of Hartford I 1912 New London, 

and Tolland Counties). I 1911 Windham. 

DELAWARE 

(County Projects) 

1918 Kent. I 1920 Sussex. 

1915 New Castle. 

FLORIDA 

(County and Area Projects) 

1913 Bradford. 

1921 Duval. 

1906 Escambia. 

1918 Flagler. 
1915 Fort Lauderdale Area (parts of Broward 

and Palm Beach Counties). 

1915 Franklin. 

1903 Gadsden. 
1904 Gainesville Area (parts of Alachua, Levy, 

and Marion Counties). 

1914 Hernando. 

1916 Hillsborough. 
1913 Indian River Area (parts of Broward, 

Indian River, Martin, Palm Beach, and 

St. Lucie Counties). 

1907 Jefferson. 

1923 Lake. 

1905 Leon. 

1909 Marianna Area (part of Jackson County). 
1912 Ocala Area (parts of Citrus, Levy, Marion, 

and Sumter Counties). 

1919 Orange. 

1913 Pinellas. 

1927 Polk. 

1914 Putnam. 

1917 St. Johns. 

GEORGIA 

(County and Area Projects) 

1926 Bartow. 

1912 Ben Hill. 

1922 Bibb. 

1916 Brooks. 

1910 Bulloch. 

1917 Burke. 
1919 Butts and Henry. 

1925 Calhoun. 

1921 Carroll. 

1911 Chatham. 
1924 Chattahoochee. 

1912 Chattooga. 

1927 Clarke. 

1914 Clay. 

1901 Cobb. 

1914 Colquitt. 

1911 Columbia. 

1928 Cook. 
1919 Coweta and Fayette. 

1916 Crisp. 

1933 Decatur.* 

1914 De Kalb. 

1904 Dodge. 

1923 Dooly. 
1912 Dougherty. 

1918 Early. 

1928 Elbert. 

1923 Fannin. 

1917 Floyd. 
1903 Fort Valley Area (parts of Peach, Houston, 

and Macon Counties). 

1909 Franklin. 

1911 Glynn. 

1913 Gordon. 

1908 Grady. 
1919 Greene, Morgan, Oconee, and Putnam 

Counties. 

1913 Habersham. 

1909 Hancock. 

1929 Hart. 
1914 Jackson. 

1916 Jasper. 

1913 Jeff Davis. 

1930 Jefferson. 

1923 Jenkins. 

1913 Jones. 

1925 Lamar. 

1915 Laurens. 

1927 Lee. 

1917 Lowndes. 

1931 McDuffie.* 
1929 McIntosh. 

1918 Madison. 

1916 Meriwether. 

1913 Miller. 

1920 Mitchell. 

1920 Monroe. 

1922 Muscogee. 

1918 Pierce. 

1909 Pike. 

1914 Polk. 

1918 Pulaski. 

1926 Quitman. 

1920 Rabun. 

1924 Randolph. 

1916 Richmond. 

1920 Rockdale. 

1920 Screven. 

1905 Spaulding. 

1913 Stewart. 

1910 Sumter. 

1913 Talbot. 

1914 Tattnall. 

1914 Terrell. 

1908 Thomas. 

1909 Tift. 

1912 Troup. 

1915 Turner. 

1910 Walker. 

1915 Washington. 
1906 Waycross Area (part of Ware County). 

1926 Wayne. 

1915 Wilkes. 

1929 Worth. 
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IDAHO 

(County and Area Projects) 

1926 Bear Lake Valley Area (part of Bear Lake 

County). 

1930 Benewah.* 
1903 Blackfoot Area (Bonneville, Bingham, and 

Jefferson Counties). 
1901 Boise Area (parts of Ada and Canyon 

Counties). 
1929 Gooding Area (parts of Elmore and Good¬ 

ing Counties). 
1927 Jerome Area (part of Jerome County). 

1919 Kootenai. 

1915 Latah. 
1923 Minidoka Area (parts of Minidoka, Blaine, 

Cassia, Jerome, and Lincoln Counties). 

1917 Nez Perce and Lewis. 
1918 Portneuf Area (part of Bannock County). 

1925 Soda Springs-Bancroft Area (parts of Ban¬ 

nock and Caribou Counties). 

1921 Twin Falls Area (part of Twin Falls 

County). 

1902 Clay. 
1902 Clinton. 

1903 Johnson. 

1903 Knox. 
1903 McLean. 

1903 Sangamon. 

ILLINOIS 

(County and Area Projects) 

1902 St. Clair. 

1902 Tazewell. 

1912 Will. 

1903 Winnebago. 
1904 O’Fallon Area, Missouri (parts of Calhoun 

and Jersey Counties). 

INDIANA 

(County and Area Projects) 

1921 Adams. 1903 Madison. 

1908 Allen. 1907 Marion. 

1916 Benton. 1904 Marshall. 

1928 Blackford. 1927 Miami. 

1912 Boone. 1922 Monroe. 

1904 Boonville Area (parts of Spencer and 1912 Montgomery. 

Warrick Counties). 1905 Newton. 

1933 Cass.* 
1929 Ohio and Switzerland.* 

1922 Clay. 1929 Pike.* 

1914 Clinton. 1916 Porter. 

1919 Decatur. 1902 Posey. 

1913 Delaware. 1925 Putnam. 

1930 Dubois.* 1931 Randolph.* 

1914 Elkhart. 1929 Rush.* 

1922 Gibson. 1904 Scott. 

1915 Grant. 1915 Starke. 

1906 Greene. 1933 Steuben.* 

1912 Hamilton. 1905 Tippecanoe. 

1925 Hancock. 1912 Tipton. 

1913 Hendricks. 1930 Vermillion. 

1930 Jennings.* 1914 Warren. 

1931 Knox.* 1930 Washington.* 

1922 Kosciusko. 1925 Wayne. 

1917 Lake. 1915 Wells. 

1922 Lawrence. 1915 White. 

IOWA 

(County Projects) 

1919 Adair. 1922 Jefferson. 

1923 Appanoose. 1919 Johnson. 

1933 Audubon.* 1924 Jones. 

1921 Benton. 1925 Kossuth. 

1917 Black Hawk. 1914 Lee. 

1920 Boone. 1917 Linn. 

1913 Bremer. 1918 Louisa. 

1926 Buchanan. 1927 Lyon. 

1917 Buena Vista. 1918 Madison. 

1928 Butler. 1919 Mahaska. 

1930 Calhoun. 1932 Marion.* 

1926 Carroll. 1918 Marshall. 

1919 Cedar. 1920 Mills. 

1903 Cerro Gordo. 1916 Mitchell. 

1924 Cherokee. 1931 Monroe.* 

1927 Chickasaw. 1917 Montgomery. 

1923 Clarke. 1914 Muscatine. 

1916 Clay. 1921 O’Brien. 

1925 Clayton. 1921 Page. 

1915 Clinton. 1918 Palo Alto. 

1928 Crawford. 1923 Plymouth. 

1920 Dallas. 1928 Pocahontas. 

1933 Davis.* 1918 Polk. 

1922 Delaware. 1914 Pottawattamie. 

1921 Des Moines. 1929 Poweshiek. 

1920 Dickinson. 1916 Ringgold. 

1920 Dubuque. 1928 Sac. 

1920 Emmet. 1915 Scott. 

1919 Fayette. 1915 Sioux. 

1922 Floyd. 1903 Story. 

1932 Franklin.* 1904 Tama. 

1924 Fremont. 1927 Union. 

1921 Greene. 1915 Van Buren. 

1921 Grundy. 1917 Wapello. 

1929 Guthrie. 1925 Warren. 

1917 Hamilton. 1930 Washington. 

1930 Hancock. 1918 Wayne. 

1920 Hardin. 1914 Webster. 

1923 Harrison. 1918 Winnebago. 

1917 Henry. 1922 Winneshiek. 

1925 Howard. 1920 Woodbury. 

1933 Ida.* 1922 Worth. 

1921 Jasper. 1919 Wright. 

KANSAS 

KENTUCKY 

(County Projects) 

1912 Christian. 

1931 Fayette.* 

1921 Garrard. 

1915 Jessamine. 

1919 Logan. 
1905 McCracken 

1905 Madison. 

1903 Mason. 

1930 Mercer. 
1920 Muhlenberg. 

1910 Rockcastle. 

1903 Scott. 

1916 Shelby. 

1902 Union. 

1904 Warren. 

LOUISIANA 

(Parish and Area Projects) 

1903 Acadia. 
1928 Beauregard. 

1908 Bienville. 

1906 Caddo. 

1910 Concordia. 

1904 De Soto. 

1905 East Baton Rouge. 
1908 East Carroll and West Carroll. 

1912 East Feliciana. 

1911 Iberia. 

1915 Lafayette. 
1901 Lake Charles Area (parts of Calcasieu and 

Jefferson Davis Parishes). 

1918 La Salle. 

1909 Lincoln. 

1931 Livingston.* 

1921 Natchitoches. 
1903 New Orleans Area (parts of Jefferson, Or¬ 

leans, Plaquemines, St. Charles, St. 

John the Baptist, and Lafourche Par¬ 

ishes) . 

1903 Ouachita. 

1916 Rapides. 

1919 Sabine. 

1917 St. Martin. 

1905 Tangipahoa. 

1922 Washington. 

1914 Webster. 

1907 Winn. 

MAINE 

(County and Area Projects) 

1917 Aroostook Area (part of Aroostook 

County). 

1915 Cumberland. 
1909 Orono Area (part of Penobscot County). 

1921 Allegany. 

1928 Anne Arundel. 

1917 Baltimore. 

1928 Calvert. 

1929 Caroline. 

1919 Carroll. 

1927 Cecil. 

1918 Charles. 

1922 Dorchester. 

1919 Frederick. 

1922 Garrett. 

1927 Harford. 

MARYLAND 

(County Projects) 

1916 Howard. 

1930 Kent. 
1914 Montgomery. 

1925 Prince Georges. 

1931 Queen Annes. 

1923 St. Marys. 
1920 Somerset. 

1929 Talbot. 
1917 Washington. 

1921 Wicomico. 

1924 Worcester. 

MASSACHUSETTS 

(County Projects) 

1920 Barnstable, Bristol, and Norfolk. 

1923 Berkshire. 
1925 Dukes and Nantucket 

1925 Essex. 
1929 Franklin. 

1928 Hampden and Hampshire. 

1924 Middlesex. 

1911 Plymouth. 

1922 Worcester. 

MICHIGAN 

(County and Area Projects) 

1929 Alger. 

1901 Allegan. 
1904 Alma Area (northern part of Gratiot 

County). 

1924 Alpena. 

1923 Antrim. 

1924 Barry. 

1931 Bay. 
1922 Berrien. 

1928 Branch. 

1916 Calhoun. 

1906 Cass. 
1927 Chippewa. 

1927 Crawford. 

1930 Eaton. 

1912 Genesee. 

1924 Hillsdale. 

1933 Ingham.* 

1930 Iron.* 

1923 Isabella. 

1926 Jackson. 

1922 Kalamazoo. 

1927 Kalkaska. 

1926 Kent. 
1923 Livingston. 

1929 Luce.* 

1923 Macomb. 

1922 Manistee. 

1927 Mecosta. 

1925 Menominee. 

1930 Montmorency.* 

1924 Muskegon. 

1933 Oceana.* 

1923 Ogemaw. 

1931 Oscoda.* 

1922 Ottawa. 
1904 Owosso Area (northern part of Shiawassee 

County). 
1905 Oxford Area (northern part of Oakland 

County). 
1903 Pontiac Area (southern part of Oakland 

County). 
1924 Roscommon. 

1933 Saginaw.* 

1929 St. Clair. 

1921 St. Joseph. 

1932 Schoolcraft.* 

1926 Tuscola. 

1922 Van Buren. 

1930 Washtenaw. 

1908 Wexford. 

(County and Area Projects) MINNESOTA 

(County and Area Projects) 
1904 Allen. 

1931 Bourbon.* 

1905 Brown. 

1912 Cherokee. 

1926 Clay. 

1915 Cowley. 

1928 Crawford. 

1927 Doniphan. 

1904 Garden City Area (parts of Finney and 

and Gray Counties). 

1912 Greenwood. 

1912 Jewell. 

1928 Johnson. 

1932 Kingman.* 

1926 Labette. 
1919 Leavenworth. 

1930 Marion.* 

1913 Montgomery. 

1930 Neosho.* 

1911 Reno. 

1906 Riley. 
1903 Russell Area (part of Russell County). 

1911 Shawnee. 
1902 Wichita Area (parts of Sedgwick and But¬ 

ler Counties). 

1927 Wilson. 

1931 Woodson.* 

1916 Anoka. 

1906 Blue Earth. 
1905 Carlton Area (parts of Carlton and St. 

Louis Counties). 

1906 Crookston Area (part of Polk County). 

1913 Goodhue. 

1929 Hennepin. 

1929 Houston. 

1930 Hubbard.* 

1923 Jackson. 

1933 Kanabec.* 

1924 Lac Qui Parle. 
1903 Marshall Area (part of Lyon County). 

1927 Mille Lacs. 

1923 Olmsted. 
1914 Pennington. 

1914 Ramsey. 

1909 Rice. 

1919 Stevens. 

1926 Wadena. 
1904 Superior Area, Wisconsin (part of St, 

Louis County). 

* Indicates areas surveyed, for which the report has not yet been published. 

I 
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1910 Adams. 

1921 Alcorn. 

1917 Amite. 

1915 Chickasaw. 

1920 Choctaw. 

1926 Claiborne. 

1914 Clarke. 

1909 Clay. 

1915 Coahoma. 

1917 Covington. 

1911 Forrest. 

1922 George. 

1932 Greene.* 

1915 Grenada. 

1930 Hancock. 

1924 Harrison. 

1916 Hinds. 

1908 Holmes. 

1927 Jackson. 

1907 Jasper. 

1915 Jefferson Davis. 

1913 Jones. 

1912 Lafayette. 

1919 Lamar. 

1910 Lauderdale. 

1921 Andrew. 

1909 Atchison. 

1916 Barry. 

1912 Barton. 

1908 Bates. 

1915 Buchanan. 

1921 Caldwell. 

1916 Callaway. 

1910 Cape Girardeau. 
1912 Carroll. 

1912 Cass. 

1909 Cedar. 

1918 Chariton. 

1920 Cole. 

1909 Cooper. 

1905 Crawford. 

1914 De Kalb. 

1914 Dunklin. 

1911 Franklin. 

1913 Greene. 

1914 Grundy. 

1914 Harrison. 

1902 Howell. 

1910 Jackson. 

1914 Johnson. 

1917 Knox. 

1911 Laclede. 

1920 Lafayette. 

1923 Lawrence. 

MISSISSIPPI 

(County and Area Projects) 

1916 Lee. 

1912 Lincoln. 

1911 Lowndes. 

1917 Madison. 

1908 Monroe. 

1906 Montgomery. 

1916 Newton. 

1910 Noxubee. 

1907 Oktibbeha. 

1918 Pearl River. 

1922 Perry. 

1918 Pike. 

1906 Pontotoc. 

1907 Prentiss. 

1926 Rankin. 

1919 Simpson. 

1902 Smedes Area (parts of Yazoo, Madison, 

Issaquena, and Sharkey Counties). 
1920 Smith. 

1912 Warren. 

1911 Wayne. 

1913 Wilkinson. 

1912 Winston. 

1901 Yazoo Area (parts cf Yazoo, Sharkey and 

Issaquena Counties). 

MISSOURI 
(County and Area Projects) 

1917 Lincoln. 

1911 Macon. 

1910 Marion. 

1912 Miller. 

1921 Mississippi. 

1915 Newton. 

1913 Nodaway. 

1904 O’Fallon Area (parts of St. Charles and 
Warren Counties). 

1910 Pemiscot. 

1913 Perry. 

1914 Pettis. 

1912 Pike. 

1911 Platte. 

1926 Polk. 

1906 Putnam. 

1913 Ralls. 
1922 Ray. 

1918 Reynolds. 

1915 Ripley. 

1918 St. Francois. 
1919 St. Louis. 

1904 Saline. 

1905 Scotland. 

1903 Shelby. 

1912 Stoddard. 

1917 Texas. 
1904 Webster. 

NEVADA 
(Area Projects) 

1909 Fallon Area (parts of Churchill and Lyon I 1923 Las Vegas Area (part of Clark County). 
Counties). | 1923 Moapa Valley Area (part of Clark County). 

1906 Merrimack. 

NEW HAMPSHIRE 
(County and Area Projects) 

| 1909 Nashua Area (part of Hillsboro County). 

NEW JERSEY 
(Area Projects) 

1917 Belvidere Area (parts of Hunterdon, War¬ 

ren, and adjoining Counties). 

1925 Bergen Area (Bergen, Hudson, Essex, and 

parts of adjoining Counties). 

1919 Bernardsville Area (parts of Morris, Somer¬ 

set, and adjoining Counties). 

1926 Camden Area (Camden County and parts 

of Burlington, Gloucester, and adjoining 
Counties). 

1919 Chatwsorth Area (parts of Ocean, Burling¬ 

ton, and adjoining Counties). 

1927 Freehold Area (parts of Monmouth and 
Middlesex Counties). 

1917 Millville Area (Cape May, and parts of At¬ 

lantic, Cumberland, and Salem Counties). 
1923 Salem Area (parts of Salem, Gloucester, 

and Cumberland Counties). 

1911 Sussex Area (Sussex and parts of adjoining 
Counties). 

1921 Trenton Area (parts of Mercer and adjoin¬ 
ing Counties). 

NEW MEXICO 
(Area Projects) 

1928 Deming Area (part of Luna County). 

1930 Fort Sumner Area (part of De Baca 
County). 

1932 Lovington Area (part of Lea County).* 

1912 Mesilla Valley Area (part of Dona Ana 
County). 

1912 Middle Rio Grande Valley Area (parts of 

Bernalillo, Sandoval, Socorro, and Va¬ 
lencia Counties). 

1899 Pecos Valley Area, Carlsbad sheet (part 
of Eddy County). 

1930 Rincon Area (parts of Sierra and Dona Ana 
Counties). 

1933 Roswell Area (part of Chaves County).* 

1929 Socorro and Rio Puerco Areas (parts of 
Socorro County). 

1932 Broome.* 

1922 Cayuga. 

1914 Chautauqua. 
1932 Chemung.* 

1918 Chenango. 

1914 Clinton. 

1923 Columbia. 

1916 Cortland. 

1930 Delaware. 

1907 Dutchess. 

1929 Erie. 

1922 Genesee. 

1923 Herkimer. 

1911 Jefferson. 

1908 Livingston. 

1906 Madison. 

1933 Monroe.* 

1908 Montgomery. 

1928 Nassau and Suffolk Counties. 
1906 Niagara. 

NEW YORK 
(County and Area Projects) 

1913 Oneida. 

1910 Ontario. 

1912 Orange. 

1932 Orleans.* 

1917 Oswego. 

1932 Rensselaer.* 

1925 St. Lawrence. 
1917 Saratoga. 

1915 Schoharie. 
1931 Steuben. 

1903 Syracuse Area (part of Onondaga County.) 
1920 Tompkins. 

1909 Washington. 

1919 Wayne. 

1919 White Plains Area (Putnam, Rockland, 

and Westchester Counties). 
1933 Wyoming.* 

1916 Yates. 

1904 Vergennes Area, Vermont (parts of Essex 
I and Warren Counties). 

NORTH CAROLINA 
(County and Area Projects) 

MONTANA 
(Area Projects) 

1902 Billings Area (parts of Yellowstone and 
Stillwater Counties). 

1914 Bitterroot Valley Area (parts of Missoula 
and Ravalli Counties). 

1931 Gallatin Valley Area (part of Gallatin 
County).* 

1929 Lower Flathead Valley Area (parts of Lake, 

Missoula, and Sanders Counties). 

1932 Lower Yellowstone Area (parts of Rich¬ 

land, Dawson, Wibaux, and Prairie 
Counties).* 

1928 Milk River Area (parts of Hill, Blaine, 

Phillips, and Valley Counties) 

1923 Adams. 

1921 Antelope. 

1919 Banner. 

1921 Boone. 

1916 Box Butte. 

1933 Boyd.* 

1933 Brown.* 
1924 Buffalo. 

1922 Burt. 

1924 Butler. 

1913 Cass. 

1928 Cedar. 

1917 Chase. 

1918 Cheyenne. 

1927 Clay. 

1930 Colfax. 

1922 Cuming. 

1926 Custer. 

1919 Dakota. 

1915 Dawes. 

1922 Dawson. 

1921 Deuel. 

1929 Dixon. 

1916 Dodge. 

1913 Douglas. 

1931 Dundy. 

1916 Fillmore. 

1926 Franklin. 

1930 Furnas. 

1914 Gage. 

1924 Garden. 

1933 Greeley.* 
1916 Hall. 

1927 Hamilton. 

1930 Harlan. 

1930 Hitchcock. 

1932 Holt,* 

1920 Howard. 

1921 Jefferson. 

1920 Johnson. 

nerraska 
(County Projects) 

1923 Kearney. 

1926 Keith. ' 

1933 Keyapaha.* 
1916 Kimball. 

1930 Knox. 

1906 Lancaster. 

1926 Lincoln. 

1920 Madison. 

1922 Merrick. 

1917 Morrill. 

1922 Nance. 

1914 Nemaha. 

1925 Nuckolls 

1912 Otoe. 

1920 Pawnee. 

1921 Perkins. 

1917 Phelps. 

1928 Pierce. 

1923 Platte. 

1915 Polk. 

1919 Red willow. 

1915 Richardson. 
1932 Rock.* 

1928 Saline. 

1905 Sarpy. 

1913 Saunders. 

1913 Scotts Bluff. 

1914 Seward. 

1918 Sheridan. 

1931 Sherman. 

1919 Sioux. 

1929 Stanton. 

1927 Thayer. 
1914 Thurston. 

1932 Valley.* 

1915 Washington. 

1917 Wayne. 

1923 Webster. 

1933 Wheeler.* 
1928 York. 

* Indicates areas surveyed, for which the report has not ye (been published. 

1901 Alamance. 
1915 Alleghany. 
1915 Anson. 
1912 Ashe. 
1917 Beaufort. 
1918 Bertie. 
1914 Bladen. 
1932 Brunswick.* 
1920 Buncombe. 
1926 Burke. 
1910 Cabarrus. 
1917 Caldwell. 
1923 Camden and Currituck. 
1908 Caswell. 
1933 Chatham.* 
1921 Cherokee. 
1906 Chowan. 
1916 Cleveland. 
1915 Columbus. 
1929 Craven. 
1922 Cumberland. 
1915 Davidson. 
1927 Davie. 
1905 Duplin. 
1920 Durham. 
1907 Edgecombe. 
1913 Forsyth. 
1931 Franklin.* 
1909 Gaston. 
1929 Gates. 
1910 Granville. 
1924 Greene. 
1920 Guilford. 
1916 Halifax. 
1916 Harnett. 
1922 Haywood. 
1907 Henderson. 
1916 Hertford. 
1918 Hoke. 
1911 Johnston. 
1933 Jones.* 

1909 Lake Mattamuskeet Area (part of Hyde 
County). 

1933 Lee.* 
1927 Lenoir. 
1914 Lincoln. 
1929 Macon. 
1928 Martin. 

1910 Mecklenburg. 
1930 Montgomery. 
1919 Moore. 

1902 Mount Mitchell Area (parts of Yancey, 
Mitchell, McDowell, and Madison 
Counties). 

1926 Nash. 
1906 New Hanover. 
1925 Northampton. 
1921 Onslow. 
1918 Orange. 
1912 Pender. 

1905 Perquimans and Pasquotank. 
1928 Person. 
1909 Pitt. 
1923 Polk. 
1913 Randolph. 
1911 Richmond. 
1908 Robeson. 
1926 Rockingham. 
1914 Rowan. 
1924 Rutherford. 
1923 Sampson. 
1909 Scotland. 
1916 Stanly. 
1932 Surry.* 

1906 Transylvania. 
1920 Tyrrell. 
1914 Union. 
1918 Vance. 
1914 Wake. 
1932 Washington.* 
1928 Watauga. 
1915 Wayne. 
1918 Wilkes. 
1925 Wilson. 
1924 Yadkin. 

NORTH DAKOTA 
(County and Area Projects) 

1912 Barnes. 

1915 Bottineau. 

1904 Cando Area (part of Towner County). 

1905 Carrington Area (parts of Foster and 

Griggs Counties). 
1924 Cass. 

1914 Dickey. 

1902 Grand Forks Area (part of Grand Forks 
County). 

1914 La Moure. 

1932 Lower Yellowstone Valley Area, Montana 
(part of McKenzie County).* 

1921 McHenry. 
1933 McKenzie.* 

1907 Morton Area (parts of Grant, Adams, and 
Hettinger Counties). 

1906 Ransom. 
1908 Richland. 
1917 Sargent. 
1918 Traill. 

1906 Williston Area (part of Williams County). 
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OHIO TEXAS—Continued 

(County and Area Projects) 

1932 Adams.* 
1903 Ashtabula Area (part of Ashtabula County). 
1932 Athens.* 
1909 Auglaize. 
1927 Belmont. 
1930 Brown.* 
1927 Butler. 
1923 Clermont. 
1905 Cleveland Area (parts of Cuyahoga, 

Lorain, Medina, and Summit Counties). 
1902 Columbus Area (parts of Fairfield, Frank¬ 

lin, Madison, and Pickaway Counties). 
1904 Coshocton. 
1922 Fulton. 
1915 Geauga. 
1915 Hamilton. 
1925 Lake. 
1930 Licking.* 
1933 Logan.* 
1931 Madison.* 

1917 Mahoning. 
1916 Marion. 
1906 Meigs. 
1916 Miami. 
1900 Montgomery. 
1925 Muskingum. 
1928 Ottawa. 
1914 Paulding. 
1914 Portage. 
1930 Putnam.* 
1917 Sandusky. 
1933 Scioto.* 
1913 Stark. 
1914 Trumbull. 
1933 Vinton.* 
1926 Washington. 
1905 Westerville Area (parts of Delaware 

Franklin, Madison, and Union Counties) 
1904 Wooster Area (parts of Medina, Summit 

and Wayne Counties). 

OKLAHOMA 

1933 Alfalfa.* 
1914 Bryan. 
1917 Canadian. 
1933 Carter.* 
1931 Craig.* 
1931 Grant.* 
1932 Greer.* 
1915 Kay. 
1931 Kiowa.* 
1931 Le Flore.* 
1933 McIntosh.* 

County and Area Projects) 

1932 Mayes.* 
1913 Muskogee. 
1906 Oklahoma. 
1916 Payne. 
1931 Pittsburg.* 
1914 Roger Mills. 
1930 Texas.* 
1930 Tillman.* 
1906 Tishomingo Area (parts of Johnston and 

Marshall Counties). 
1932 Woodward.* 

OREGON 

(County and Area Projects) 

1903 Baker City Area (parts of Baker and 
Union Counties). 

1920 Benton. 
1921 Clackamas. 
1929 Columbia. 
1925 Eugene Area (part of Lane County). 
1926 Grande Ronde Valley Area (part of Union 

County). 
1912 Hood River-White Salmon Area (part of 

Hood River County). 
1919 Josephine. 

1908 Klamath Reclamation Project (part of 
Klamath County). 

1924 Linn. 
1927 Marion. 
1909 Marshfield Area (parts of Coos and Curry 

Counties). 
1911 Medford Area (part of Jackson County). 
1919 Multnomah. 
1922 Polk. 
1919 Washington. 
1917 Yamhill. 

1904 Adams. 
1932 Armstrong.* 
1911 Bedford. 
1909 Berks. 
1915 Blair. 
1911 Bradford. 
1915 Cambria. 
1908 Center. 
1905 Chester. 
1916 Clearfield. 
1910 Erie. 
1932 Franklin.* 
1921 Greene. 
1931 Indiana.* 

PENNSYLVANIA 

(County and Area Projects) 

1914 Lancaster. 
1901 Lebanon Area (parts of Dauphin and 

Lebanon Counties). 
1912 Lehigh. 
1903 Lock Haven Area (part of Clinton County). 
1923 Lycoming. 
1917 Mercer. 
1905 Montgomery. 
1929 Tioga. 
1910 Washington. 
1932 Wayne.* 
1929 Wyoming. 
1912 York. 

1908 Franklin. 
1918 Freestone. 
1929 Frio. 
1930 Galveston.* 
1909 Grayson. 
1932 Hardeman.* 
1922 Harris. 
1912 Harrison. 
1923 Henderson. 
1906 Henderson Area (part of Rusk County). 
1925 Hidalgo. 
1905 Houston. 
1903 Jacksonville Area (part of Cherokee 

County). 
1913 Jefferson. 
1906 Laredo Area (part of Webb County). 
1905 Lavaca. 
1905 Lee. 
1917 Lubbock. 
1903 Lufkin Area (part of Angelina County). 
1928 Midland. 
1925 Milam. 
1909 Morris. 
1925 Nacogdoches. 
1926 Navarro. 
1903 Paris Area (part of Lamar County). 
1930 Polk.* 
1929 Potter. 

1930 Randall.* 
1919 Red River. 
1922 Reeves. 
1907 Robertson. 
1923 Rockwall. 
1904 San Antonio Area (part of Bexar County). 
1906 San Marcos Area (parts of Caldwell, Guad¬ 

alupe, and Hays Counties). 
1916 San Saba. 
1931 Scurry.* 
1915 Smith. 
1920 Tarrant. 
1915 Taylor. 
1909 Titus. 
1928 Van Zandt. 
1902 Vernon Area (part of Wilbarger County). 
1927 Victoria. 
1905 Waco Area (parts of Bosque and McLen¬ 

nan Counties). 
1913 Washington. 
1932 Wheeler.* 
1924 Wichita. 
1926 Willacy. 
1901 Willis Area (part of Montgomery County). 
1907 Wilson. 
1903 Woodville Area (part of Tyler County). 
1912 Mesilla Valley Area, New Mexico (part of 

El Paso County). 

UTAH 

(Area Projects) 

1920 Ashley Valley Area (part of Uintah 
County). 

1904 Bear River Area (part of Cache County). 
1913 Cache Valley Area (part of Cache County). 
1919 Delta Area (part of Millard County). 
1903 Provo Area (part of Utah County.) 
1899 Salt Lake Valley Area (part of Salt Lake 

and Davis Counties). 

1900 Sevier Valley Area (parts of Sanpete and 
Sevier Counties). 

1921 Uinta River Valley Area (part of Uintah 
County). 

1900 Weber Area (parts of Box Elder, Davis, and 
Weber Counties). 

VERMONT 

(County and Area Projects) 

1904 Vergennes Area (parts of Addison and Rut- I 1916 Windsor, 
land Counties) . 

VIRGINIA 

(County and Area Projects) 

1917 Accomac and Northampton. 
1902 Albemarle Area (parts of Albemarle, Buck¬ 

ingham, Greene, Augusta, Nelson, Page, 
and Rockingham Counties). 

1904 Appomattox. 
1932 Augusta.* 
1901 Bedford Area (parts of Bedford, Botetourt, 

Franklin, and Roanoke Counties). 
1909 Campbell. 
1906 Chesterfield. 
1915 Fairfax and Alexandria. 
1914 Frederick. 
1930 Grayson. 
1905 Hanover. 
1913 Henrico. 
1903 Leesburg Area (part of Loudoun County). 

1905 Louisa. 
1907 Montgomery. 
1932 Nansemond.* 
1903 Norfolk Area (parts of Nansemond, Nor¬ 

folk, and Princess Anne Counties). 
1927 Orange. 
1918 Pittsylvania. 
1901 Prince Edward Area (parts of Amelia, 

Charlotte, Lunenburg, Nottoway, Cum¬ 
berland, and Prince Edward Counties). 

1931 Rockbridge. 
1933 Southampton.* 
1905 \rorktown area (Elizabeth City, Gloucester, 

James City, Warwick, and York Coun¬ 
ties) . 

WASHINGTON 

RHODE ISLAND 
1904 Entire State. 

SOUTH CAROLINA 

(County and Area Projects) 

1932 Abbeville.* 
1909 Anderson. 
1913 Bamberg. 
1912 Barnwell. 
1916 Berkeley. 
1904 Charleston Area (part of Charleston 

County). 
1905 Cherokee. 
1912 Chester. 
1914 Chesterfield. 
1910 Clarendon. 
1902 Darlington. 
1931 Dillon.* 
1915 Dorchester. 
1911 Fairfield. 
1914 Florence. 
1911 Georgetown. 
1921 Greenville. 

1929 Greenwood. 
1915 Hampton. 
1918 Horry. 
1919 Kershaw. 
1904 Lancaster. 
1907 Lee. 
1922 Lexington. 
1917 Marlboro. 
1918 Newberry. 
1907 Oconee. 
1913 Orangeburg. 
1916 Richland. 
1909 Saluda. 
1921 Spartanburg. 
1907 Sumter. 
1913 Union. 
1928 Williamsburg. 
1905 York. 

1920 Beadle. 
1907 Belle Fourche Area (parts of Butte and 

Meade Counties). 
1903 Brookings Area (part of Brookings County). 
1925 Brown. 
1923 Douglas. 

SOUTH DAKOTA 

(County and Area Projects) 

1922 Grant. 
1925 Hyde. 
1921 McCook. 
1926 Moody. 
1921 Union. 
1923 Walworth. 

1908 
1903 
1923 
1907 
1906 

Coffee. 
Davidson. 
Dickson. 
Giles. 
Grainger. 

1904 Greeneville Area (parts of Greene,Hawkins, 
Cocke, and Sullivan Counties). 

1926 Hardin. 
1905 Henderson. 
1922 Henry. 
1913 Jackson. 
1904 Lawrence. 

TENNESSEE 

(County and Area Projects) 

1906 Madison. 
1923 Maury. 
1919 Meigs. 
1901 Montgomery. 
1908 Overton. 
1903 Pikeville Area (parts of Bledsoe, Cumber¬ 

land, Rhea, and Van Buren Counties). 
1912 Putnam. 
1912 Robertson. 
1916 Shelby. 
1909 Sumner. 

TEXAS 

(County and Area Projects) 

1904 Anderson. 
1912 Archer. 
1904 Austin Area (parts of Caldwell, Hays, 

Travis, and Williamson Counties). 
1907 Bastrop. 
1932 Bee.* 
1916 Bell. 
1918 Bowie. 
1902 Brazoria Area (part of Brazoria County). 
1914 Brazos. 
1923 Cameron. 
1908 Camp. 
1933 Cass.* 

1922 Coleman. 
1930 Collin. 
1907 Cooper Area (Delta and part of Lamar 

Counties). 
1908 Corpus Christi Area (part of Nueces 

County). 
1920 Dallas. 
1918 Denton. 
1922 Dickens. 
1916 Eastland. 
1910 Ellis. 
1920 Erath. 
1932 Falls.* 

* Indicates areas surveyed, for which the report has not yet been published. 

(County and Area Projects) 

1907 Bellingham Area (part of Whatcom 
County). 

1916 Benton. 
1905 Everett Area (part of Snohomish County). 
1914 Franklin. 
1905 Island. 
1911 Quincy Area (parts of Grant, Adams, and 

Kittitas Counties). 
1917 Spokane. 

1913 Stevens. 
1902 Walla Walla Area (part of Walla Walla 

County). 
1918 Wenatchee Area (part of Chelan County). 
1901 Yakima Area (part of Yakima County). 
1912 Hood River-White Salmon Area, Oregon 

(part of Klickitat and Skamania Coun¬ 
ties) . 

WEST VIRGINIA 

(County and Area Projects) 

1917 Barbour and Upshur. 
1913 Boone. 
1918 Braxton and Clay. 
1910 Clarksburg Area (Plarrison and Doddridge 

Counties). 
1919 Fayette. 
1922 Grant and Mineral. 
1927 Hampshire. 
1930 Hardy and Pendleton. 
1911 Huntington Area (Cabell, Lincoln, and 

Wayne Counties). 
1916 Jefferson, Berkeley, and Morgan. 
1912 Kanawha. 
1915 Lewis and Gilmer. 
1913 Logan and Mingo. 
1914 McDowell and Wyoming. 
1923 Mercer. 
1907 Middlebourne Area (Marshall, Tyler, and 

Wetzel Counties). 

1925 Monroe. 
1911 Morgantown Area (Marion, Monongalia, 

and Taylor Counties). 
1920 Nicholas. 
1908 Parkersburg Area (Pleasants, Ritchie, and 

Wood Counties). 
1933 Pocahontas.* 
1910 Point Pleasant Area (Jackson, Mason, and 

Putnam Counties). 
1912 Preston. 
1914 Raleigh. 
1931 Randolph.* 
1909 Spencer Area (Calhoun, Roane, and Wirt 

Counties). 
1924 Summers. 
1921 Tucker. 
1918 Webster. 
1906 Wheeling Area (Brooke, Hancock, and 

Ohio Counties). 

WISCONSIN 

(County and Area Projects) 

1920 Adams. 
1910 Bayfield Area (parts of Bayfield and Ash¬ 

land Counties). 
1929 Brown. 
1913 Buffalo. 
1925 Calumet. 
1911 Columbia. 
1930 Crawford. 
1913 Dane. 
1916 Door. 
1911 Fond du Lac. 
1922 Green. 
1922 Green Lake. 
1910 Iowa. 
1918 Jackson. 
1912 Jefferson. 
1911 Juneau. 
1919 Kenosha and Racine. 
1911 Kewaunee. 
1911 La Crosse. 
1926 Manitowoc. 

1916 M ilwaukee. 
1923 Monroe. 
1918 Outagamie. 
1923 Pierce. 
1915 Portage. 
1917 Rock. 
1925 Sauk. 
1924 Sheboygan. 
1904 Superior Area (part of Douglas County). 
1927 Trempealeau. 
1928 Vernon. 
1920 Walworth. 
1921 Washington and Ozaukee. 
1910 Waukesha. 
1917 Waupaca. 
1909 Waushara. 
1927 Winnebago. 
1915 Wood. 
1905 Carlton Area, Minnesota (part of Douglas 

County). 

WYOMING 

(Area Projects) 

1928 Basin Area (parts of Big Horn, Washakie, 
and Park Counties). 

1917 Fort Laramie Area (part of Goshen 
County). 

1903 Laramie Area (part of Albany County). 

1932 Sheridan County.* 
1927 Shoshone Area (part of Park and Big Horn 

Counties). 
1926 Wheatland Area (part of Platte County). 

* 

* 
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NUMBERED LIST OF RECONNAISSANCE SURVEYS 

CALIFORNIA 

1 Sacramento Valley, 1913 
2 San Francisco Bay Region, 1914 
3 Lower San Joaquin Valley, 1915 
4 San Diego Region, 1915 
5 Middle San Joaquin Valley, 1916 
6 Central Southern, 1917 
7 Upper San Joaquin Valley, 1917 

KANSAS 

8 Western, 1910 

MICHIGAN 

9 Ontonagon County, 1921 

MINNESOTA 

•10 Lake of the Woods, 1926 
11 Red River Val ley Area, 1933 

MISSOURI AND ARKANSAS 

12 Ozark Region, 1911 

MONTANA 

13 Northern Plains, 1929 

NEBRASKA 

14 Western, 1911 

NORTH DAKOTA 

15 Western, 1908 

OHIO 

16 Entire State, 1912 

PENNSYLVANIA 

19 Northwestern, 1908 
20 Southwestern, 1909 
21 South-Central, 1910 
22 Northeastern, 1911 
23 Southeastern, 1912 

SOUTH DAKOTA 

24 Western, 1909 

TEXAS 

25 South, 1909 
26 Panhandle Region, 1910 
27 Central Gulf Coast, 1910 
28 Southwest, 1911 
29 South-Central, 1913 
30 Northwest, 1919 
31 West-Central, 1922 
32 Trans-Pecos, 1928 

VERMONT 

33 Entire State, 1930 

WASHINGTON 

34 Eastern Puget Sound Basin, 1909 
35 Western Puget Sound Basin, 1910 
36 Southwestern, 1911 
37 Columbia Basin, 1929 

WISCONSIN 

38 Northeastern, 1913 
39 North Part of North-Central, 1914 
40 South Part of North-Central, 1915 

WYOMING 

41 Johnson County, 1931 

UNITED STATES DEPARTMENT OF AGRICULTURE 
BUREAU OF CHEMISTRY AND SOILS, H. G. Knight, Chief 

AREAS COVERED BY THE SOIL SURVEY 
(COMPLETED TO JANUARY 1934) 

LEGEND 

DETAILED SURVEYS 

(See page 4 for alphabetical list of projects) 

RECONNAISSANCE SURVEYS 

(See opposite corner for numbered list of projects) 

*gv°° 
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SOILS OF THE UNITED STATES 
INTRODUCTION 

Soils are the products of the environmental conditions under which they have 

developed or are developing. These conditions in turn are the products of geologic, 

topographic, physiographic, climatic, and biologic factors. 

The range of differences in environmental conditions within the United States is 

wide. This is due not only to the great area included, but also to the large number 

of possible combinations of environmental factors. Of the factors named, the climatic 

and biologic are active or dynamic and constitute the forces operating in any given 

spot in developing the soil. The others are passive and accelerate, retard, or modify 

in some other way the action of the dynamic factors. Any given association of 

environmental factors producing an environment would occupy, theoretically, a point 

only on the earth’s surface, since in general each factor has a different strength of 

expression or a slight difference in character in different localities. In the practical 

consideration of environments as soil-building agents, however, a range in strength 

of expression or of character of each factor is accepted as a unit rather than a single 

absolute value. An association of these value-ranging units, producing an environ¬ 

ment, will occupy an area rather than a point. 
Although the number of possible environmental unit areas is large, many indi¬ 

vidual units extend over large areas. This is fortunate, since the expression of these 

conditions in terms of organic life and of that group of bodies, the soils, which are 

neither wholly organic nor wholly inorganic, may therefore be studied over large 

areas. The occurrence of similar physical conditions over large areas facilitates the 

study of the relationship of these conditions to the character of the soils, plants, and 

animals existing and developing under their influences. The physical conditions in 

the United States offer unusual advantages for the study of the relation of organic 

life and of soils to the physical environment. 
Notwithstanding this inviting condition, soils as such were not studied in the 

United States until about the beginning of the twentieth century. The study of 

soils, as such, refers to the study of the genesis, the morphology, the characteristics 

in general of soils in the situations where they are developing or have developed, 

along with a study of their relation to the environment in which the development is 

taking place. Reference is not made to the collection of material from the soil 

without a study of its characteristics in place and the subjection of this material to 

various tests under controlled conditions in the laboratory. 

SOILS AND PARENT MATERIAL 
All soils go through a series of changes. At first, when they begin their “life,” 

they consist of freshly accumulated rock material in small particles which are called, 

according to their various sizes, gravel, sand, silt, and clay. 

Changes begin at once, and in course of time, if the surface material is not 

moved away and new underlying material exposed on which soil-making changes 

must be begun anew, the upper part of this layer of rock waste becomes so greatly 

changed that its characteristics are entirely different from the still unchanged 

mateiial lying beneath it. This changed layer ranges in thickness from a mere 

film to several feet, depending on time, strength of forces, and resistance. When 

its characteristics have become well defined it is called a mature or well-developed 

soil. 
The upper or changed layer is the true soil. The unchanged or but slightly 

changed deeper material, usually unconsolidated, is disintegrated rock material 

which may have originated in the locality where it now lies through the disintegration 

of consolidated rocks or may have originated through disintegration in some other 

spot, being later brought to its present position by water, ice, or wind and deposited 

as unconsolidated rock debris. It is generally true that the soil itself, or the true 

soil, has been made of material like that which underlies it. This underlying material 

is often called the parent material or source material of the soil. The layer of this 

material is usually designated in soil literature as the C horizon. 

The true soil is usually designated as the solum (7)1 and is usually separated into 

two parts, an upper part called horizon A, and a lower called horizon B.2 The true 

soil may be defined as follows: 
The soil consists of the outer layer of the earth’s crust, usually unconsolidated, 

ranging in thickness from a mere film to a maximum of somewhat more than 10 feet, 

which differs from the material beneath it, also usually unconsolidated, in color, 

structure, texture, physical constitution, chemical composition, biological character¬ 

istics, probably in chemical processes, in reaction, and in morphology. 

SOIL CLASSIFICATION 
GENERAL CONSIDERATIONS 

The study of any series of bodies of any kind begins, especially when the study 

is assuming the inductive form, with the accumulation of knowledge regarding their 

characteristics. It concerns the critical examination, through the senses or by 

simple experimental means, of their characteristics. Such work can not go very far 

before it becomes necessary to make some attempt to classify the results. Classi¬ 

fication as such is not a means of increasing knowledge and can not be defined in 

itself as research. It is carried out as a convenience for the purpose of enabling 

one to obtain a comprehensive grasp of the nature of a great body of material and of the 

interrelationships of the various things studied. The first step consists of the creation, 

by definition in terms of characteristics, of units. These units may be simple or they 

may be compound, in the latter case capable of further subdivision into subunits. 

In the former case they may be based on the recognition of all the characteristics 

by which such bodies, up to the time of definition, are known to be characterized, 

constituting, for the time being at least, the simplest possible unit, not subject to 

further differentiation. These may be combined into larger units. In either case 

the broad study of the objects under consideration begins with the acquisition of 

knowledge of their general characteristics and the creation of units by definition 

based on it. 
In order that soils may be classified, therefore, sufficient knowledge of soil charac¬ 

teristics must have been accumulated to make possible the definition of units. His¬ 

torically, however, this has not been the course through which the definition of soil 

units has passed. Until within the preceding half century soil units were defined on a 

basis other than that of their characteristics. This was done because of the lack of 

knowledge of soil characteristics and the existence of a certain amount of knowledge 

regarding their relation to geological formations. On the basis of this relationship 

soil units, of a kind, were defined and classifications built up. Such classifications 

were not based on soil characteristics but on those of geological bodies from which the 

soils were developed. In this paper the classification is based entirely on the features 

of the soils themselves, including that of the parent materials. There are sound 

reasons for the use of the latter basis rather than the former. The latter is based on 

definite knowledge of the bodies concerned, whereas the former is indirect and has no 

necessary relationship to the features of the soils classified. The accumulated knowl¬ 

edge of soil characteristics now available shows clearly that there is no close relation¬ 

ship between the most important characteristics of soils and those of the geological 

formations from which they have developed. Such relationships as exist are of sub¬ 

ordinate importance. Soils as soils can not be classified until sufficient knowledge of 

their characteristics has been accumulated to make it possible to define and classify 

them on the basis of their characteristics. 

To define and classify soils under these circumstances on the basis of their 

relation to geology, climate, natural vegetation, or crops can be justified only as a 

temporary expedient. This stage in soil investigation has been passed. It has 

become possible, and therefore obligatory, in a scientific sense at least, to define and 

classify soils on the basis of the soils themselves. 

SIZE GROUPS OF SOIL MATERIALS 

The most evident characteristic of soils, probably the one most universally 

noticed by everyone, is the coarseness or fineness of the material of which they are 

composed. This material ranges rather widely in the size (diameter) of the particles 

of which it consists and in the proportions of the various-sized particles present. 

The particles of mineral material found in soils range in size from large stones to 

those too small to be seen with a microscope. Those particles larger than 2 milli¬ 

meters in diameter are roughly classified as gravel, cobbles, or stones, but no definite 

limits have been given to each. 

It is evident that it is wholly impracticable in defining soils on the basis of the 

sizes of the particles of which they are composed, to recognize every difference, how¬ 

ever small, as a basis for defining a different soil unit. This difficulty is avoided by 

grouping all soil particles into a number of size groups each with a given range and 

using each of these groups as a size unit in defining texture. Each of the size groups 

is called a class of soil material. 

The material made up of particles smaller than 2 millimeters is divided, in the 

United States, into four general classes, according to the range in diameter of the 

particles. In Europe, the particle-size limits of each group are slightly different from 

those in the United States, but the difference is not highly important and need not be 

discussed here (2). Those particles ranging in size from 1 to 2 millimeters in diame¬ 

ter are called fine gravel; those ranging from 1 millimeter to 0.05 millimeter are called 

sand; those ranging between 0.05 and 0.005 millimeters are called silt; and all par¬ 

ticles smaller in diameter than 0.005 millimeter are called clay. 

The Sand group is subdivided into coarse, medium, fine, and very fine sand; the 

first including particles ranging in diameter between 1 and 0.5 millimeter; the second, 

those ranging between 0.5 and 0.25 millimeter; the third, those ranging between 0.25 

and 0.1 millimeter, and the fourth, those between 0.1 and 0.05 millimeter. 

That characteristic of soils dependent on the relative proportions of the various¬ 

sized particles present is known as texture. A soil is fine or coarse in texture according 

to the relative proportions of fine and coarse particles present in its material. Since 

the percentage of organic matter in soils, except in rare cases, is small, rarely amount¬ 

ing to more than 10 per cent, and in agricultural soils usually less than half this amount, 

it is evident that the textures of soils depend mainly on the mineral material of which 

they are composed. 
When the organic matter present is in a thoroughly decomposed condition, the 

only condition in which it constitutes an important part of the soil, it is extremely 

fine in grain and belongs, therefore, in the same size group as the clays of the mineral 

part of the soil. It becomes, therefore, unnecessary to attempt any separate classi¬ 

fication of this material. 

DEFINITION AND NOMENCLATURE OF TEXTURE GROUPS 

No important soil is made up wholly of any one group of particles. Experience 

gained in the study of soils over the greater part of the earth’s surface shows that soils 

consist of mixtures of particles belonging to two or more of these groups. 

The recognition of this fact made it necessary, when the work of soil mapping 

was taken up in earnest, to group the entire range of possible combinations of the 

several soil material classes into a limited number of units and define each in terms of 

the proportions present of the several classes of material. It became necessary to 

give each unit a name, thus avoiding the necessity of describing each unit on referring 

to it. Six principal texture groups were established, to which the names sands, 

sandy loams, loams, silt loams, clay loams, and clays were given, each of these being- 

further divided into minor subgroups, according to the sizes of the predominant sand 

grains and the extreme variations of silt and clay present. The principal groups are 

described as follows: 

SANDS include all soils containing less than 20 per cent silt and clay, the rest of 

the material being sand. 

1 Italic numbers in parentheses refer to literature cited, p. 98. . 
2 The A and B horizons, the former consisting of a surface layer from which material has been removed by soil-making forces and the latter of a layer into which material has been brought by the same forces, are more typically characteristic of the Pedalfers 

jq of the subhumid and arid soils. The soil section or the series of successive layers, or horizons, from the surface downward is called the soil profile, 

11 
or humid-region soils than of the Pedocals < 
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Coarse sands contain 35 per cent or more of fine gravel and coarse sand and less 
than 50 per cent of other grades of sand. 

Medium sands contain 35 per cent or more of fine gravel, coarse and medium sand, 
and less than 50 per cent of fine or very fine sand. 

Fine sands include 50 per cent or more of fine and very fine sand. 

Very fine sands contain 50 per cent or more of very fine sand. 

SANDY LOAMS contain from 20 to 50 per cent of silt and clay. They are 

designated as coarse, medium, fine, and very fine sandy loams in accordance with the 

predominant sand class group present. There are also gravelly loams and stonyloams. 

LOAMS AND CLAYS contain 50 per cent or more of silt and clay combined. 

Loams contain 20 per cent or less of clay, from 30 to 50 per cent of silt, and from 
30 to 50 per cent of sand. 

Silt loams contain 20 per cent or less of clay, 50 per cent or more of silt, and 30 
per cent or less of other classes. 

Clay loams contain from 20 to 30 per cent of clay, from 20 to 50 per cent of silt, 
and from 20 to 50 per cent of sand. 

Clays contain 30 per cent or more of clay and 70 per cent or less of other classes. 

In the practical operation of mapping soils in the field, the field man determines 

first the texture of the surface soil of the soil he is concerned with at the time. 

Experience has shown that soils vary in texture within wide limits in the various 

parts of their profile between the surface and a depth of several feet. All true soils 

consist, of a series of layers, which may differ widely in thickness and character, 

found in succession from the surface downward. Each layer may have a texture 

entirely different from that of any other. It is impossible, therefore, to designate 

the texture of a soil, including all its layers, by a single term. This fact has made it 

necessary to limit the application of the term describing the texture of a soil to one 

of the layers. It is manifest that the term must apply to something more than a 

mere sui face film. It must apply, if it have any real significance as a desfcription of 

the characteristics of the soil, to a layer at least a few inches in thickness. A soil 

may be thin or thick, but considering the soils of the world as a whole, their thickness 

may be described as 2 feet or more. In only relatively small areas is it less than 2 

feet, and over wide areas of the world it is more, but over small areas only is the 

true soil more than 8 or 10 feet thick. Since the texture is not uniform throughout 

this entire thickness of soil, even where it is somewhat less than 2 feet thick, the 

name designating the texture, such as loam, is restricted, where not otherwise stated, 

to the texture of the surface layer only, usually to a depth of about 8 inches. 

Since it is a well-known fact that even within this thickness the texture is not 

uniform in the natural virgin soil, it follows that the terms designative of the texture 

of a soil apply, unless a definite figure for thickness is given, to the plowed layer in 

field soil. As generally used, therefore, it refers to the texture of the material in 

those layers or parts of layers extending to a depth of about 8 inches when uniformly 

mixed. As used in the reports of the United States Soil Survey, the texture of a 

sod is significant in an agricultural sense, therefore, rather than in a technical sense. 

Fiom the scientific point of view alone the texture of the surface horizon is of 

no more significance than that of any other horizon in the soil profile. From the 

point of view of agricultural practice, it is more important because of the fact that 

cultivation of the soil rarely extends to greater depth than 8 or 10 inches, and this 

layer constitutes the feeding ground of a considerable part of the roots of most of 

the crop plants. It is also the layer to which fertilizers are applied. Because of the 

agricultural importance of this horizon it is given separate recognition in most western 

soil literature. Until a few decades ago it was the only soil horizon which was 

described in most soil literature and the only one to which a descriptive name was 
applied. 

After the inauguration of the work of soil mapping in the United States, more 

than a quarter of a century ago, and the thorough study of soil characteristics made 

necessary by this work, it soon became evident that the characteristics of other 

hoiizons, as well as those of the surface horizon, demanded recognition. In detailed 

descriptions of the profiles or sections of soils, especially virgin soils, the thicknesses 

of the several.horizons or subhorizons, and their respective textures, are described, 

hut in the designation of a soil as a loam, silt loam, etc., such designation concerns 

the surface layer to plow depth except where otherwise stated. 

In the description of the soil as a natural body, without reference to its use in 

agriculture, the textures of all the layers are described, but even in such a description 

the designation of the soil as a loam means that the texture of the surface layer is 

loam. The textures of the layers of a soil other than the surface layer are connoted 

m that part of the soil name referring to the series rather than the texture and will 

be discussed in considering the series characteristics of soils. 

GROUPING OF TEXTURE UNITS INTO SERIES UNITS 

The definition of soil units by texture only is a definition based on a single 

characteristic, and, as has been pointed out, applies to one only of the several horizons 

and subhorizons making up the soil. A sound classification must be based not alone 

on the texture but on texture and all other important characteristics of all the horizons 

of the soil profile. The successive horizons may differ one from another in color, 

texture, structure, chemical composition, and in many other respects, some of which 
were mentioned in the definition of a soil on page 11. 

Since a difference in a single respect, and in one horizon only, of a given soil 

from the corresponding horizon of some other soil constitutes an important difference 

between the soils and establishes their separate identity, it follows that, because of 

the considerable number of horizons and the great number of respects in which each 

may vary, there must exist on the earth’s surface a great number of soil individuals, 

e\ en if the texture of the surface horizon be identical in all. The most common of all 

soil knowledge shows that the texture of the surface soil varies through a considerable 

range of differences, so that the individuals differentiated on this basis, added to those 

differentiated through the many possible combinations of the several characteristics 

of each of the several horizons, make the possible number of soil individuals very large. 

To each soil in which the texture of the surface material to a depth of 8 inches, 

oi of thinner horizons or subhorizons as described in each case, is uniform, a name is 

applied descriptive of the texture in accordance with the unit definitions of texture 

as described. This constitutes the final unit designation of every soil, corresponding 
to the species designation of plants. 

3 A soil type as the term is used in the United States is a soil unit based on consideration of all soil characteristics and is designated by 

To all soils whose characteristics, other than texture, of the surface, layer, are 

uniform in all respects, but in which there may be a considerable range, in .textuies 

of the surface layer, some, for example, whose surface horizon texture is silt loam, 

others sandy loam, loam, etc., a series designation is given. 

Since the grouping of soils into series is based on all characteristics other than 

the texture of the surface horizon and since the total number of soils is laige, it is 

evidently impossible to designate each by a descriptive name. 

In the United States it has been found most convenient, therefore, to.designate 

each series by a geographic term which usually refers to the locality in which one or 

more of the soils of the series were first identified. Since the series name is a group 

name, including soils which differ in texture of the surface layer it is evident that the 

designation of a soil which is uniform throughout in all characteristics, including that 

of the texture of the surface horizon, must be a double designation, one part covering 

series characteristics, the other covering the texture of the surface horizon. For 

example, the expression Norfolk sandy loam, when applied to a soil, connotes, in the 

first or geographic part of the expression, all the characteristics of that soil except the 

single characteristic of the texture of the surface horizon, and is applied to a group of 

soils, the members of which differ one from another in the texture of the surface 

horizon but are alike in all other features. 

The words sandy loam are descriptive of the texture of the surface horizon. 

The two terms, therefore, designate a soil unit. All areas of Norfolk sandy loam, 

wherever they may occur, are uniform in all respects, and such a soil unit is called, 

in the nomenclature of the Bureau of Chemistry and Soils, a soil type.3 Since the 

number of textures and, therefore, the maximum possible number of texture units 

within a given series, cannot be great, each unit can be given a descriptive name for 

that part of the whole name which applies to texture of the surface soil. In a given 

series, therefore, we may have, for example in the Carrington series, a Carrington 

loam, silt loam, clay loam, clay", sandy loam, fine sandy loam, coarse sandy loam, 
and so on. 

Very few, if any, soil series contain individuals representing all the possible 

textures of the surface horizon. Most soil series in the United States, however, 

include more than one texture individual. In most cases two or three texture indi¬ 

viduals will include by far the greater part of the areas of any given series, the others 

constituting small areas of unimportant significance and usually without normal 

series characteristics. 

The definition of soil units is a constructive creative process resulting in the 

establishment of entities that had no previously recognized existence. A texture 

unit is not a unit in the establishment of which all characteristics of the soil were 

taken into consideration. The establishment of a soil unit must be the result of a 

full consideration of all the characteristics of all the horizons throughout the soil 

including the C horizon, or parent material. On the other hand, a consideration 

of series characteristics alone, neglecting the texture of the surface horizon, could 

not result in the creation of a soil unit. All characteristics must be considered, and 

when on this basis a soil unit has been created, its designation must be a double 

designation consisting of the series name and the texture description. 

All the soils of an area, state, continent, or even of the world, may be defined, 

described, or in other words isolated, individualized, or created and named in this way. 

The soils oi the LTnited States, so far as they have been mapped, have been mapped on 

this basis and no other. At one time certain so-called soil provinces were defined 

covering the United States, and these were used as a basis of soil definition, but it was 

later shown that such a basis of creation constituted an incongruous, illogical, and 

erroneous basis for such work, and their use was discontinued. 

Notwithstanding the fact that all soils may be identified, defined, and named 

m the way described, it is well known by every student of soils that soils have rela¬ 

tions to each other not expressed by such a process. The creation of units is one 

process, the discovery and exhibition of the interrelationship of these units is entirely 

another. The latter work can not be done until the first has been performed. This 

is evident since the relationships based on them can not be determined. 

The expression of this relationship is brought about by grouping the individual 

soil units or soil types, on the basis of some characteristic or series of characteristics 

common to all the individuals in each group. Such a group or series of groups con¬ 

structed on the basis of a given kind or order of characteristics will constitute what 

may be called a category. The individual soil units will constitute the first or lowest 

category. The second will include the groups of the lowest order, members of 

each group containing a large number of features and necessarily consisting, there¬ 

fore, of a small number of individual soil units. The number of units (groups) in 

Category II will be large but of course smaller than the number of individuals in 
Category I. 

A third category may be constructed by grouping the groups in Category II 

according to some characteristic or series of characteristics. The number of croups 

in Category III will necessarily be smaller than in II but each group will contain a 

greater number of individual soil units since this number must include all existing 

units and therefore the same as in Categories I and II. Each group, because of its 

inclusion of a larger number of units than those in the groups of any lower category 

will be constructed necessarily on the basis of a smaller number of characteristics 
than those involved in any group in any lower category. 

This grouping may be continued into a number of successively higher cateo-ories 

each category containing a smaller number of groups than in any lower category the 

final category containing a minimum of two groups the individuals in eaclTof these 

groups having a smaller number of characteristics in common than are common to 
the groups in any lower category. 

It is evident that in each of the groups of the scheme of categories as they have 

been sketched above each unit, except those in the very lowest category is itself a 

group consisting of more than one of the units in the lowest category of the scheme 

In order to release the word group for use in designating the groups of units rather 

tnan for the major groups of the scheme, the latter have been designated as 

categories. The scheme therefore includes a series of categories rather than a series 
of groups. 

, . (Vlly comprehensive scheme for a complete grouping or classification of soils 
which would bring out the relationships of the various soils in all their different 
degrees of kinship must include such a series of categories. 

the series name and texture description, for example, Norfolk sandy loam. 
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The construction of a scheme of classification by categories is based on the recog¬ 

nition of a limited number, or a number smaller than the maximum, except in the 

lowest category, of all the soil features and the neglect of others, the number taken 

into consideration in any category depending on the comprehensiveness or inclusive¬ 

ness of the groups in the category. 

Such a scheme of classification or grouping is somewhat similar to the schemes of 

grouping of plants and animals. The soil type, with its double designation, corre¬ 

sponds to the plant unit with its generic and specific designation. The higher 

categories in the soil scheme undertake to show the broader relationships of soil units 

just as those in the schemes for plant and animal classification do the same thing for 

plants and animals. 

THE CATEGORIES IN A SCHEME FOR SOIL 
CLASSIFICATION4 

CATEGORY I, SOIL UNITS 

Category I consists of soil type units. The general character of soil types has 

been described on preceding pages and needs no further description here. The cate¬ 

gory will include all soil units and is not made up of groups. It includes the maximum 

number of units in the scheme. The descriptions of the very great number of soil 

types in the United States can not be undertaken in a publication of this kind. 

Those already defined are described in the many detailed reports of the Soil Survey. 

CATEGORY II, SOIL SERIES GROUPS 

This category includes the series units. These have also been described on 

preceding pages and need no further description. They consist of groups of texture 

units, and the category therefore would include a smaller number of units than 

would Category I. The series units are defined on the basis of all the characteristics 

of the soil, except the texture of the surface horizon, including the character of the 

parent material. 
It is manifest from what has been said on the preceding pages that each higher 

category must contain groups of soils, the members of each of which have a smaller 

number of features common to all than are common to any group in a lower category. 

Since the parent material is found in soils at considerable depth only and is there¬ 

fore of less importance as a soil characteristic than those features lying nearer the 

surface, and since the grouping of soils into categories higher than that made up of 

series groups can be effected only through the use of a smaller number of features 

than are used in the latter grouping, it is evident that those characteristics deter¬ 

mined by parent material only should be the first to be eliminated. None of the 

categories higher than II will contain groups based on the character of the parent 

material. The description of all soil series established up to the present time is too 

great a task to be undertaken in a publication of this land. Those in the United 

States are described in the Soil Survey reports and in part in the text of this Atlas. 

CATEGORY III, LOCAL ENVIRONMENT GROUPS (FAMILY 
GROUPS) 

Category III includes groups, the units in each of which have some features in 

common, developed by local rather than general environmental conditions. The 

units in each group consist of the series groups of Category II, these being grouped 

into the units of Category III because the characteristic features common to the mem¬ 

bers in each are the product of local conditions, such as differences in drainage and 

relief; specially striking characteristics of parent material, such as the presence of 

high content of calcium carbonate or of sodium or other salts; parent materials 

made up of organic matter; or any other local condition. This category would include 

groups of infantile, young, and mature soils, under good drainage; the long and com¬ 

plex list of poor and imperfectly drained soils; peat soils; Rendzinas; salty and alkali 

soils; mountain meadow soils; mountain carbonate soils; and others. 

CATEGORY IV, BROAD ENVIRONMENT GROUPS (GREAT 
SOIL GROUPS) 

Category IV includes groups based on characteristics common to the soils of a 

large area of country in which those conditions known to produce local variations in 

soils, such as rapid changes in slope, in drainage conditions, in geological character, 

and texture of the soil materials have been reduced to a minimum, or in which these 

conditions are at least not the dominant ones. We are now concerned with those 

characteristics which have wide distribution and are presumably produced by forces 

having a comparable distribution. This category, therefore, is based on the features 

of well-drained soils developed on relatively smooth land surfaces, from materials 

free from large amounts of those few compounds known to have strong influence on 

the characteristics of soils in the early stages of their development. It may be based 

also on the features of soils derived from materials originally containing those com¬ 

pounds, but in which development has progressed far enough for the disappearance 

of features produced by these compounds. Our knowledge of soils is already suffi¬ 

ciently extensive to warrant the statement that within a given region, with few if 

any exceptions, the soils of a considerable part of the total area have developed free 

from these inhibiting influences or have reached a stage of development in which 

features produced by them in an earlier stage of soil development have been eliminated. 

Such soils are now generally recognized as normally developed soils. 

A comparison of the distribution of features with that of the various factors 

of the geographic environment reveals that they coincide with the distribution of 

one or another of the important factors of a given climatic type or of natural vegeta¬ 

tive type. For this reason they are often called climatic soil groups. A comparison of 

soil features with various factors of the climatic environment has shown, however, 

that they differ from place to place in harmony with differences of more than one of 

these factors. For example, it is well known that some soil features differ with differ¬ 

ences of temperature, others with differences of moisture. 

The groups of Category IV are made up of a number of related soil series. 

The similarity among them is a similarity of true soil or solum features but not a 

similarity of parent materials. The latter may consist of the most widely different 

geologic materials possible. The similarities, being wholly independent of the parent 

< See tabular arrangement of the catagorles, p. 14. 

materials and consisting of features that can not have been present before soil de¬ 

velopment began, must therefore be the product of changes imposed on the material 

during the progress of soil development. They are, therefore, the product of their 

environment. 
The groups in this category include some of the best-known, most universally 

recognized, and best-defined soil groups of the world, some of which were first defined 

by Russian pedologists. Their relation to the Russian scheme and Russian mapping 

is somewhat similar to that between soil series groups and mapping in the United 

States. Those described by the Russians do not include all known at the present 

time, and still others will probably be discovered in the future. They constitute 

the only groups of soils belonging in the higher categories to which names, more or 

less generally used by pedologists throughout the world, have been given. 

The groups are Tundra soils, Podzols, Gray-Brown Podzolic soils, Red soils, 

Yellow soils, Prairie soils, Laterites, and ferruginous Laterites, Chernozems, Dark- 

Brown soils, Brown soils, Gray soils. 
The description of the soil series included in those parts of each of the groups 

found in the United States will constitute the greater part of the text of this Atlas. 

It is unnecessary to describe them here in full, and since their differences involve 

several features, a short characterization is difficult. In general it may be said 

that the Tundra soils seem to consist largely of unweathered or very slightly weathered 

clays, silts, and sands, generally bluish in color and very slightly differentiated into 

surface soils and subsoils. Podzols are gray soils with dark-brown or rich-brown 

subsoils. The Gray-Brown Podzolic soils are light-brown or faintly yellowish soils 

with brown or faintly reddish brown heavier subsoils. The Yellow soils are pale 

yellow soils, gray if very sandy, with deep-yellow subsoils heavier than the surface 

soils. The Red soils are yellowish or reddish-yellow soils with deep-red subsoils. 

The Prairie soils are black or dark-brown soils with brown subsoils which are little 

if any heavier than the surface soils. The Chernozems are black soils with brown 

or reddish calcareous subsoils. The Dark-Brown soils are like Chernozems in most 

respects except in their surface color which is described in their name. The Gray 

desert soils are gray with gray, light-brown, yellowish, or reddish calcareous subsoils. 

The Tundra soils occupy arctic regions as well as high mountain tops. 

The Podzols lie in general in forested regions, predominantly those in which 

conifers constitute an important part of the vegetation. In the United States 

they lie mainly in northern New England and the northern lake region but occur on 

very sandy soils elsewhere. The Gray-Brown Podzolic soils occupy the mid-latitudes 

of the eastern part of the United States from the Atlantic coast westward to western 

Indiana. The Yellow soils occupy the sandy regions of the coastal plain from North 

Carolina to east Texas; the Red soils occupy the southeastern part of the United 

States, except the regions covered by Yellow soils; and the Prairie soils occupy the 

original grassland east of a line running from northwestern Minnesota to Corpus 

Christi, Tex. Some of the soils of the Southeastern States seem to belong to the 

ferruginous-Laterite group, but are merely lateritic, not yet having reached the 

Laterite stage. 
The Lateritic soils have not been thoroughly investigated. That they exist 

there can be no doubt, but the groups of which they are composed, comparable in 

general character to the groups of the Podzolic soils, have not yet been worked out. 

It is apparent, however, that there are at least two groups. These may be described 

as aluminous-Lateritic soils and ferruginous-Lateritic soils. What their morphological 

characteristics are is yet unknown. 
In the United States typical Chernozems, essentially like those of the Russian 

steppes where they were first described, seem to occur only in the mid- and north- 

latitude belts of the United States, in Kansas, Nebraska, and the Dakotas. On 

Plate 2, the Chernozem belt of the United States, running north and south across the 

country, is broken into a northern and a southern part. The Dark-Brown and Brown 

soils occupy north-south belts in the Great Plains lying successively west of the 

Chernozem belt, and occur also in many areas throughout the Rocky Mountain 

region. The four groups occupy also a series of north-south belts in eastern Washing¬ 

ton and Oregon. 

CATEGORY Y, INORGANIC COLLOID COMPOSITION GROUPS 

Category V includes broad groups of soils differentiated on the basis of the 

general composition of the products of the breaking up of the rocks in the processes 

of soil building. It concerns that unconsolidated inorganic material described in 

this publication as the parent material of the soils and more specifically the colloidal 

part of that material, since that is the material constituting the products of most 

complete breaking up of these rocks. The composition of this material differs from 

place to place in more or less definite relationship to differences in temperature. 

The presence of water, by the activity of which hydrolysis is effected, is assumed. 

In the far north, according to Swedish investigators, especially Dr. Olaf Tamm, the 

minerals of rocks have been only slightly hydrolyzed, especially since glacial times, 

the fine material of which the soils are made having been made fine in grain, to an 

important part at least, by mechanical processes. The resulting material therefore 

has a relatively high silica-alumina molecular ratio. 

Farther southward, at least in mid-latitudes, such as the latitude of central 

Europe and mid-United States, hydrolytic action has been the dominant factor in 

rock decomposition, the resulting colloid having a silica-alumina molecular ratio 

approximating 1 to 2. 
Still farther south, most characteristically in the Tropics, hydrolytic action, 

stimulated by high temperatures, has gone still farther in the breaking up of the 

colloids, especially in the removal of combined silica or silicate silica and the alkalies 

and alkaline earths, and it has produced a product in which the molecular ratio of 

silica to alumina is or may become 1 to 1 or lower. 

The relationship of colloid composition to different temperature conditions 

refers specifically to such temperature changes as take place in regions of high rain¬ 

fall. It is here assumed that the same relationships exist in regions of low rainfall, 

so far as hydrolytic decomposition of rocks has taken place. Very little is known, 

however, about the results of rock decomposition in regions of low rainfall. 

The first group, including "soils from mechanically comminuted material 

refers to soils developed in regions of very low temperatures, but it is by no means 

certain that the fine-grained parent materials of such soils have been developed by 

mechanical means. Results obtained to date do not show what proportion has 
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probably been accumulated by hydrolytic action, although Tamm states that in 
Sweden that material has suffered some loss of silicate silica, presumably through 

hydrolytic action. 
It will be noticed that one of the groups in Category IV is designated as “Lat- 

erites”, the term being equivalent to “Laterite soils.” In Category V, however, 
the corresponding group includes soils from allitic (lateritic) material. One cate¬ 
gory refers to Laterite soils, the other to Laterite as parent material. The expression 
lateritic soils occurs extensively in soil literature, and it has been inserted here because 
of that fact. In the opinion of the writer of this publication, the term Laterite 
should be applied to the products of rock decomposition and therefore to soil material, 
or parent material of soils rather than to soils. It has become apparent, although 
not yet proved beyond question, that Laterite is geological material or parent 
material of soils from which more than one type or group of soils may develop. In 
the humid Tropics the soil developing from Laterite material seems to be Podzolic, 
though rarely if ever very highly podzolized for evident reasons which need not be 

discussed here. 
It is conceivable that in the development of soils in the Tropics, a stage is 

passed through, which could be described as a Laterite soil stage. This is the stage 
in which rock decomposition has brought the surface material to the Laterite stage, 
but Podzolic processes have not yet had time to operate on them. 

The Red soils of the southeastern part of the United States are Podzolic, if 
that term be defined in the long-accepted way, but they have developed on lateritic 

(allitic) material. 
Such studies, more or less hastily carried on, as the writer of this paper has 

made of the soils of the Mediterranean region, indicate clearly that they are Podzolic 
and are developing on material somewhat allitic in composition but not yet converted 

into Allite. 

CATEGORY VI, SOLUM COMPOSITION GROUPS 

It is possible to divide or group all soils into two major groups on the basis of soil 
characteristics. Soil specialists have long recognized the desirability of such a group¬ 
ing and expressed it by grouping soils under the terms residual and transported. 

It is now recognized that this grouping is not a soil grouping but is, on the 
other hand, a grouping of geological materials according to the geological processes 

by which they were accum¬ 
ulated. A grouping of 
soils must be based on soil 
rather than on geological 
features and processes. 

It is possible to group 
soils into two major groups, 
on the basis of more than 
one soil feature. For ex¬ 
ample, it would be possible 
to group them into well- 
drained soils and poorly 
drained soils, into dark- 
colored soils and light- 
colored soils, and, as we 
shall see, on at least one 

other basis. The arguments for and against one or the other of these bases can¬ 
not be stated here. It can be stated, however, that after mature consideration of 
all the factors involved it has been decided that the best basis on which soils can be 
classified into two major groups is that of the presence, in one of the groups (the 
Pedocal group) of a zone of lime carbonate accumulation in some horizon or layer of 
the soil profile, regardless of the character or composition of the parent rock, and the 
absence of such accumulated material in any horizon of the soil profile in the other 
group (the Pedalfer group). This seems to be the most permanent and most tangi¬ 
ble basis on which to effect this result. The line across the United States separat¬ 
ing these two groups coincides with the western boundary of the prairies. It is 
shown on the outline map (fig. 1) by the heavy black line. 

The grouping by categories is summarized as follows: 

Category VI. Pedalfers (VI-1) Pedocals (VI-2) 

Category V. 

Soils from mechanically comminuted materials. 
Soils from siallitic decomposition products. 
Soils from allitic decomposition products. 

Soils from mechanically comminuted 
materials. 

Category IV. 

Tundra. 
Podzols. 
Gray-Brown Podzolic soils. 
Red soils. 
Yellow soils. 
Prairie soils. 
Lateritic soils. 
Laterite soils. 

Chernozems. 
Dark-Brown soils. 
Brown soils. 
Gray soils. 
Pedocalic soils of Arctic and Tropical 

regions. 

Category III. 

Groups of mature but related soil series. 
Swamp soils. 
Glei soils. 
Rendzinas. 
Alluvial soils. 
Immature soils on slopes. 
Salty soils. 
Alkali soils. 
Peat soils. 

Groups of mature but related soil series. 
Swamp soils. 
Glei soils. 
Rendzinas. 
Alluvial soils. 
Immature soils on slopes. 
Salty soils. 
Alkali soils. 
Peat soils. 

Category II. Soil series. Soil series. 

Category I. Soil units, or types. Soil units, or types. 

THE GEOGRAPHIC RELATIONSHIPS OF THE 
CATEGORIES 

This brief description covers one possible scheme for the grouping of soils into 
a series of successively more and more inclusive groups. It is the scheme now in 
use in the Soil Survey of the Bureau of Chemistry and Soils in all cases where the 
discussion of soils in groups is broader or more inclusive than series groups. No 
insurmountable difficulty has yet been met in its practical use, but it should be borne 
in mind in this connection that many schemes may be constructed from which this 
result might be expected. The essential requirement of such a scheme is not merely 

that it should be workable, but that it should group soils logically according to their 
characteristics and should arrange the groups in such a way as to express both this 
relationship and their relationship to the environment in which the soils have developed. 
The latter can be expressed only by showing the distribution of the soils of the cate¬ 
gory groups on a map and comparing this map with maps showing the distribution 
of the several environmental factors, such as rainfall, temperature, humidity, natural 

vegetation, character of parent material, and relief. 
It is possible that when knowledge concerning the groups has become much 

fuller than at present, their distributional relationship may be shown in all their 
gradations on a single complex large-scale map. At present this is not possible. 
The distribution in the United States of the groups in some of the categories is shown 
in outline in differing degrees of accuracy and fullness in maps in this report. 

The small outline map (fig. 1) shows the general distribution within the United 
States of the two groups in Category YI. The line separating the areas of their 
predominant occurrence runs from northwestern Minnesota to Corpus Christi, Tex. 
The soils east of this line are without exception Pedalfers. West of it, both Pedocals 
and Pedalfers occur, though the former are dominant. The scale of the map is too 
small to allow their separation in detail. In general it may be said that the soils 
on the plains and plateaus within the region are Pedocals, and those in the mountains 

are mainly Pedalfers. 
The Pedocalic soils, when normally developed, differ very greatly from the Pedal- 

feric soils. They have lost a very small amount of the constituents originally present 
in their parent materials, and some of them have, in addition, accumulated a large 
amount of organic matter. Although it is true that in some cases, which may be 
construed as extreme, a large amount of organic matter accumulates in the Pedalferic 
soils, in general these soils contain a very small amount of organic matter; and while 
it is also true that in some of the groups of the Pedocalic soils the amount of organic 
matter is small, these soils in general retain a much larger proportion of the organic 
matter made available by the vegetation growing on them, than is true of the Pedal- 

feric soils. It would be clearer to state, therefore, that the Pedocalic soils are rich in 
organic matter in all members on which a rich vegetation grows and have a low amount 
of organic matter in those members on which no rich vegetation grows. The amount 
of mineral material entirely removed from the Pedocalic soils is small. 

The Pedalferic soils are low in organic matter, except in one of the groups, and 
have lost, when mature, a considerable part of the alkalies and alkaline earths, some 
of the iron, and some of the silica originally present in the parent material. They are, 
in general, leached soils. Sesquioxides also have been shifted from one part of the 
solum to another. In the Lateritic soils, sesquioxides remain as the chief component. 

Since the establishment of the Soil Survey many soil samples have been taken 
from carefully selected representative soil profiles. Only a relatively small number of 
these samples have been chemically analyzed. In nearly all cases mechanical analyses 
have been made of samples which were chemically analyzed. The locations from 
which the analyzed samples were taken are indicated in Figure 2. 

The important differences in chemical composition between the members of the 
two groups is illustrated by the composition of two soils, a Pedalfer from Wayne 
County, Ind., and a Pedocal from Krydor, Canada. (Table 1.) Both consist of a 
series of successive layers from the surface downward. The two soils are different in 
practically all respects. In the Pedalfer the percentage of silica in the upper two layers, 
which constitute the A horizon, is high, and the percentages of iron oxide and alumina 
are low when compared with the upper two layers of the Pedocal.5 The silica in the B 
horizon of the Pedalfer is low, compared with that in the A horizon, and that in the 
Pedocal, except in layer 1, presents a similar relationship. The iron oxide and alu¬ 
mina, however, in the B horizon of the Pedalfer are both high, while in the Pedocal 
they do not differ very greatly in the loss-free composition throughout the profile. 

Table 1.—Chemical composition of a Pedalfer and of a Pedocal 

A PEDALFER, WAYNE COUNTY, IND. 

Sample 
No. 

Hori¬ 
zon 

Depth Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO k2o Na20 P2O5 SOs 

Loss 
on 

igni¬ 
tion 

Total N 

CO2 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ci. P.ct. P. ct. 
fi 80. 46 0. 72 3.00 7. 79 0.04 0.83 0. 49 1.04 1.04 0. 08 0.12 3. 62 99.83 0.10 

283702— Ai 3— 5 
\2 83. 49 .75 3.11 8. 09 .04 .86 .51 1.70 1.08 .08 . 12 99.83 
/> 81. 58 . 59 2. 64 8. 21 .048 .49 .30 1.79 1.14 .03 .04 2. 90 99. 76 .042 

283703_ A2 6- 9 
\2 84. 00 .61 2. 72 8.45 .049 .50 .31 1.84 1.17 .03 .04 99.72 

Bi 10-15 
fi 75. 37 .62 4. 65 11.41 .035 .51 .72 2. 21 1.02 .02 .02 3. 43 100.02 .032 

283704_ l2 78. 02 .64 4.78 11. 82 .036 .53 .75 2.29 1.06 .02 .02 99. 97 

16-30 
J< 69. 81 .56 6.18 13. 72 .032 .72 1.11 2. 48 1.11 .07 .03 4. 21 100. 03 .038 

283705_ B2 \2 72. 89 .57 6. 48 14. 33 .033 .75 1. 16 2. 59 1.16 .07 .03 100. 03 

C, 31-42 
fi 58. 92 .37 3. 66 9.70 .033 7.40 4. 92 1.91 1.12 .08 .03 11. 95 100. 09 .028 3.00 

283706_ \2 66. 91 .42 4. 16 11.02 .037 8.40 5. 59 2. 17 1.27 .09 .03 100.10 

43-60 
/1 39. 24 .21 2.08 5.77 .047 18.93 7. 99 1.36 .99 .05 .03 23. 44 100.14 .031 9. 50 

283707_ C2 l2 51. 25 . 27 2. 72 7. 54 .061 24. 71 10. 44 1.78 1. 29 .07 .04 100.17 — 

1 Oven-dry soil (110° C.). 2 Mineral constituents only. 

Figure 1.—General distribution of Pedocals (VI-2) and Pedalfers (VI-1). 

6 The horizons of the Pedocal profile (vertical section) are not designated as A and B as in the Pedalfers. (Footnote 2, p. 11.) The lower layer in the Pedocal profile may be called the C horizon and the rest of the soil the Solum. In the description and discus¬ 

sion of the composition of the Pedocals in this Atlas the solum layers are designated as such rather than as horizons for the reasons given in footnote 2, p. 11. 
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Table 1.—Chemical corn-position of a Pedalfer and of a Pedocal—Continued 

A PEDOCAL, KEYDOE, CANADA 

Sample 
No. 

Hori¬ 
zon 

Depth Si02 T1O2 Fe20s AI2O3 MnO CaO MgO K20 Xa20 P2Os S03 

Loss 
on 

igni¬ 
tion 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

33020 _ 

33021 _ 

33022 _ 

33023 _ 

1 

2 

3 

c 

Inches 

0- 5 

8-14 

15-24 

25-65 

P. ct. 
/»64. 73 
l2 76. 65 
ft 71.02 
l2 75. 65 
fi 59. 26 
\2 67. 42 
fi 66. 11 
l2 69. 48 

P. ct. 
0. 39 
.46 
.49 
.52 
.40 
.45 
.63 
.66 

P. ct. 
3. 22 
3. 81 
3. 49 
3. 72 
3. 28 
3. 73 
6.18 
6. 49 

P. ct.. 
9. 76 

11. 56 
11.27 
12.04 
9. 95 

11. 32 
14. 17 
14.89 

P. ct. 
0.147 

. 174 

. 085 

.090 

.063 

.071 

.048 

.050 

P. ct. 
1.70 
2.01 
2. 27 
2.41 
8. 40 
9. 55 
1. 97 
2. 07 

P. ct. 
1.00 
1.18 
1. 38 
1.47 
3.13 
3.56 
2.19 
2. 30 

P. ct. 
2.03 
2.40 
2. 22 
2. 36 
1.85 
2.10 
1.85 
1.94 

P. ct. 
1.45 
1.71 
1.61 
1.71 
1.34 
1.52 
1.27 
1.33 

P. ct. 
0. 17 
.20 
. 13 
.13 
.14 
. 16 
.08 
.08 

P. ct. 
0.20 
.23 
.07 
.07 
.07 
.08 
. 12 
. 12 

P. ct. 
15. 55 

’6.12" 

~~4.~85~ 

P. ct. 
100. 35 
100. 53 
100. 16 
100. 17 
99. 99 
99. 96 
99. 97 
99.41 

P. ct. 
0.557 

P. ct. 

. 152 

~.~129" 

'."633" 

1.01 

~~7.~78 

.85 

1 Oven-dry soil (110° C.), 2 Mineral constituents only. 

In general the alkalies, alkaline earths, and P2O5 are low in the solum of the 

Pedalfer and high in that of the Pedocal. The loss on ignition is widely different in 

the two soils. In the solum throughout, the loss on ignition in the Pedalfer is low, 

in the Pedocal is high. The thin surface layer was not analyzed in the Pedalfer but 

was analyzed in the Pedocal. The loss on ignition in this thin layer in other samples 

of Pedalfers ranges around 8 per cent. Since the loss in the surface horizons of fully 

developed soils expresses mainly the percentage of organic matter present, the 8 per 

cent of loss on ignition in a thin surface layer of the Pedalfers shows that the two 

groups are more nearly alike in this layer than in the lower layers. The significant 

fact, however, is that the layer with high loss on ignition in the Pedalfers is thin, 

that in the Pedocals is thick. 

The loss on ignition in both soils is high in the C horizon. This, as may be seen 

by consulting the column showing the percentage of C02 from carbonates and that 

showing the percentage of CaO, is due to the presence of calcium carbonate. The 

percentage of this constituent in the C horizon of the Pedalfer is greater than that 

in the C horizon of the Pedocal. This is a matter concerning the parent material 

and not the solum. Layer 3, however, in the Pedocal, which corresponds approxi¬ 

mately to the B horizon in the Pedalfer, contains high ignition loss and high calcium 

carbonate, while none of the latter is present in the Pedalfer. This constitutes one 

of the two most striking differences between the two soils, the other being the 

differences in the amount of organic matter in the upper part of the solum. This 

layer in the Pedocal is the zone of carbonate accumulation, a zone due to the operation 

of soil-building forces and therefore a part of the solum. No such layer is present 

in the Pedalfers. 

No attempt has been made to show the distribution within the United States of 

the groups in Category V. It is not yet known whether all Pedalferic soils may be 

included in the two groups of Tundra soils and Podzolic soils or whether there is a 

group of Lateritic or Laterite soils that are not at the same time Podzolic. When 

this has been determined it will then have to be determined, if this has not been done 

in the meantime, whether the line between the Podzolic and Lateritic groups, if 

there prove to be such a group, lies across any part of the United States. In like 

manner the boundary line between Pedocals of the Temperate Zone and of the 

Tropics may or may not cross the United States. 

The distribution of the groups in Category IV is shown on the map of the great 

soil groups. (PI. 2.) The major soil boundary, separating the Pedalfers from the 

Pedocals is shown by a heavy black line, being shown in greater detail than on figure 

1. Its location in detail has been determined on this map by the mapping of the soil 

series on the soil map of the United States, Plate 5, sections 1 to 12. The map is 

self-explanatory for the most part. It will be noted, however, that the Prairie soils 

and the soils of each of the Pedocalic groups, except those of the Brown soils, have 

been divided into a northern and a southern subgroup. This has been done because 

the soil series, as shown on the large 12-slieet soil map, are different in the two parts of 

each group belt. 

This may be considered a true soil province map of the United States. The 

soil provinces shown are the large provinces only. In the mountains of the West a 

great number of small areas, each of which is occupied by soils belonging to some of the 

great soil groups, is present, and each may legitimately be called part of a soil province. 

These areas can not be shown on Plate 2 because of their small size and the small 

scale of the map, but many of them are shown in at least their approximate location 

on the large map sheets. (PL 5, secs. 1 to 12.) They consist of small areas of some 

of the provinces shown in larger areas. None of them, so far as is now known, con¬ 

stitutes a new soil province. In the eastern part of the United States small outlying 

areas of some of the provinces are large enough to be shown. The most important 

of these are some outlying areas of Podzol soils or of the Podzol province, one large 

and three small ones in Pennsylvania and a large one in New Jersey. It is probable 

also that most of Cape Cod should be included in the Podzol province, but this has 

not yet been definitely determined. 

The distribution of the great soil groups in the Pacific coast region has not been 

attempted. 

The large soil map (pi. 5, secs. 1 to 12) of the United States shows the distribution 

of soil series (Category II) or of combinations of series so far as the accumulated 

knowledge will allow. It is based on all the data accumulated in the work of the 

Soil Survey since its beginning in 1899. In by far the greater number of cases the 

individuals or units on this map consist of combinations of a number of related series. 

The name given in the legend to the mapping unit is the series name for the dominant 

series within the area covered on the map by the unit. 

Since the greater part of the text of this Atlas consists of a description of these 

series, their distribution, and composition, the map needs no further description here. 

The data-reliability-chart (inset on pi. 5, sec. 9) will show the source and character 

of the data used. 

Since the scale of the map is not large enough to show the distribution, except in a 

very few cases, of individual soil series, even where that has been well worked out in 

the detailed work of the Soil Survey, it is evident that the scale is not large enough 

to make it possible to show the distribution of the soil types. The distribution of 

the units in Category I, therefore, is not shown. 

DISTRIBUTION OF PARENT MATERIALS ACCORDING TO CHARACTER AND 
ACCUMULATION 

Plate 4 shows the distribution of areas in which given kinds of parent materials 

or parent rock predominate. They have been differentiated on the basis both of the 

general mineralogical character of the material and of the processes by which it was 

accumulated. The parent geological material from which soils have developed con¬ 

stitutes the connecting link between those things winch are the objects of investigation 

in geology, as usually understood, and those treated of in that branch of geology or 

at least a closely associated subject known, since it attained the status of a science, 

as pedology or soil science. 

This chart is introduced as one of the ways of expressing the fundamental point of 

view regarding the relation of the sciences of geology and pedology maintained not 

only in this paper but throughout the work of the Soil Survey. The underlying point 

in this attitude is that the processes of accumulating rock debris, either by disintegra¬ 

tion and decomposition of rocks or by the shifting and redeposition of this material in 

water, air, or ice, are geological processes and are fundamentally different from soil- 

developing processes. 

That the two processes work side by side and contemporaneously no one doubts, 

and the geological processes, especially of rock decomposition, are deeply involved in 

soil building, but that fact does not make it any less obligatory for the investigator 

to think clearly regarding them. 

The map with the legend is self-explanatory. It is evident that the scale allows 

only the broadest and simplest differentiations. The compilation of the soil map, 

Plate 5, sections 1 to 12, is almost entirely the work of F. J. Marschner. 

DISTRIBUTION OF SOILS WITHOUT NORMAL PROFILES 

Plate 6 shows in a general way the distribution in the United States of soils devel¬ 

oped or developing under the influence of one or more of a small number of conditions 

resulting in a soil profile differing in some important respect, or respects, from the 

normal or usual mature profile of the region. In other cases the absence of a normal 

profile is merely the absence or only the incipient development of any profile at all. 

The most important conditions causing the development of an unusual profile or no 

fully developed profile are as follows: (1) Occurrence on slopes where erosion, creeps, 

and slides do not allow the material to lie in place long enough for the development 

of the regional profile, (2) high ground water, standing through a large part of the 

year at the surface or less than 4 feet below it, and (3) the presence in the parent 

material of a high percentage of certain salts, such as sodium carbonate, or of calcareous 

marls. 

Large areas of soils with imperfectly developed profiles are shown on the map. 

These include soils imperfectly developed because of the recent accumulation of the 

material and those developing on slopes where the material is not allowed to lie in 

place long enough for the development of a profile. The latter occur mainly in the 

mountainous regions. One important area covers the sand-hill region of Nebraska 

and another the Edwards plateau of Texas, which is underlain by limestones. Only 

the larger areas of both kinds are shown. Numerous large areas that could be placed 

in the first subgroup of imperfectly developed soils have been included in the ground- 

water group. Most of the soils shown on the map as imperfectly developed are well 

drained. 

Soils in which the unusual character of the profile is due to the presence of an 

unusually heavy tough intractable subsoil, called a claypan, occur mainly in the 

Mississippi Valley region. Their characteristics are described in the body of the 

report, but the cause of their development is not yet well understood. 

Soils with indurated subsoils occur in the eastern part of the United States, 

around the lower Mississippi River, and in California. They do not include soils in 

which the zone or horizon of calcium-carbonate accumulation is indurated. The 

latter will be described in the body of this paper. Rendzinas or dark-colored soils 

developing from calcareous marls occur in two parts of the United States—in central 

Alabama and northeastern Mississippi, and in the eastern part of Texas. 

Poorly drained soils occur mainly along the Atlantic coast and in the Great Lakes 

region. Most of these soils have imperfectly developed profiles because of their 

subjection to ground water. 
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THE COLOR-PROFILE CHART 

The color-profile chart (pi. 3) shows the results of an attempt to reproduce the 
actual colors of soils in nature, but in approximately an air-dry condition. The colors 
shown are essentially those of the soil where it has been exposed in a bank long- 
enough to have become dry on the face of the exposure. The charts were painted 
from large block samples of complete undisturbed sections or profiles. 

The name of the soil type as well as the category to which it belongs are shown 
on the chart. The color profile is that typical of the series represented. The small 
sketch map (fig. 3) shows the positions of the localities where the samples were 

collected. 

APPROXIMATE CHEMICAL AND MECHANICAL COMPOSITION CHARTS 

The charts (pi. 7) showing approximate chemical and mechanical composition, 
represent the composition of a number of profiles of samples selected from localities 
where the soils were typical. The composition is representative, in its general features, 
of the type wherever it occurs and in a general way of the Category group to which 

Figure 3.—Locations of soil samples used in preparation of color-profile charts. 

it belongs. The explanation of the charts including their construction, is printed on 
the plate. The outline map (fig. 4) shows the localities where the samples were 

collected. 

Figure 4.—Locations of soil samples used in preparation of chemical and mechanical profile charts. 

HISTORY OF SOIL UNIT DEFINITION AND SOIL CLASSIFICATION IN THE UNITED STATES 

When the work of differentiation of natural soils was begun in the United States, 
there was no established criterion to serve as a basis for doing it. All that had been 
done was to define in a very crude way certain units which were recognized, not as 
individual units but really as groups, and their definition was not based on their 
individual characteristics but on the basis of an assumed relation to other bodies. 
Broad soil units, recognized as groups subject to further separation into smaller 
units had been established in eastern Europe many years before the beginning of 
the twentieth century, but western Europe and eastern North America had at that 
time no knowledge of the results. This work in the United States, therefore, neces¬ 
sarily started from the bottom, except so far as our knowledge of the geologic forma¬ 
tions of the country supplied a temporary basis. 

Prior to the beginning of the twentieth century and subsequent to the middle of 
the nineteenth century, the science of geology attained an advanced stage of develop¬ 
ment. Since the materials of soils lie on the surface of the earth and constitute part 
of its crust, and since they have been derived from geologic formations, it was but 
natural and seemingly logical and reasonable to conclude that the characteristics of 
soils were determined by the characteristics of the rocks from which the soil material 
originated. Up to that time, no suggestion that the characteristics of soils were due 
to other agencies had received recognition in the United States. Such studies as 
had been made on the soil covered chemical studies of soil materials mainly, with 
little or no reference to the character of the soil, as it occurs in nature, from which 
that material came. 

The study of the genesis, morphology, and evolution of soils, made necessary 
over a wide area by the work of the Soil Survey, has shown that soils are to a much 
greater extent the product of those factors which influence and in a measure control 
the development of organic life, the physical environment taken as a whole, than of 
the single factor of the character of rock material from which they have developed. 
It has also been determined that the characteristics of the soil at any given time and 
in any given spot consist of two kinds—those that may be defined as inherited and 
those that have been acquired. The quantitative relationship of the two differs 
from time to time. The inherited characteristics are those derived from the parent 
material or the geologic formation from which the material came, and they are domi¬ 
nant in the early stages of soil development. As the soil becomes older these char¬ 
acteristics become less and less dominant through the development of acquired 
characteristics impressed on the soil by the dynamic soil-building factors. By the 
time a stage of development that may be defined as maturity has been attained, these 
acquired characteristics become entirely dominant. This conception is, for the United 
States, an entirely new one and has been developed, so far as the details and their 
application to particular soils are concerned, through soil investigation within the 
United States. 

When soil investigation in the field, designated in this country usually by the 
expression, “soil survey investigations,” was begun in the United States, the soil char¬ 
acteristic considered most important was the texture of the surface layer, and, in the 
earliest work, differentiations were made mainly on this basis. On the basis of studies 
made while connected with the Maryland Agricultural Experiment Station, Prof. 
Milton Whitney came to the conclusion that the adaptability of the soil for a given 
crop, and the success with which a crop could be grown on any given soil, was depend¬ 
ent primarily, if not exclusively, on its texture. Thus the use of the texture of the 
surface soil as a basis for defining soil units automatically gave such units agricul¬ 
tural significance. The soil was thought of as a crop-producing body rather than 
as a natural body worthy of investigation as a contribution to human knowledge, 

and its investigation was justified on the ground that the information furnished was 
valuable in the promotion of crop production. 

That the dominant reason for doing the work was practical rather than scientific 
is further shown by the limitation (during the first two decades) of the depth of soil 
examination in the field to about 3 feet. This limitation was arbitrarily based on 
the idea that the average farm crop extended its roots into the soil to about that 
depth. 

The first work was done in the summer of 1899. This work, and that of the fol¬ 
lowing year or two, was entirely local in character. A number of soil units were 
identified and separated, but they were differentiated on the basis of texture mainly 
and with little reference to their interrelationships. Differentiation of soils on so 
simple a basis made any relationships among the several units equally simple and 
limited. While this simple definition prevailed in the central office in Washington, 
the men in the field in actual contact with soils soon discovered that characteristics 
other than the texture of the surface layer were important soil features. 

The number of texture units in soils, whose use is practical or convenient, is 
small, 15 in all, and work in the field soon revealed the existence of many other soil 
characteristics seemingly as important as the texture of the surface horizon. Before 
much knowledge of these characteristics had accumulated, except for restricted areas 
mainly in the eastern part of the United States, the concept of a group of soils arose, 
which would include a wide range of textures, possibly all known textures, but whose 
characteristics other than texture of the surface horizon were uniform. Such a 
group was designated as a soil series, and seems to have been suggested by the cur¬ 
rent geological explanation of the range of textures in a delta or other unit of deposi¬ 
tion in standing water. It is certain that the idea arose before the knowledge of 
soil characteristics had accumulated to a sufficient extent for the suggestion to have 
been based on them. 

By the definition developed from this suggestion a soil series was made to include 
the soils deposited in the form of a delta in a body of standing water. Material 
carried into such a body of water at a given point by a stream, would be spread out, 
according to the point of view regarding sedimentation prevailing at the time, more 
or less fanlike, thickest and with the coarsest texture at the point of entry, becoming 
progressively finer in grain with distance from this point. Theoretically all possible 
sizes of mineral particles would be found within the deposit, the range including gravels 
along the shore near the point of entry of material, and progressively finer grained 
material ranging through coarse sands, sands, fine sands, silts, and clays as distance 
from the point of entry increased. 

According to such a definition a series was supposed to include all possible tex¬ 
tures, and the characteristics other than texture would without question be those deter¬ 
mined by the geological character of the rock and the process of deposition. In such 
a case, a soil series constituted a geological unit, and the characteristics of the bodies 
included in it were entirely geological. 

As the work of the Soil Survey extended, experience was gained with soils over a 
wide range of territory and developed under a wide range of conditions. These 
included soils developed not only from sedimentary deposits, laid down in deltalike 
form such as was supposed to have taken place in order to produce the conditions 
for the original series definition, but soils formed from material accumulated by rock 
decomposition in place, not merely sedimentary rocks but igneous rocks also. Grad¬ 
ually, as a result of this accumulated experience, the definition of the soil series was 
modified and by almost imperceptible stages became more and more pedologic and less 
and less geologic. It finally became based on soil characteristics entirely, not neces- 
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sarily the characteristics of a mature soil and therefore pedological entirely, but, 

in the case of young soils, where the soil itself is, to a considerable extent, a geological 

body, some geological characteristics were retained. The soil series became, there¬ 

fore, a group of soil bodies essentially alike in all soil characteristics except the 

single characteristic of the texture of the surface horizon, which, in the original 

definition, referred to the plowed zone. 

Apparently there was no intention, at the time, of constructing a classification 

similar to that of plants and animals in which the soil series would correspond to 

the genus and the texture to the species. Since that time it has developed into such 

a similarity to the extent that each soil unit, like each plant or animal, is designated 

by two terms, one designating a group of characteristics, other than texture of the 

surface soil, common to all the members, the other designating the texture of the 

surface layer. A plant in a similar way, is designated by a generic term connoting all 

its characteristics except one which is called its specific characteristic. 

The work during the first decade or more after inauguration of the Soil Survey 

gradually and, it may be said, inevitably accumulated knowledge of soil charac¬ 

teristics, yet because of the predominance of the geological rather than the pedological 

point of view attention was directed, even by field men, to the geology of the soil 

material rather than to the soil itself. The recognition of the soil as a body with 

entirely different chemical, physical, mechanical, biological, and morphological 

characteristics from the parent material beneath it did not become well established 

in the Bureau of Soils until the second decade of soil-survey work was well begun. 

SOILS OF THE UNITED STATES 

The breaking up of a soil series into its various texture members has always been 

done for the purpose of giving the soil type a practical value. As the work has 

progressed, however, during past years, the expression “texture of the surface soil,” 

originally applying to the plowed layer, has gradually shifted its application to the 

“texture of the A horizon.” 6 7 8 

The soil at a given spot with a given A horizon texture and with other char¬ 

acteristics designated as series characteristics constitutes a soil type. 

All the soil types within a given area of country contain all the soil characteristics 

found within the soils of that area, and the differentiation of the soils of a region into 

soil types, as shown on the detailed soil maps and described in the reports of the 

United States Soil Survey, cover all the characteristics of all the soils in that region 

possible of recognition by the stage of development of the science at the time the 

studies were carried on. 

As knowledge of soil characteristics has increased with the extension of field 

studies into all parts of the country, another important change in the soil series 

concept has taken place. Originally every series when complete contained theo¬ 

retically as many members, texture units, as the whole number of textures that had 

been defined, 15 in number, not including the gravelly and stony members. As 

the definition of the series became pedological and was made to cover all soils whose 

soil characteristics are alike, except the texture of the A horizon, it was found by 

actual experience that each series included only a few texture units. Parent materials 

of coarse grain rarely and probably never develop into soils having the same series 

characteristics as those of fine grain. 

COMBINING SERIES GROUPS INTO BROADER GROUPS 

Soon after the series and type definitions had been rather well established it 

became desirable to group soil series into larger groups, constituting thereby a 

classification scheme of more than two categories. An attempt was made to establish 

it on a basis of distribution of soil series rather than more accurately on the character 

and relationship of the series in the various groups. Such a category in the scheme 

of classification was called a soil province and was more or less unconsciously recog¬ 

nized as a grouping comparable to series grouping. When it is realized, however, 

that the series and type groupings finally developed into groupings based on char¬ 

acteristics only, we realize that a geographic basis for the third category rendered 

the scheme inharmonious. The soil province as previously defined (13) is not a soil 

grouping but is a subdivision of a region on the basis of soil characteristics. Soil 

grouping must be done on the basis of soil characteristics only. If, however, a 

grouping of soil series into related groups brings together soils which occupy a given 

region, so that the grouping according to characteristics when interpreted in a geo¬ 

graphic sense is equivalent to the establishment of a soil province, the significance 

of the grouping is thus enhanced, but this does not convert a soil province as a 

geographic unit into a part of a logical scheme of soil classification. 

Mature soils are the product of their environment. In a region like the United 

States, where environments, including not only the factors of the dynamic environ¬ 

ment but also the conditions on which these factors must operate to produce soils, 

are uniform over large areas, the soils produced under the influence of each of these 

environments, constituting members of a given category of soils when placed on a 

map, will each occupy the whole of such an area. Such a map may legitimately be 

called a soil-province map. 

The provinces on the first soil-province map, published by the Bureau of Soils in 

Bulletin 55 (1909), were not soil provinces, since the soils of none of them belong in 

the same pedological group. In some of them, parts of several pedological groups 

were included, others included much less than the soils of a single group. This re¬ 

sulted necessarily because the basis of subdivision of the country into provinces was, 

in part geology, in part physiography, and in part general-areal geography. In no 

part of the map was a soil basis used. 

After the construction of this province map it was used as part of a scheme of soil 

classification. If soils in two localities on opposite sides of a province boundary 

were found to have identical characteristics they were nevertheless placed in different 

soil series because of such occurrence. There were a few isolated cases where this 

was not done. 

About 1915 it became evident to the workers in the Soil Survey, that this basis 

of classification was not satisfactory, since by that time it had been determined that 

the differentiation was not based on soil characteristics. About this time the results 

of Russian work, done in the last quarter of the nineteenth century and the first 

decade of the twentieth, became known through German translations. At first it 

was thought that the Russian system could be adapted to the United States, and 

an attempt was made to do so. In a short time, however, it became evident that, 

although the results fitted much more closely to actual soil characteristics than did 

the old geographic and physiographic map of the Bureau of Soils, the adjustment 

could not be made exactly because of a much wider range of environmental differences 

in the United States than in Russia. It was evident that in its general features the 

Russian classification scheme was fundamentally sound. By the time, however, that 

knowledge of the features of the scheme had become familiar to us, a very great deal 

of information regarding soil characteristics of the soils of the United States had been 

accumulated, and since the Russian classification, or at least its explanation, was 

based on features of the climate, it was found to be only partly applicable. The 

workers in the United States became convinced that a fundamental scientific classifi¬ 

cation of soils should be based on the characteristics of the soils alone. For several 

years, therefore, persistent attempt was made to work out a scheme winch would be 

based on soil rather than geologic characteristics, climatic characteristics, biologic 

characteristics, or the characteristics of any group of bodies other than soils them¬ 

selves. The first attempt to group the soils of the United States into groups on the 

basis of fundamental soil features alone, as these are expressed in the soil profile, 

was made in 1922 (11). 

So far as is now known, this was the first attempt to group the soils of a large con¬ 

tinental area on the basis of soil-profile characteristics alone without reference to 

geographic distribution or climatic, geologic, botanic, or other features than those 

of the soils. The groups established were soil groups, and in their construction soil 

characteristics alone were taken into consideration. Where the distribution of these 

groups is laid down on a map of the United States, however, it is found that each 

group occupies one or more large continuous areas within the smooth or relatively 

smooth parts of the country. In the mountainous parts of the country, such as the 

Rocky Mountain region or the Pacific coast region, the distribution is in small areas. 

On the basis of our experience up to the present time, we seem to be justified in stating 

that all soils in the United States may be included in these groups.7 8 

These groups correspond in part to the soil-type groups established by Russian 

pedologists in the last quarter of the ninteenth century. The Russian types include 

Podzols, Laterites, Chernozems, Chestnut-Colored soils, Brown grassland soils, and 

Gray desert soils. True Laterites do not occur within the United States. 

Because of the greater number of what seem to be distinct kinds of environment in 

this country than in Europe, the American workers have created a greater number of 

groups or types, in the Russian sense, than have the Russians. All the Russian groups 

are included and may be definitely identified in this country. In the United States 

the following groups have been defined: Podzols, Gray-Brown Podzolic soils, Red 

soils, Yellow soils, Prairie soils, Chernozems, Dark-Brown soils, Brown soils, and Gray 

soils. The distribution of these groups (described on p. 13) is shown on the map. 

(PL 2.) This brings the development of the classification up to the present time. 

THE PODZOLS 

Podzols are dominant in the northern part of the Great Lakes region, east of the 

boundary between the Pedalferic and Pedocalic soils, and in sandy areas of New York, 

New England, New Jersey (fig. 5), and to a slight extent farther southward along the 

coast. Their general distribution is shown on the map. (PI. 2.) The main areas 

may be defined as those of the Great Lakes region, those of New England and northern 

New York, and those of New Jersey. Small areas lie in the Allegheny Plateau where 

the elevation is sufficient for a climate like that of the northern lake region or northern 

New England. These soils occupy a region in which the rainfall is high and the 

temperature low, as compared with that of the rest of the United States, or areas 

where the soil material consists mainly of sand which is readily attacked by the forces 

of leaching. Because of the low temperature and high rainfall, the soils remain in a 

more moist condition throughout a greater part of the year than soils in any other part 

of the United States. Like all the groups of Pedalferic soils, except the Prairie soils, 

the Podzols have developed under forest cover, but for the most part under a cover 

containing a somewhat larger percentage of conifers and of plants which flourish on 

an acid soil than is the case with other members of the Pedalferic group. Although 

the Red and Yellow soils in the southeastern part of the United States, when the 

region was first visited by white man, were covered with a vegetation consisting 

mainly of conifers, they do not support an undergrowth of acid-loving vegetation 

similar to that on a large part of the area of the Podzols. 

The dominant vegetation on the extremely developed Podzols of Europe, most 

of which are very sandy soils, consists of the common heath plant (Calluna vulgaris). 

That plant is not the characteristic Podzol plant in the United States or apparently 

anywhere in North America. The very sandy Podzols in the United States are cov- 

6 In soil profile description the several horizons or layers in the soil from the surface downward are designated by letters of the alphabet. Since the soil horizons are more clearly defined in the humid or podzolic soils than in any of the other groups it is simpler 
to describe the horizons in these only. The A horizon lies at the surface and is a horizon of impoverishment. It has lost part of its iron, alumina, and other constituents except silica, and as a result of the removal of other constituents the silica left behind 
constitutes a larger proportion of the horizon than before. It is also coarser in texture than it was originally before soil development began. It ranges in thickness from a mere film to several feet but is usually a little less than a foot thick. The B horizon underlies 
the A and has been enriched by part of the material removed from the A horizon, especially the iron, alumina, and the fine-grained material. In some cases it contains more alkalies and alkaline earths than originally. It is a zone of enrichment. It ranges 
in thickness from a few inches to 3 feet. The C horizon underlies the B. It often consists of two parts. The upper part has been changed by weathering, including leaching of carbonates and other readily removable constituents, but very little or no other 
change has taken place. The lower part is one that has been less changed by weathering, consisting of the country rock, disintegrated and decomposed but not leached of its carbonates. It may consist also of consolidated or unconsolidated rock. 

7 These are the groups described on p. 13, under Category IV, and need no description here. 
8 It will be borne in mind that the changes in the province grouping described in this paper and even the change from no province grouping to the grouping on the 1909 province map, have not made necessary extensive changes in the detailed mapping 

previously done. It has involved, to be sure, the reconnaissance mapping which was carried on on the Great Plains between 1905 and 1915, but since only a relatively small amount of this work was done compared with the total area of the United States, 
the changes that will be made, when the same area is mapped from a modem point of view, will not be highly significant. The change in province definition, and therefore province mapping, has concerned higher categories in the scheme of classification 
than the categories involved in the detailed mapping. As explained before, the detailed mapping at the beginning was based primarily on the texture of the surface horizon, and the texture unit of a soil series is still based on the same feature. In constructing 
the first province map the provinces were mainly geological. The original theoretical definition of soil series was geological also but it was largely an office definition, and while it had some weight in the first few years of soil mapping, within a few years after the 
work was inaugurated the weight of facts obtained by men in the field demanded a soil characteristic basis for series definition. In many cases the names and definitions of soil series have been changed but in most eases this has been necessary because of the in¬ 
crease in our knowledge of many series, originally defined on the basis of limited knowledge, rather than because of change in point of view as to soil evolution or relationships. Soil type definition is now and has been for more than 20 years, based primarily on 
soil characteristics, and all the soil types in the United States will, when they have been identified and mapped, embrace all the soil characteristics in the United States, or all that have been discovered up to the time that the mapping was done in each 

particular area. 
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ered with pine or hardwoods, with an undercover mainly of blueberry bushes (Vac- 

cinium). The large area of sandy heaths, or heide, which cover large areas in northern 

Germany and Denmark, have no exact duplicate in this country or in North America. 

In general the Podzol profile is as follows: 

1. Covering the surface is a layer of accumulated organic matter consisting of 

leaves of forest trees and other forest debris ranging in thickness from an inch or 

two to a foot, or, in extreme cases, even more.9 This material is brown, only partly 

decayed, acid in reaction, and wholly without structure. In an extremely developed 

Podzol profile it overlies the mineral soil abruptly, there being a sharp boundary 

between the layer of organic material, or raw humus as it is called, and the mineral 

soil. In the United States, however, in most cases, the upper part of the mineral 

soil contains more or less partly decomposed organic matter. In an extreme profile, 

the raw humus layer will continue as raw humus to the bottom of the layer, but in 

the United States there is generally a layer, immediately above the mineral soil, of 

somewhat better decomposed material. 

2. The upper part of the mineral soil consists of a gray layer, the bleicherde. 

This may be gray or white from the top downward, or it may contain an admixture 

of organic matter in the upper part. The lower part is always gray and it ranges in 

thickness from a mere film to a foot or more. It is structureless, but may have a 

laminated arrangement, and in chemical composition has a high content of silica, 

and a content of iron, alumina, alkalies, and alkaline earths lower than that in the 

horizon below. The upper part, with an admixture of organic matter, where such 

is present, is usually designated as the Ai horizon and the lower part the A2 horizon, 

and the raw humus layer is usually designated as the A0 horizon. 

The bleicherde is underlain by a brown, dark-brown, or coffee-brown horizon 

which may or may not be indurated. The induration usually varies with the texture, 

being highest in sandy material and less in clay. The brown, dark-brown, or coffee 

color is more intense at the top of the horizon than below, the thickness of the deeply 

colored layer varying from a 

mere film to several inches. 

The material gradually be¬ 

comes lighter in color with 

depth, grading through rich 

brown and yellowish brown, 

and finally passing into the 

underlying material, the 

parent geologic material, 

whatever that may be. 

This horizon, or layer, is 

designated as the B hori¬ 

zon and is a horizon of en¬ 

richment, the enrichment 

including organic matter, 

hydrated iron oxide, com¬ 

pounds of alumina, and 

occasionally some of the 

alkalies and alkaline earths. 

The enrichment in any 

given case does not neces¬ 

sarily consist of all these 

constituents, but may con¬ 

sist of hydrated iron oxide 

in one case, compounds of 

alumina in another, and 

organic matter in another, 

though usually where the 

enrichment involves a great 

deal of organic matter, it 

also involves a great deal 

of alumina. Where the 

enrichment consists mainly 

of iron oxide, that in alumina may or may not be important. The material is 

usually structureless and has an acid reaction. 

Figure 5—Natural vegetation on Lakewood sand,a Podzol, Monmouth County,N. J . 

SOILS OF THE PODZOL REGION 

Only a small amount of detailed soil survey work has been done in the Podzol 

region as a whole. This is especially true of Maine, New Hampshire, Vermont, 

and New York. That part of Michigan lying within the region (pi. 2) is rather well 

known, but little is known of the soils of large parts of northern Wisconsin and 

northern Minnesota. 

On the soil map, plate 5, sections 1 to 12, the soils of the whole belt, including 

the Podzol areas in the Allegheny Plateau, have been differentiated into six units, 

each unit consisting of several soils. In areas like that of the northern part of the 

northern peninsula of Michigan, where detailed studies have been extended over 

most of the land and the soils differentiated .in detail, several closely related soils 

were grouped into one unit and the name of the dominant soil in the group was given 

to this unit which was shown under that name on the map. For example, on the 

soil map (pi. 5, sec. 2) the Ontonagon soils are shown as occupying a considerable 

area. Actually the true Ontonagon soils occupy only a part of this area, but soils 

closely related to the Ontonagon in character occupy the rest. The Ontonagon soils 

as shown on the map include, therefore, some five or more different soils, all of which 

are similar in their general features. 

In regions like northern New England, where practically no detailed field studies 

have been made, large areas are shown as a single soil. Enough is known of the 

region to warrant the statement that it contains at least half a dozen important soils, 

hut all of them have certain general characteristics similar to those of the Hermon 

soils which have actually been .identified and their characteristics moderately well 

worked out in a small area in northwestern Massachusetts. On the basis of a small 

amount of very general knowledge of the soils of the region as a whole, supplemented 

by somewhat better knowledge of the character of the environment, the Hermon 

soils have been extended over northern New England, and in large areas in all the 

other States within the region. In most of the eastern part of the United States 

field research has been extended so widely that much more definite knowledge of the 

soils is available, and the map is more detailed and more reliable than that part of it 

covering New England. 

The groups shown on the map (plate 5) as members of the Podzol group are six 

in number and are designated as Hermon, Caribou, Ontonagon, Dekalb, Beltrami, 

and Sand. In detailed mapping the sands within this region are differentiated into 

a number of soils, but sands have been designated as Sand throughout the map 

regardless of their character. 

In many localities in southern New England, south of the region where the 

Podzol profile is developed in practically all the soils and well within the zone of 

dominant oak and chestnut forests, the sands, in many places, have a well-developed 

Podzol profile. At the present time such spots are covered with conifers, probably 

in most cases white pine, of second growth, since these sand areas, especially the sand 

plains, were put into cultivation at an early date. Large areas of sands occupy Cape 

Cod and large parts of Nantucket and Marthas Vineyard. Important areas lie 

south of Port Jefferson, Long Island, and in other areas on the island east of that 

town. Eastern New Jersey also is covered by an area of sand still larger than any of 

the individual areas already mentioned. 

The soil profile throughout these areas is a typical Podzol profile in every respect 

except that of the cover of forest debris. The typical brown raw humus, described in 

textbooks as an essential or at least a characteristic feature of the profile, is not 

present, its place being taken by another form of layer. It is not yet known whether 

or not this form of raw humus is present in the United States where the Podzol 

profile has developed under deciduous forest cover. 

The type of raw humus cover in these areas of Podzols, developed from sands, 

consists of a brown loose top layer of undecomposed leaves from the last leaf fall. This 

is underlain by a layer 

about an inch thick of 

slightly compacted flat-ly¬ 

ing leaves, slightly decom¬ 

posed but still retaining 

their brown color. Beneath 

this is a layer about 2 

inches thick of dark-brown 

or very dark brown leaf 

fragments in which many 

of the leaf ribs are still 

distinguishable but the in¬ 

terrib membranous parts 

are much decayed. The 

whole layer is woven into a 

tough mat by a great many 

rootlets which penetrate it in 

all directions. Many white 

sheets and filaments of fun¬ 

gus mycelia are present. 

This layer is rather 

abruptly underlain by the 

mineral soil (sand), but the 

upper inch or two is some¬ 

what impregnated with or¬ 

ganic matter. The rest of 

the profile is that of a typi¬ 

cal Podzol. The B horizon 

usually assumes the form of 

ortsand rather than ortstein. 

Certain areas of sand 

occur in southern Delaware, 

southern Maryland east of 

the Chesapeake Bay, and southward along the coast at least into North Carolina. 

In these the Podzol profile is clearly defined, but less well developed than in New 
Jersey. (Fig. 6.) 

The Hermon soils are the dominant Podzols of the region. They have developed 

under a cover of mixed forest in which conifers constitute an important element. 

Large areas were covered originally with deciduous trees, these usually occupying 

the areas of soils heavier than sands or very light sandy loams. Partly because of the 

rather heavy texture of the material, most of the areas covered with deciduous forests 

have a less well-developed Podzol profile than areas of lighter texture where conifers 

are more important. 

The Hermon profile in northwestern Massachusetts consists of a raw humus 

layer about 4 inches thick, a bleicherde, or gray layer, constituting the upper part of 

the mineral soil and averaging about 2K inches thick, and beneath this a rust-brown 

orterde,10 or B horizon, ranging up to 12 or more inches in thickness. Beneath this, 

the lowest horizon of the true soil, lies the parent material consisting of glacial drift 

made up of material from crystalline rocks, which differs in character rather widely 
from place to place. 

Recent work shows that this profile is present in parts of Vermont, but no work 

has been done in New Hampshire and in most of Maine. The extent to which this 

profile, which is regarded as a well-developed Podzol profile, is developed in these 
States is unknown. 

Enough data are at hand to show that the typical profile, as just given, is not 

fully developed throughout the region of occurrence as shown on the map. Recent 

work in Vermont shows that a very important part of the region has a profile in which 

the gray layer, lying normally beneath the raw humus, is not present. In such case 

the orterde lies at the top of the mineral soil, immediately beneath the raw humus, 

and it can not contain any accumulated iron oxide since the latter must come from 
an overlying layer of mineral soil. 

The most important soils in northern New England, considered from the agri¬ 

cultural standpoint, consist of what are shown on the soil map (pi. 5, sec. 1) as Caribou. 

Figure 6.—Profile of Lakewood sand, a Podzol, Monmouth County, N. J. 

9 It is doubtful whether a layer of organic matter as thick as a foot overlies any of the Podzols in the United States since these soils occupy the southern part of the Podzol region on the North American Continent, and soils representing the extremes of podzolic develop¬ 
ment are not present in the United States or they occur in small areas only. They seem to be better developed north of the international boundary in Canada. 

The normal orterde is rust brown and contains a higher percentage of iron oxide than the gray layer and usually also of organic matter. Both the iron oxide and organic matter have been carried down in solution from the overlying horizons the former from the gray 
layer and thelatterfrom the raw humus. It is a horizon of enrichment, therefore, the enrichment consisting mainly of iron oxide, organic matter, and alumina, but it may include other constituents. The gray layer, on the other hand, is a layer of impoverishment one from 
which material has been taken. 
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SOILS OF THE UNITED STATES 

An important area lies in northeastern Maine and a large one also in northern Ver¬ 

mont. A considerable part of the area in Maine has been worked out in detail, and 

the general characteristics of the soils are well known. The northern Vermont area has 

not yet been worked out. Recent work has shown the existence, however, of a group 

of soils not identical in character with the Caribou soils of Maine but similar to them. 

Ihe Caribou soils in Maine have a clearly defined Podzol profile, developed under 

a forest cover consisting of mixed conifers and deciduous trees, in which deciduous 

trees have been important and possibly dominant, the two most important species 

being sugar maple {Acer saccharum) and yellow birch (.Betula lutea). These soils 

ha\e developed from glacial drift consisting of material derived mainly from fine¬ 

grained and somewhat calcareous crystalline schists. The soil material is relatively 
fine in grain, the texture of the surface soil being loam. 

The soils in northern A ermont have also developed under a cover of mixed forest, 

with maple and birch constituting the dominant trees. They have developed from 

glacial drift derived from fine-grained crystalline schists which have some calcareous 

constituents in the form of lenses or in larger bodies. The soil material is somewhat 

heavier than that in the typical Caribou soils, and, partly because of this heavy 

texture, the Podzol profile is not well developed. The gray layer, or bleicherde, is 

absent over considerable areas, but the orterde is moderately well developed, begin¬ 

ning immediately at the top of the mineral soil. These soils are not members of the 

Caribou series and have not yet received a name, but as they are closely related to 

the Caribou they constitute part of a Caribou group. They occupy a region, both in 

Vermont and Maine, of rolling relief, decidedly less rough than the greater part of the 

area in which the Hermon soils of the New England region occur. They differ from 

the Hermon soils in their predominantly heavier texture, their higher lime content, 

m general their less leached condition, the less advanced stage of Podzol development, 

occurrence on smoother relief, and small content of stone. 

The Dekalb soils are Podzols, developed from sandstone and shale material in 

small areas on the highest parts of the Allegheny Plateau in New York, Pennsylvania, 

Maryland, and West Virginia. As shown on the soil map (pi. 5, secs. 1 and 8), 

they have been developed from material accumulated in part by glacial deposition 

and in part by residual decay of the country rock in place. The character of the 

material is essentially identical in both cases, and because of the relatively small 

area covered the soils were not differentiated into two series. The soils have a definite 

Podzol profile, though the gray layer is usually not thick. On the whole, it is as 

well developed as in the Podzol region. The forest cover is mixed, but mainly 

deciduous, and the layer of raw humus, as everywhere in the United States, is thin, 

ranging up to 4 inches, is relatively fine in grain, relatively dark in color, but is 

structureless. Sphagnum moss is present in but few places. 

In the southern peninsula of Michigan the soil material has been derived mainly 

from sedimentary rocks, and a large part of it within the Podzol region consists of 

sand. In addition to the sandy material and heavier ice-laid glacial drift distributed 

here and there, varying considerably in character, considerable areas of reddish heavy 

material are present, especially in belts lying along Lakes Michigan and Huron. 

This material is calcareous, contains a relatively high percentage of iron oxide, is 

relatively heavy, and is interpreted as a former lake deposit which was in some cases, 

if not in most, reworked by the ice and deposited as ice-laid material. This posi¬ 

tion of the material has not changed its character in any respect but has given the 

surface a different relief. In places where the reworking was very slight the relief 

is smooth, and the soil has been identified as Ontonagon. The Podzol profile is only 

slightly developed because of the heavy texture of the material as well as of the 

calcium carbonate content. It is apparent, however, that the carbonate content 

has been less effective in delaying podzolization than has the heavy texture, since it 

has been leached below the level of the soil profile. In most cases the bleicherde is 

only an inch or two thick and may consist of a mere film. The orterde can not 

usually be identified as such, and while there seems to be a slight accumulation of 

organic matter below the thin bleicherde, it has not been sufficient to cement the layer. 

In certain sandy areas, mapped as Ontonagon sandy loam, the bleicherde is thicker 

and organic material has been accumulated in the B horizon to a sufficient extent 
to cement it into an ortstein. 

As is true of the Hermon soils, the Ontonagon soils as shown on the map, include 

a number of soils, all, however, related to the Ontonagon in character. 

A large area of Sand occupies the central-northern part of the southern peninsula 

of Michigan, the whole area hung within the region where Podzol profile development 

is taking place. As is well known, Podzol profile development will take place in 

sand in a more southern latitude more readily than in material of heavy texture. 

This is well shown in New England where the Podzol profile is developed in southern 

New England on sandy areas but is not developed on the heavier textured soils. 

Such areas, however, are not shown on the map. That part of the map covering 

the central-northern part of the southern peninsula of Michigan shows the area 

merely as Sand, and this sand is not differentiated from sands in other parts of the 

United States. Because of the small scale of the map it was not advisable to attempt 

to differentiate sands into the different kinds in most regions. In detailed mapping 

this Sand area, a large part of which has been covered, has been differentiated into 

several soil series, but they can not be shown on the soil map. (PI. 5, sec. 2.) 

Associated with the Sand in both the southern and northern peninsulas of Michi¬ 

gan, the map shows a considerable total area of Hermon, a smaller area of Ontonagon, 

and a still smaller area of Summerville soils, consisting of a thin layer of soil material 

overlying rock. The Podzol profile has not been developed in the latter but is mod¬ 

erately developed in the other two. 

In northern Wisconsin, the Ontonagon soils cover a large part of the region, 

the Hermon a larger part, while in the central part of that State, lying practically on 

the extreme southern boundary, if not actually stretching over the southern boundaiy 

of the Podzol region, is a large area covered by the Spencer soils. The Spencer 

soils have developed from light-colored glacial materials on smooth relief, so smooth 

that under natural conditions surface drainage was not perfect. They have a mod¬ 

erately well-developed Podzol profile, but because of the heaviness of the material 

the B horizon, or orterde, has not been well developed. They are in a similar stage 

of development as that of the Ontonagon soils. 

In northern Minnesota two important soil series are shown on the map, the 

Beltrami (fig. 7) and the Hermon. The Hermon soil in this State is essentially iden¬ 

tical with that in northern Wisconsin and Michigan and similar but not identical 

with the Hermon soils in New England. The Beltrami soils have been developed 

from highly calcareous glacial drift. The area shown as Beltrami soil on the map 

consists of Beltrami and a number of associated soils, such as the Taylor and Nebish 

soils. All of these, however, have been derived from calcareous glacial drift and have 

been differentiated one from the other partly on the basis of profile development, 

partly on the presence of lime in the parent material, and partly on the color of the 

soil. Fundamentally and in general characteristics they are similar. They are all 

Podzol soils developed from relatively fine grained material in which the Podzol 

profile is better developed than on similar material in any other part of the United 

States with the possible exception of the Caribou. The layer of raw humus over- 

lying the surface is thin, as elsewhere in the United States. 

So far as is now known, with the possible exception of certain areas in the higher 

mountain regions of northern Maine or the mountains of the West, there is no 

such accumulation of raw humus in the Podzol region of the United States as 

in northern Europe. The layer is rarely thicker than 3 inches. In the Beltrami 

soils the bleicherde or gray layer, is well developed, attaining a thickness of 

about S inches, the upper 2 or 3 inches being colored dark by the incorporation 

of organic matter. The B horizon is a moderately well developed dark-browm or 

brown orterde about 12 inches thick. This is underlain by the parent calcareous 
glacial material. 

It is well known that Podzol soils occur in the high mountains of the Rocky 

Mountain region, at least from Colorado northward, but none of this region has been 

mapped. Such areas of Podzol soils are not shown on the map. It is apparent that 

in the northwestern part of the United States, except in the higher parts of the 

Cascade and Olympic Mountains, Podzol soils do not occur. Although the region 

contains the most luxuriant forest growth of any part of the United States, a 

considerable amount of forest debris has accumulated on the surface. This debris 

overlies a brown or grayish-brown soil which seemingly does not contain precipitated 

organic matter like the incipiently developed Podzols of New England. Chemical 
analyses have not yet de¬ 

termined whether this 

brown soil is entirely satu¬ 

rated with bases or not. 

In various parts of the 

southeastern United States, 

soils in flat areas where the 

water table stands near the 

surface have developed a 

podzollike profile. This 

profile is a ground-water 

profile and is not a normal 

Podzol profile. 

COMPOSITION OF 
THE PODZOL SOILS 

The chemical and me¬ 

chanical composition of 

seven Podzol soils collected 

from widely distributed 

localities throughout the 

Podzol region are shown 

in Tables 1 to 14. They 

include soils from Becket 

fine sandy loam (Hermon), 

Caribou loam, Ontonagon 

silt loam, Hibbing loam 

(Hermon), Taylor clay 

loam, Beltrami silt loam, 

and Dekalb stony loam. 

In each case the Podzol 

profile is moderately well 
developed. The Becket 1 H,LRE '■ “Profile of Beltrami silt loam, a Podzol developed from calcareous parent 

. ...... , „ material and covered by hardwood forest, in northern Minnesota 
analysis includes m the first 

horizon the raw humus and the upper dark-colored part of the gray layer, or A1 

horizon. In none of the other soils was the raw humus analyzed. 

The signs a, b, c, and d used in the chemical-analyses tables throughout the Atlas 

indicate {a) whole-soil, oven-dried at 110° C.; (6) whole-soil, calculated to mineral 

constituents only; (c) colloid, oven-dried at 110° C.; {d) colloid, calculated to mineral 
constituents only. 

Table 2.—Composition of Becket fine sandy loam, Washington, Mass.1 

Chemical 2 

Sample 
No. 

Hori¬ 
zon Depth 

Si02 Ti02 Pe203 AI2O3 MnO CaO MgO 

Inches P. ct. P. ct. P. ct. P. ct. P ct. P. ct. P. ct. 
f“52. 95 0. 66 1. 08 7.04 0.01 0. 90 0.15 

35887- Ai 0- 6 ) ‘80. 71 1.00 1. 64 10. 73 .01 1.37 .22 
1 c10. 58 .49 3. 64 5. 99 .02 .65 .31 
1*43. 84 2.03 15.10 24.80 .08 2.69 1.28 
f“83. 32 .90 1.69 6. 73 .01 .54 .18 

35888, . A *> 6-11 J ‘85. 67 .92 1.73 6. 92 .01 .55 .18 
1 ‘38. 39 1.48 5.55 20.26 .02 .40 1.03 
1*54. 30 2. 09 7. 84 28. 70 .03 .57 1.45 
“69.60 .79 3. 99 9.61 .01 .65 .33 

35889 Bi 11-13 J ‘78. 42 .89 4. 49 10.83 .01 .73 .37 
1 ‘13. 40 .90 22. 38 12. 02 .10 .32 .65 
1*25. 72 1.73 42. 95 23. 06 .19 .61 1.24 
“72. 67 .70 3. 58 10.32 .02 .62 .41 

35890 b2 13-24 ) ‘78. 39 .75 3. 86 11.12 .02 .66 .44 
I c21. 56 .74 13. 02 20. 06 .06 .16 1.18 
1*35. 80 1. 49 21. 60 33. 30 .10 .26 1.96 

“77. 86 . 53 3.15 10. 00 .03 .54 .48 
35891 c 24-36 J ‘79. 83 .54 3.23 10.26 .03 .55 .49 

] ‘34. 31 .72 11. 00 27.55 .01 .17 2.10 
[*42.18 .88 14.24 33.80 .01 .21 2.58 

K20 

P. ct. 
2.06 
3.14 
.49 

2.03 
2.89 
2. 97 
2. 51 
3.54 
3. 41 
3.84 
.83 

1.59 
3.45 
3. 72 
1.98 
3.29 
3. 79 
3.88 
4. 10 
5.02 

Na20 

P. ct. 
0. 40 
.60 
.25 

1.03 
.46 
.47 
.24 
.34 
.46 
.52 
.12 
.23 
.67 
.72 
.28 
.46 
.55 
.56 
.25 
.30 

P2O5 

P. ct. 
0.13 
.19 
.31 

1.28 
.04 
.04 
.25 
.35 
.08 
.09 
.60 

1.15 
.08 
.09 
.37 
.61 
.08 
.08 
.18 
.22 

SO3 

P.ct. 
0. 36 
.54 
.99 

4.10 
.13 
.13 
.23 
.32 
.20 
.23 
.44 
.84 
.14 
.15 
.35 
.58 
.13 
.13 
.19 
.23 

Igni¬ 
tion 
loss 

P. ct. 
34. 40 

75.87 

"2.'75" 

29.25" 

1L25" 

47.90 

"7.27" 

39.78 

~2.~54" 

18782" 

Total 

P. ct. 
99.84 

100.15 
99. 51 
98. 26 
99.64 
99. 59 
99.61 
99. 53 

100. 68 
100. 42 
99. 66 
99.31 
99. 93 
99. 92 
99. 54 
99.45 
99.68 
99.58 

100. 00 
99. 67 

P. ct. 
1. 04 

.05 

.14 

.09 

P.ct. 

1 Collected by W. J. Latimer. 
2 Analyzed by G. Edgington and G. J. Hough. 
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Table 2.—Composition of Becket fine sandy loam, Washington, Mass. Continued 

Mechanical1 

Sample No. 
Hori¬ 
zon 

Depth 
Fine 

gravel 
(diam¬ 

eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

35887 _ Ai 
Inches 

0- 6 
Per cent 

3.1 
Per cent 

10.5 
Per cent 

8.2 
Per cent 

25.3 
Per cent 

22.0 
18.3 
18.4 
19.5 
19.1 

Per cent 
27.1 
33.8 
31.6 
32.0 
26.2 

Per cent 
3.8 

Per cent 
100.0 
98.0 

100.1 
99.9 

35888 -- _ -- A2 6-11 2.6 5.9 7.2 23.2 
10.6 
9.5 
8.9 

35889 __ Bi 11-13 2.5 5.8 7.4 23.8 

35890 __--- b2 13-24 3.3 5.8 7.3 22. 5 

35891 _ --- - C 24-36 3.4 6.8 8.4 25. 8 

3 Analyzed by L. T. Alexander and H. W. Lakin. 

Table 3.—Chemical composition of Caribou loam, Houlton, Me.1 2 

Horizon Depth Si02 Ti02 Fe203 AI2O3 MnO CaO MgO X20 Na20 P205 SOs 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

P. ct. Per cent P. ct. P. ct. P. ct. P. Ct. P. ct. P. ct. Per cent P. ct. Per cent P. ct. P. ct. 

J«79 11 0. 85 1.12 9. 57 0. 01 0. 20 0. 44 1.32 1.20 0.11 Trace. 6. 07 100.00 0. 12 
\o 1 4 \*>84. 25 

fafi3 fiO 
.90 
„ 82 

1.19 
5.11 

1 28 12 100. 02 

12. 71 .03 .19 1. 06 1.37 L 32 .10 0.04 13.65 100. 00 .26 — 

B_ 4- 8 \673 66 .95 5.92 14. 72 .03 .22 1.23 1.59 1.53 .12 .05 _ 100. 02 — — 

fa66 71 .82 5.10 14. 00 .04 .13 1.48 1.70 1.39 .07 .02 8.54 100. 00 . 15 
Ci. 8-12 \*>72 95 . 90 5.58 15. 31 .04 .14 1.62 1.86 1.52 .08 .02 — 99. 99 — — 

f«67 38 . 81 5.82 14. 72 .10 .14 1.93 2. 24 1. 58 .06 Trace. 5. 30 100. 08 .07 
C2_ 18-36 +71. 15 .85 6.14 15.54 .10 .15 2.03 2 36 1.66 .06 Trace. 100. 04 

i Collected by L. A. Hurst. 2 Analyzed in the division of soil chemistry. Bureau of Soils, Mar. 22, 1918. 

The podzolic character of the profile is brought out in each of the analyses by the 

high content of silica and low content of alumina, iron oxide, and organic matter in the 

A2 horizon and the reverse condition in the B horizon. The content of these con¬ 

stituents in the C horizon varies with the character of the parent material. In some 

cases that of silica is higher than in the B horizon and in some lower, depending on the 

content of silica in the original material from which all the horizons were developed. 

The concentration of organic matter in the B horizon, constituting the orterde, is 

shown both in the high loss on ignition in this horizon and the high content of nitrogen. 

In Becket fine sandy loam (Table 2), the percentage of organic matter in the B 

horizon is about 3.0, that in the A2 horizon, or bleicherde, is about 1.0. This relative 

percentage in the two horizons is about the same in Caribou loam (Table 3) also. 

In the latter the percentage of alumina in the B horizon is 14.72, but in the A2 horizon 

it is only 10.19, an apparent increase in the B horizon of about 50 per cent. In iion 

oxide the apparent increase in percentage in the B horizon over that in the A2 horizon 

for the same soil is from 1.19 to 5.92, about 400 per cent increase. 
Ontonagon silt loam has developed from reddish lake-laid silty clays and has 

developed the Podzol profile slowly because the material is heavy. The concentration 

of organic matter expressed in ‘‘loss on ignition” in Table 4, in the B horizon is small 

in amount but definite. There is also an apparent concentration of both iron oxide 

and alumina when compared with A, but actually a lower percentage than in C. 

The concentration of CaO in the organic matter, the A0 horizon, is well defined. 

Table 6.—Composition of Taylor clay loam, Itasca County, Minn.1 

Sample 
No. 

Hori¬ 
zon Depth 

321502_. At 

Inches 

3- 4 

321503 __ A2 5-10 

321504._ B 11-18 

321505. C 19-36 

Chemical2 

Si02 

P. ct. 
+58. 99 
\ b70. 67 
+73.00 
+75. 75 
+65. 02 
+68.95 
+ 53.14 
+59. 87 

TiOs 

P.ct. 
0. 75 
.90 
.41 
.43 
.76 
.81 
.66 
.74 

F e2C>3 

P.ct. 
4.50 
5. 39 
3. 38 
3.57 
5. 34 
5. 66 
5.26 
5. 92 

AI2O3 

P. ct. 
13.00 
15.57 
12.66 
13.13 
16.63 
17.63 
14. 62 
16. 47 

MnO 

P. ct. 
0.18 
.22 
.17 
.18 
.18 
.19 
.14 
.16 

CaO 

P. ct. 
1.57 
1.88 
1.42 
1.47 
1.03 
1.09 
7. 00 
7.88 

MgO 

P.ct. 
1.30 
1. 56 
1.05 
1.09 
1.66 
1.76 
3. 72 
4.19 

K2O Na20 

P.ct. 
2.15 
2.57 
2.71 
2.81 
2.48 
2. 63 
2.19 
2.47 

P. ct. 
1.18 
1.41 
1.67 
1.73 
1.20 
1.27 
1.01 
1.14 

P2Os SOs 
Igni¬ 
tion 
loss 

Total N 

C02 
from 

carbo¬ 
nates 

P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. 

0.17 
.20 

0.12 
.14 

16.53 100. 44 
100. 48 

0. 440 — 

.01 

.01 

.17 

.08 

.08 

.05 

3. 64 100. 20 
100.16 

.074 — 

5.70 100. 22 . 120 
.18 .05 100. 22 _ _ 

. 11 .06 11. 20 99.11 .050 7.59 

.12 .07 — 99.03 

Sample No. 

321502 
321503. 
321504 
321505 

Hori¬ 
zon 

Ai 
Aj 
B 
C 

Depth 

Inches 
3- 4 
5-10 

11-18 
19-36 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 
mm) 

Per cent 
0 
0 
0 
0 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Per cent 
0.3 
.0 
.1 
.0 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Per cent 
0.4 
.1 
.2 
.2 

Per cent 
3.0 
2.1 
1.2 
.7 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Per cent 
9.8 
7.3 

4.4 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Per cent 
39.1 
76.9 
44.1 
42.4 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Per cent 
47.6 
13.6 
45.5 
52.3 

Total 
mineral 
constit¬ 
uents 

Per cent 
100.2 
100.0 
100.0 
100.0 

1 Collected by Mark Baldwin. „ „ , 
2 Analyzed by G. Edgington, G. J. Hough, and R. S. Holmes. 
3 Analyzed by J. B. Spencer. 

Hibbing loam (Table 5) has a higher percentage of loss on ignition in the B 

horizon than in the A2 horizon, but the composition of Ai and A0 were not deter¬ 

mined. It has, however, the typical Podzol profile. There is also a higliei pei- 

centage of both alumina and iron oxide in B than in A, but as in Ontonagon silt 

loam the percentage in C is higher than in B. The percentages of alkalies and 

alkaline earths is high compared with the Ontonagon soil but does not change 

significantly from horizon to horizon. 
Taylor clay loam (Table 6) has developed from calcareous material. Loss on 

ignition is higher in B than in A2 but much lower than in C. This is due to the 

presence of calcium carbonate in the latter, the percentage of C02 from caibonates 

being 7.59. The percentage of MgO is high in C also. 
The percentage of alumina in B is higher than that in both A and C, but owing 

to the presence of carbonates in C this does not necessarily indicate concentration 

of alumina in B. When the excess of calcium carbonate in C above that in B is 

calculated out, the percentage of alumina in C is almost exactly the same as that 

in B. 
Beltrami silt loam (Table 7) like Taylor clay loam, has developed from calcareous 

parent material, the percentage of carbonates in C being twice as high as in the 

latter. Where the excess of this substance is calculated out, the B and C horizons 

do not differ widely in their alumina and iron oxide percentages. Horizon B has 

a higher percentage of loss on ignition than A which in this case includes Ai and A2. 

The high loss on ignition in C is due to the presence of carbonates and not to organic 

matter. 
Table 7.—Composition of Beltrami silt loam, Beltrami County, Minn.1 

Table 4.—Composition of Ontonagon silt loam, Union Bay, Mich.1 

Sample 
No. 

Hori¬ 
zon Depth 

Chemical2 

Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO k2o Na20 P205 SOs 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

301601_ 

301606_ 

301607.... 

301608_ 

Ai 

a2 

B 

C 

Inches 

0- 3 

3- 8 

8-24 

2+40 

P.ct. 
jo 32. 30 
+81.74 
+82. 84 
+85. 30 
+75. 33 
+78.38 
+70. 75 
+73.41 

P. ct. 
0.16 
.40 
.91 
.94 
.94 
.98 
.80 
.83 

P. ct. 
0.98 
2. 48 
1.84 
1.89 
3.41 
3. 55 
4. 72 
4. 90 

P. ct. 
3.16 
7. 99 
7. 56 
7.78 

10. 42 
10.85 
13. 32 
13. 82 

P.ct. 
0. 02 
.04 
.02 
.02 
.05 
.05 
.07 
.07 

P.ct. 
0. 95 
2.40 
.30 
.31 
.84 
.87 
.80 
.83 

P. ct. 
0. 02 
.05 
.08 
.08 
.71 
.74 

1.50 
1. 56 

P. ct. 
0.89 
2. 25 
2.06 
2. 12 
2. 20 
2. 29 
3. 34 
3. 47 

P. ct. 
0. 49 
1.24 
1.49 
1. 53 
1.76 
1.83 
1.37 
1.42 

P. ct. 
0. 01 
.03 
Tr. 
Tr. 
.02 
.02 
Tr. 
Tr. 

P. ct. 
0. 25 
.63 
.04 
.04 
.06 
.06 
.05 
.05 

P.ct. 
60.48 

""2.92" 

"3. 91 

3.62" 

P. ct. 
99. 71 
99. 25 

100. 06 
100. 01 
99. 65 
99. 62 

100. 33 
100. 36 

P. ct. 
0.986 

"+062~ 

~."062~ 

"."622" 

P. ct. 

Sample No. 
Hori¬ 
zon Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

301601_ 
301606--- 
301607_ 
301608_ 

Ai 
A2 
B 
C 

Inches 
0- 3 
3- 8 
8-24 

24-40 

Per cent 
0.6 
.7 
.2 
.4 

Per cent 
22.0 

.7 

.4 
1.6 

Per cent 
7.3 
.4 
.4 

2.3 

Per cent 
32.1 

1.8 
2.4 

14.0 

Per cent 
5.7 

10.7 
28.2 
15.3 

Per cent 
14.8 
78.6 
57. 5 
38. 3 

Per cent 
17.4 
7.0 

10.6 
28.1 

Per cent 
99.9 
99.9 
99.7 

100.0 

1 Collected by W. D. Lee. 2 Analyzed by G. Edgington. 3 Analyzed by A. A. Riley. 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe2(>3 AI2O3 MnO CaO MgO K20 Na20 P2O5 SOs 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P.ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. 

r*8i. 34 0. 38 1.77 9. 46 0. 04 1.74 0. 72 2. 02 2.00 0. 08 0. 03 1. 18 100. 76 0. 020 
321207.__ A 0-10 +82. 98 .39 1.80 9. 65 .04 1.77 .73 2. 06 2.04 .08 .03 _ 100. 80 ___ _ 

r«66. 30 .62 6. 38 15. 44 .08 1.68 1.66 2. 51 1. 28 .14 .05 4. 55 100. 69 .080 
321208.-- B 10-22 +69. 48 .65 6. 68 16.18 .08 1.76 1.74 2. 63 1.34 .15 .05 100. 64 

+63. 86 .61 4. 47 13. 34 .08 4. 34 2. 94 2. 30 1. 15 .15 .04 7.60 100. 88 .050 _ 
321209--. Ci 22-30 +69.11 .66 4. 84 14. 43 .09 4.70 3.18 2. 38 1.24 .16 .04 _ 100. 83 _ _ 

+46. 77 .34 3. 06 9. 10 .07 15. 25 5. 10 1.55 .82 .10 .06 17. 83 100. 06 .033 15. 26 
321210.__ C2 30-36 +56.91 .41 3.72 11.07 .09 18. 55 6. 21 1.89 .99 . 12 .07 — 100. 04 — — 

Sample No. 
Hori¬ 
zon Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 
321207_ A 0-10 1.5 6.6 5.2 27.5 24. 7 30.3 4.2 100.0 
321208 _ -_- B 10-22 1.3 8.6 6.1 23.6 7.1 29.3 24.0 100.0 
321209_ Ci 22-30 1.2 6.3 4.9 18.4 9.7 37.4 22.1 100.0 
321210_ C2 30-36 1.1 3.5 2.5 11.4 8.4 45.4 27.6 99.9 

1 Collected by C. N. Mooney. 
2 Analyzed by G. Edgington and G. J. Hough. 
3 Analyzed by A. A. White. 

Table 5.—Composition of Hibbing loam, Hibbing, Minn.1 

Sample 
No. 

Hori¬ 
zon Depth 

Si02 

Inches P. ct. 

28514... A2 0- 4 +77.89 
+80.78 

28515... B 4- 8 +72. 58 
+75. 64 

28516.- Ci 8-30 +71.24 
+73.20 

28517... C2 30+ 
+64. 05 
+66. 56 

Chemical2 

Ti02 

P.ct. 
0.69 
.72 
.65 
.68 
.73 
.75 
.80 
.83 

Fe203 

P.ct. 
1.82 
1.89 
3. 44 
3. 59 
4. 39 
4. 51 
6. 80 
7.06 

ALO3 

P. ct. 
9. 52 
9. 87 

11. 52 
12. 01 
13. 51 
13. 88 
15. 78 
16.40 

MnO 

P. ct. 
0. 02 

.03 

.04 

.04 

.08 

.08 

.11 

.12 

CaO 

P. ct. 
1.39 
1.44 
1.87 
1.95 
1.62 
1.66 
1.67 
1.74 

MgO 

P. ct. 
0. 45 
.47 
.82 
.85 

1.26 
1.29 
1.58 
1.64 

K20 Na20 

P. ct. 
2.11 
2.19 
1.43 
1.49 
2. 34 
2. 40 
1.46 
1.52 

P.ct. 
2.53 
2. 62 
3. 01 
3. 14 
2. 56 
2.63 
2. 67 
2.77 

P205 

P.ct. 
0.15 

.16 

.23 

.24 

.20 

.21 

.18 

.19 

SOs 

P.ct. 
0.11 
.11 
.12 
.13 
.13 
.13 
.10 
.10 

Igni¬ 
tion 
loss 

P. ct. 
3. 59 

4.07 

"2" 67 

3. 77 

Total 

P. ct. 
100. 27 
100. 28 

99. 78 
99. 76 

100. 73 
100. 74 
98. 97 
98. 93 

C02 
from 

carbo¬ 
nates 

P. ct. 
0. 073 

.090 

'."023 

.017 

P. ct. 

Sample No. 

28514. 
28515. 
28516. 
28517- 

Hori¬ 
zon 

A2 
B 
Ci 
C2 

Depth 

Inches 
0- 4 
4- 8 
8-30 

30+ 

Meehanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 
0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

0.6 2.0 2.1 15.6 28.8 44.0 6.8 99.9 
.5 2.0 2.2 15.6 33.1 37.7 8.7 99.8 

3.0 7.6 5.2 19.7 17.7 37.0 10.1 100.3 
1.4 3.7 2.5 9.4 12.5 37.8 32.6 99.9 

1 Collected by C. F. Marbut. ^ ,AOA 
2 Analyzed in the division of soil chemistry, Bureau of Soils, Oct. 13, 1920. 
3 Analyzed by A. A. Riley. 

Table 8.—Composition of Dekalb stony loam, Lycoming County, Pa.1 

Sample 
No. 

28763.. .. 

28764.. . 

28765.. .. 

28766.__ 

Hori¬ 
zon 

A2 

Bi 

B2 

c 

Chemical2 

Depth 

Si02 Ti02 Fe20s AI2O3 MnO CaO MgO K20 Na20 p2o5 SOs 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 

0-+ 
+80. 71 1.13 2. 44 8. 23 0.01 0.22 0. 32 0. 87 0. 61 0. 03 0.03 6.04 100. 64 0. 100 
+85.89 1.20 2. 60 8. 76 .01 .23 .34 .93 .65 .03 .03 100. 67 

1+3 +66. 28 .97 6.16 14.15 .01 .37 .47 1.38 .70 .04 .03 9. 82 100. 38 . 120 
+73. 49 1.08 6. 83 15.69 .01 .41 .52 1.53 .78 .04 .03 100. 44 
+67. 74 .96 4. 92 15. 94 .01 .35 .55 1.78 .90 .03 .02 7. 57 100. 77 . 110 
+73. 22 1.04 5.32 17. 24 .01 .38 .59 1.94 .97 .03 .02 100. 79 _ „ +63. 86 .96 6. 51 19.12 .08 .41 .49 2. 49 .73 .02 .01 6. 26 100. 94 .040 
+68.10 1. 02 6. 95 20. 38 .09 .44 .52 2. 66 .78 .02 .01 — 100. 97 — 

Sample No. 
Hori¬ 
zon Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
28763_ A2 0- iy2 1.0 7.9 7.9 16.8 10.1 46.4 10.3 100.4 
28764_ Bi iyr 3 1.6 5.7 5.0 14.2 12.8 45.5 15.3 mi 
28765_ b2 3-12 2.0 7.0 4.8 11.2 10.1 49.8 15.6 100.5 
28766_ C 12-36 3.0 5.2 2.5 9.0 11.1 43.6 25.7 mi 

1 Collected by C. F. Marbut. 
2 Analyzed by G. J. Heugh. 
3 Analyzed by V. Jacquot. 
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Dekalb stony loam (Table 8) has been developed from carbonate-free materials. 

The percentage of loss on ignition is much higher in B than in A or C, the Podzol 

profile in this case not being obscured by the presence of carbonates. Alumina and 

iron percentages are higher in B than in A but lower than in C. 

While an apparent increase of alumina in the B horizon is consistent throughout 

all the samples analyzed, an actual increase has not necessarily taken place. An 

apparent increase may take place through the removal of alumina from the A2 horizon 

even though none of the removed material be deposited in the B horizon. The matter 

is not cleared up by comparing the percentage in the B horizon with that in C since 

an apparent concentration in B as compared with C may take place through the 

removal of silica from the B horizon by decomposition of the silicates instead of by 

an accumulation of alumina. 

A better expression of the changes which have taken place in the horizons through 

the processes of soil development is obtained by determining the molecular ratio of 

silica to alumina in each of the horizons after calculating analyses to a mineral basis 

(free from volatile and combustible matter). This ratio is used by Harrassowitz (8) 

in determining the extent of kaolinitic and lateritic decomposition that has taken place 

in the decomposition of rocks to clays. In this publication this and two other ratios 

are used to determine the changes that have taken place in the transformation of the 

soil material (the decomposed product) into the several horizons of the soil profile. 

The silica-alumina ratio of the three principal horizons, A, B, and C, when com¬ 

pared, expresses the result of two changes that may have taken place. One of these 

is the result of differential decomposition of silicate minerals in the three horizons. 

After the A horizon has become moderately well defined in its characteristics its 

silicate minerals presumably are more thoroughly decomposed than those of the other 

horizons. The progressive decomposition of the latter and the resulting removal of 

silica will express itself in a different silica-alumina ratio. The other difference is the 

result of a shifting of alumina from the A horizon and its accumulation in B. This 

will be expressed in this ratio in all soils that still contain undecomposed minerals, 

either quartz or silicates, provided there be no change in composition of the alumina 

compounds at the time of the shift. There seems to be no means, with the data avail¬ 

able, of determining how much of the difference in any case is the result of one process 

and how much the result of the other. 

Harrassowitz (8) designates the molecular ratio of silica to alumina in either 

the rock or the decomposed product by the letters ki, that of the sum of the mole¬ 

cules of CaO, K20, and NazO to those of alumina in the same material by the 

letters ba. In this discussion a comparison is being made between the several 

horizons of the soil profile rather than between the rock and the products of its 

decomposition. In the latter case the extent to which the removal of material has 

taken place is measured. In this discussion a measure of the changes that have 

taken place in the transformation of decomposed, or at least unconsolidated, rock 

materials to soils is being sought. These changes include not merely the loss of 

materials but also the shifting of materials from one horizon or layer in the soil 

profile to another. 
The molecular ratios of silica to alumina in these several layers are exactly 

the same as those used by Harrassowitz (8), but since they are not interpreted in 

exactly the same way and are not used for obtaining excatly the same information 

the ki ratio is here designated as the sa ratio. Another ratio which seems significant 

in the study of the shifting of materials, which has taken place in the processes of soil 

development, is that of the molecular ratio of silica in a given material to the iron 

oxide in the same material. This ratio has not hitherto been used in the interpre¬ 

tation of tables of chemical analyses of soils, but it seems to be of considerable value. 

It will be used, along with other ratios in the following discussions, and will be 

designated as the sf ratio. 
The molecular equivalent composition in Si02, Fe203, A1203, and in some cases of 

the combined alkalies and alkaline earths has been used in the following pages also. 

In the processes of soil development the most significant changes in the materials 

concern the sesquioxides, silica, and the alkalies and alkaline earths. This being the 

case the effect of the processes can best be seen in the relationships to each other of 

these constituents in the A, B, and C horizons. The molecular equivalent composi¬ 

tion, computed to show these changes, has been computed for these three substances 

only, except in special cases where that of the combined alkalies and alkaline earths 

is desired. The molecular equivalent figures have not been calculated to 100. The 

significant matter with regard to them is the relations of these figures for each substance 

in the several horizons of the soil and not the interrelations of substances themselves. 

Since a low sa ratio in the B horizon and a high ratio in the C can be due either 

to a more advanced stage of decomposition of the feldspars and the consequent greater 

loss of silicate silica in the B horizon than in the C, or to a concentration of the alumina 

in the B horizon through illuviation, practically the same ratio for both horizons 

shows that neither process has been operating in the Becket profile. (Table 9.) Such 

eluviation, or translocation of material from the A to the B horizon, as has taken 

place has affected other constituents rather than the alumina. The complete analysis 

shows that the B horizon is one of organic-matter concentration when compared with 

either the A2 or C horizons. 

Table 9.—Becket fine sandy loam, Washington, Mass. 

Sample No. Horizon 
Depth in 

inches 

Ratios 
Molecular equivalent 

composition 

sa sf ba Si02 Fe2C>3 A1203 

6-11 20.50 131. 20 0. 725 1.422 0.109 0.0678 

Bi 11-13 12. 30 46. 28 .585 1.306 .028 .1062 

35891_ c 24-36 13. 24 65. 54 .523 1.300 .020 .1003 

The sa ratio indicates that no decomposition of feldspars has taken place in the 

B horizon since the accumulation of the soil material took place, or during the period 

of soil profile development, and presumably none of any minerals. The silica-iron 

oxide or sf ratio shows by the pronounced differences in the three horizons that the 

translocation of oxide iron has been considerable. This ratio in the three horizons 

shows a wide difference between the A2 and B horizons and an important one between 

the B and C. It is clear from these figures that the Becket Podzol is an organic 

matter-iron oxide Podzol in which very little shifting of alumina has taken place. 

The molecular ratio of the sum of the lime, potash, and soda to the alumina, a ratio 

used by students of rock decomposition and especially by Harrassowitz (8), is sug¬ 
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gestive also but not highly important in the interpretation of shifting and accumula¬ 

tion of material, since the concentration of these constituents, in any of the horizons 

of the soils of the Pedalfer group, is slight and apparently not a consistent process in 

podzolic development. It is important, however, as an expression of the amount of 

leaching that has taken place. 

Colloid material was extracted from the same samples of Becket fine sandy loam, 

discussed in the preceding paragraph, by Anderson and Byers (1) of the Bureau of 

Chemistry and Soils, by the methods in general use in this bureau, and subjected to 

chemical analysis. The results are shown in Table 2. The several ratios, sa, ba, 

and sf, for the colloid are shown in Table 10. 

Table 10.—Colloid of Becket fine sandy loam, Washington, Mass. 

Sample No. Horizon 
Depth in 

inches 

Ratios Molecular equivalent 
composition 

sa sf ba Si02 Fe2C>3 AI2O3 

35888_ A 2 6-11 3.2 18. 33 0.19 0. 636 0. 035 0.198 
35889_ B, 11-13 1.89 1.58 . 14 .222 . 140 . 117 
35890_ Bo 13-24 1. 82 2. 75 . 14 .357 .082 . 196 
35891_ c 24-36 2.12 3.19 .19 .569 .073 .269 

The content of silica in the colloid of the bleicherde, or A2 horizon, is very high. 

In the A2 horizon of the whole soil, sa (Table 9) is about 70 percent higher than 

in the B horizon. In the colloid, however (Table 10), it is 100 per cent higher. A 

possible explanation of this relationship is found in the assumption that the colloid 

of the B horizon has been more thoroughly hydrolyzed and has lost, therefore, a greater 

proportion of its silica than has that in the A horizon. This is suggested by Anderson 

and Byers (f). Another possibility is the presence in the A2 horizon of a quantity 

of quartz in particles of colloidal size. This latter is rather confirmed by comparing 

the ratios (sa) in the B, and C horizons. These are so nearly the same as to suggest 

strongly the conclusion that the B horizon is not only one lacking alumina accumula¬ 

tion, but they also suggest that the colloid in the C horizon is in essentially the same 

stages of decomposition as in the B horizon, so far as the aluminum silicate minerals 

are concerned. This is the same conclusion as that drawn from the relationships of 

these horizons based on the composition of the whole soil. 

The ba figures for the three horizons indicate a lower content of alkalies and cal¬ 

cium (magnesia not included in the computation) in the B horizon, than in A2 or C. 

These constituents in A2 and C are contained partly in undecomposed primary min¬ 

erals and are partly absorbed on colloids. B is a horizon of high organic matter and 

iron hydroxide and has not absorbed these elements strongly. 

The sf ratios for the three horizons have the same relative succession or order of 

values as in the whole soil, but the proportional values in the several horizons are not 

identical. The succession of values for the three successive horizons of 18, 1.6, and 

3.2 in the colloid, compared with 131, 46, and 65 in the soil, indicate a much higher 

concentration of iron oxide in the B horizon of the colloid than in that of the whole 

soil. It is to be expected that this accumulation would be shown more clearly by the 

colloid composition than by that of the whole soil since presumably shifting of material 

has concerned the colloid mainly. The ratios for the colloid point to the same con¬ 

clusion as those in the whole soil, namely, that Becket fine sandy loam is a Podzol in 

which translocation of material from the A to the B horizon has affected the iron oxide 

and organic matter mainly and the alumina to a very slight extent. 

In Caribou loam (Table 11) the ratios show greater differences than in the 

Becket soil but they are mainly between the A2 and B horizons. In the B and C2 

horizons, sa is 8.50 and 7.78, respectively, the difference being about the same as in the 

same horizons of the Becket soil but in the opposite direction. The B horizon has a 

higher figure for sa than the C. The difference is so small, however, that no definite 

conclusion can be drawn. It is possibly merely a small difference in character of 

material. The difference between the A2 and B horizons is much larger and indicates 

a concentration of silica, due to the removal of feldspathic decomposition products 

through eluviation or to the presence of a sandy surface cover. The latter is improb¬ 

able. The explanation seems to lie in the removal of alumina from the A horizon, 

but the B horizon seems not to have received it. In the same way the silica-iron 

ratios show the removal of the iron from the A2 horizon, but the ratio in the B horizon 

does not indicate any concentration over that contained in C2. The Caribou loam 

seems to be a humus Podzol, not, however, the kind defined by Frosterus (6), in which 

both iron and alumina have been removed from the A horizon, but the removed material 

has not been deposited in the B horizon. 

Table 11.—Caribou loam, Houlton, Me. 

Horizon 
Depth in 

inches 

Ratios 
Molecular equivalent 

composition 

sa sf ba Si02 Fe203 AI2O3 

1- 4 
4- 8 

18-36 

14.05 
8.50 
7.78 

187. 62 
32.97 
30. 70 

0. 394 
.315 
.358 

1.402 
1.227 
1.185 

0. 0074 
.0371 
.0038 

0. 0999 
. 1444 
. 1525 

B _ 
C2 _ 

The Hibbing loam profile is unusual because of the presence of an indurated layer 

below 30 inches. This is not the parent material of the A2 and B horizons so that com¬ 

parison of the composition of the latter with this horizon would not be significant. 

The high content of alumina and iron oxide in this layer is not significant in soil 

development. The ratio (Table 12) in this indurated horizon shows a much higher 

content of alumina than in the A2 or B horizons. The silica-iron oxide ratio shows a 

high content of iron oxide also. 

Table 12.—Hibbing loam, Hibbing, Minn. 

Sample No. Horizon 
Depth in 

inches 

Ratios 
Molecular equivalent 

composition 

sa sf ba Si02 Fe2C>3 AI2O3 

28514_ A2 0-4 13.91 113. 30 0.933 1.345 0. 0118 0.096 
28515_ B 4-8 10. 70 55. 84 .794 1.261 .0225 . 117 

28517_ C2 30+ 6. 90 24.98 .572 1.109 .0442 .160 
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Beltrami silt loam has developed from calcareous material. The Podzol profile 

is well developed, but the sa ratios for the A, B, and C horizons (Table 13) fail 

to show any significant concentration of alumina in the B horizon above that in the 

C. The figures for the silica-iron oxide ratios, however, show a significant concen¬ 

tration of iron oxide in the B horizon. The A horizon has a much higher percentage 

of silica than is in the others. Since the sa ratios show this silica concentration as 

well as the ratios for the iron oxide, it is apparent that alumina has been removed from 

the A horizon without any corresponding increase in the B. 

Table 13.—Beltrami silt loam, Beltrami County, Minn. 

Sample No. Horizon Depth in 
inches 

Ratios Molecular equivalent 
composition 

sa sf ba Si02 Fe203 AI2O3 

321207_ A 0-10 14.56 121. 00 0.914 1.371 0.0113 0. 0942 
321208_ B 10-22 7. 30 27. 97 .511 1.158 .0412 . 1587 
321210_ C2 30-36 8.73 40. 54 3.380 .947 .0233 .0108 

THE GRAY-BROWN PODZOLIC SOILS 

These are soils in which the podzolic process has been the dominant one in their 

development. In these soils, as in the true Podzols, the process is primarily one of 

leaching, developing eventually an acid reaction in the soil and a solum in which 

readily soluble salts and a considerable percentage of the bases (alkalies and alkaline 

earths) have been removed. An eluviated A horizon and an illuviated B horizon 

have been developed. The profile is not identical with that of the Podzols, but the 

difference is one due to the degree of the operation of the podzolic process mainly, 

but recent work by Anderson and Byers has confirmed a former brief statement by 

Gedroiz that in the Podzols a breaking up of the silicates by soil-developing processes 

has taken place. No such silicate decomposition has been shown to have taken 

place in the Gray-Brown Podzolic soils region. The virgin profile in no case 

includes a thick layer of raw humus. There is always an accumulation of organic 

matter on the surface but it rarely amounts, in the United States at least, to more 

than an inch or two and is better decomposed than is the true raw humus overlying 

the well-developed Podzols. It is apparent that in the United States this humus 

rarely develops into what is called mull in Europe. It is not usually thoroughly 

decomposed into black granular colloidal material, but is somewhat more closely 

related to raw humus in inherent characteristics than to mull. The bleicherde, or A2 

horizon, is not white or light gray as in the Podzols but is grayish brown or pale yellow 

and is usually not so thoroughly eluviated. A thin layer, impregnated with organic 

matter (horizon Ax), constituting the upper part of the mineral soil is thicker than the 

corresponding layer in the Podzols, and it may have a faintly developed granular 

structure. The rest of the A horizon is structureless but has a laminated arrangement 
in the undisturbed soil. 

The B horizon is heavier in texture than horizon A, with an apparent accumu¬ 

lation of iron oxide and alumina but none of organic matter. In no case in the 

United States has the B horizon been indurated to an ortstein. The profiles are 

similar apparently to the eisenpodzol profile as described by Frosterus (6). It is 

apparent that in this country we have no humous Podzols, such as are described 

by the same author, or if so they have a limited distribution in the neighborhood of 

swamps and lakes in the Podzol region. The true Podzols of the United States are 

well-drained soils in which iron oxide, alumina, and organic matter are present in 

higher percentages in horizon B than in A or C, whereas in the Gray-Brown Podzolic 

soils iron oxide and alumina only have been involved in apparent accumulation in 
the B horizon. 

This group of soils is defined on the basis of soil characteristics only and without 

reference to geographic distribution, yet they occupy a well-defined region of the 

United States, one much larger than that occupied by the Podzols. The region 

includes the midlatitude belt of the United States extending from the Atlantic coast 

westward to the prairies in western Indiana, with a narrow tongue extending north¬ 

westward across Wisconsin into Minnesota, and another across western Kentucky and 

Tennessee into the Ozark region of southern Missouri. A great many small areas, 

originally covered with forest, scattered through the prairie region of the middle West, 

always in areas of uneven relief, are covered by members of this group also. The 

northern boundary is also the southern boundary of the Podzol region but, as in 

nature generally, no sharp boundary line exists. The true boundary is a zone of 

gradation in which, from north to south, the dominant Podzols become the dominant 

Gray-Brown Podzolic soils. On its south side the region is bounded by the common 

boundary between it and the Red and Yellow soils. This line runs, in general, 

from the mouth of Chesapeake Bay southwestward across the Appalachian region in 

western North Carolina, across Tennessee and the Ozark region and thence curves 

northward with the eastern boundary of the prairies to northwestern Minnesota. 
(See pi. 2.) 

This area was occupied, before it was cleared for agricultural use, by deciduous 

forest, with practically no admixture of conifers. The precipitation is essentially 
the same as in the Podzol region. 

The environmental conditions prevailing in the Podzol and the Gray-Brown 

Podzolic regions are not widely different. In both, the rainfall is high, ranging 

from 30 to 40 inches, both were forested, the former with both conifers and deciduous 

species, the latter with deciduous species, mainly oak. The pi'evailing temperatures 

are considerably higher in the Gray-Brown Podzolic region than in the Podzol region. 

This is probably the most important difference between them. The higher tempera¬ 

ture has operated directly as a soil-developing factor and indirectly through its 

influence on air humidity and evaporation. The existence of the Podzol profile 

beneath deciduous forests and the presumption that it developed under this influence 

suggests that the difference of forest character has not been all powerful. The same 

kinds of parent materials occur in both regions, but the Podzol profile, as shown by its 

occurrence in full development in New Jersey and Maryland, extends farther southward 

into the general region of the Gray-Brown Podzolic soils on sands than on other parent 

materials. This suggests that one of the differences between the Podzol and the Gray- 

Brown Podzolic profile is a difference in the extent of development of a single process. 

The average summer temperature in a belt running across the central part of the 

Podzol region in the United States is about 65° F., and the average winter temperature 

is about 15°. The average summer temperature across the central part of the area 

of Gray-Brown Podzolic soils is about 73° and the average winter temperature is 

about 32° except east of the Appalachians, where it is about 35°. 

In addition to the main region, already described, in which these soils are 

dominant, and the smaller areas within the prairies, large areas of soils in the Pacific 

northwest seem to belong to the group. Smaller and less continuous areas lie in the 

Rocky Mountain region. In all parts of the West and Northwest the soils, although 

belonging apparently to this and the next group to be described, are not identical 

with their eastern relatives. In general the degree of podzolization, measured by the 

development of a light-colored A horizon, is not so complete. The A horizons are 

brown rather than decidedly gray or yellow as in the East, and the illuviated B 

horizon is not so well marked. These soils seem to belong, in stage of podzolic 

development, nearer to the stage occupied by the Brown soils of Ramann 11 than do 

the true Gray-Brown Podzolic soils. The latter, among students who have given 

most attention to them, are now defined as still in a stage of practically complete 

saturation by bases. They have developed under forest cover but have not yet 

been podzolized or at least very faintly. The soils of the Northwest seem to have 

passed this stage but have not yet reached that occupied by the Gray-Brown Podzolic 
soils. 

THE MEMBERS OF THE GROUP 

A large number of soil series have been differentiated in the detailed soil mapping 

within the region of Gray-Brown Podzolic soils. The whole region has not yet 

been mapped, but it is probable that nearly all the well-defined series occurring in 

it have already been defined. The number stands now at somewhat more than fifty. 

All the soils within this region, except those so young that no profile development 

has taken place, have profiles with the same general characteristics as those already 

described in comparing these soils with the Podzols. The soil series of the group 

have been differentiated on the basis of all those features expressing differences in 

stage of development, character of the parent material, differences in drainage (both 

surface and subsoil), and differences in texture. 

The chemical composition throughout the region has the same pattern. The 

chemical profile consists of a thin surface layer with a high content of organic matter, 

a relatively high content of calcium, and to a less extent of potash and phosphoric 

acid, and a low content of iron oxide and alumina. In terms of the physical and 

morphological profile, this layer constitutes the upper part of the A horizon. It is 

underlain by the lower part of the A horizon which, as in the Podzols, has a high 

content of silica and a low content of practically all the other constituents. The B 

horizon has a high content of iron oxide and alumina, a higher content of potash 

than the A horizon, while the percentages of the rest of the alkalies and alkaline 

earths and of the phosphoric acid may be larger or smaller. 

Since the several soil series within the group have been differentiated on the 

basis of several characteristics, including the character of the parent material, it is 

evident that the distribution of these series will have a certain parallelism with the 

distribution of different kinds of geologic material. Plate 4 shows the distribution 

within the United States of different kinds of geologic material expressed in terms 

of parent materials of the soil. The different kinds of parent material are differen¬ 

tiated on this map on the basis oi the processes by which the material was accumulated, 

the two principal processes of accumulation being deposition and residual decay, 

while within each of these two main groups differentiations are based largely on the 

mineralogical character of the material. An examination of this map will show a 

certain correlation between the distribution of different kinds of parent materials and 

the distribution of soil series on the large soil map (pi. 5, secs. 1 to 12), while there is 

no such correspondence between the distribution of the geologic formations and various 
members of the groups shown on Plate 2. 

SOILS OF THE COASTAL PLAIN 
SASSAFRAS AND ASSOCIATED SOILS 

In the eastern part of the United States where the relief and distribution of 

geologic formations have been influenced to a very great extent by the crustal move¬ 

ments which formed the Appalachian Mountain system and by the erosion to which 

the region was subjected contemporaneously and later, the geologic formations are 

distributed in belts which run in a general northeast and southwest direction. It 

is evident that the distribution of soil series will have the same trend. In addition 

to the old locks, involved in the Appalachian folding and premesozoic erosion, a 

belt of unconsolidated sand, clays, and greensands occupies a strip along the coast, 

from Cape Cod to Texas. It ranges in width from a mere strip to several hundred 

miles, but in the Chesapeake Bay region it attains a width of less than 75 miles, 

narrowing to a point at New York City. By including Long Island, the islands of 

the coast of southeastern New England, and Cape Cod, the belt continues to 

Provincetown, Mass. Pedologically these islands and Cape Cod belong in the belt, 

but geologically they are different from a considerable part of the belt south of New 

York. This belt of young, unconsolidated deposits is called the coastal plain. This 

designation, however, is not applied to Long Island, Cape Cod, and the islands of 

southeastern Massachusetts. In this belt south of Massachusetts, members of the 

Sassafras series are the dominant soils. Collington soils constitute an important 

associated series in New Jersey and Maryland. Associated with these two series 

are considerable areas of Leonardtown, Myatt, and Portsmouth soils. Other soil 

series are associated with them, but they occur in relatively small areas and cannot 

be shown on the map. The details regarding these minor series can be obtained 

from the detailed soil survey reports covering various parts of this region. 

The Sassafras soils are the most important within this belt and extend, as shown 

on the map, from Long Island to the mouth of Chesapeake Bay. They are typical 

members of the Gray-Brown Podzolic group and, because of the rather sandy texture 

of the parent material, their profile is well developed. The surface is covered, 

within the forest, by the usual mat type of raw humus. The upper 3 inches of the 

mineral soil is darkened by the incorporation of a small amount of organic matter, 

but the texture of the mineral material is coarse, consisting mainly of sand The 

color is dark gray, the sand grains usually being gray and visible within the dark 

mass. Beneath this, extending to a depth of about a foot, is a very pale yellow or 

grayish-yellow light loamy sand, structureless and well leached, as is shown by the 
chemical composition. 

11 These soils constitute a established by the late Dr. E. Ramann of Munich. They were not fully defined by him but at a later date Stremme and Aarnio defined them as neutral brown forest soils ™ son • „• „ , , 

Such soils occur m small areas among the Gray-Brown Podzolic soils of the United States but not in large continuous areas. According to the American point of view they are potential Gray-Brown Podzolic sofis not ye" podtlS' ^ ^ 
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These two layers constitute the A horizon. Its thickness varies from 6 inches 

to more than a foot, depending on the textnre of the material and the relief of the 

surface on which it lies. It is underlain by the B horizon, which is yellowish with a 

faint reddish shade, heavier in texture than the A horizon, consisting of sandy clay 

but structureless or practically so. It is heaviest at the top, and gradually becomes 

lighter in texture downward as well as somewhat lighter in color. The layer ranges 

up to somewhat less than 2 feet in thickness, and it passes downward into grayish 

or faintly reddish sandy material, generally lighter in texture than the B horizon. 

This soil occupies the rolling, well-drained uplands of the coastal plain from the 

mouth of Chesapeake Bay northward into Long Island where the soil has developed 

from material heavier than sand or loamy sand and contains no marl, either calcareous 

or glauconitic. It occupies also the smooth terraces of the region where they are 

underlain by gravel at a depth of 3 or 4 feet. The lighter textured material beneath 

the solum supplies good underdrainage, and it is to this condition that the faint 

reddish color of the B horizon may be ascribed. 

A number of imperfectly developed soils derived from the same parent material 

are associated with the Sassafras soils. These consist in part of poorly drained soils 

occupying the flat interstream areas shown on the soil map (pi. 5, secs. 1 to 12) as 

Portsmouth, but they also include members of the Keyport and other less important 

series, as well as areas of peat and muck. Another group of soils, designated on the 

map as Myatt, consists of soils which have developed under alternating wet and dry 

conditions. They are wet in winter and spring and dry in summer. These soils are 

light in color and have a much heavier B horizon than the normally developed Sassa¬ 

fras soils. The true Myatt soils are associated with the Red and Yellow soils and 

occur in the southeastern part of the United States but on the soil map (pi. 5, sec. 8) 

the imperfectly drained soils closely associated with the Portsmouth soils in the Ches¬ 

apeake Bay region, subjected to alternating wet and dry conditions, are shown as 

Myatt. In detailed mapping these soils are identified as members of the Elkton series. 

In southern Maryland, occupying flat areas on uneroded parts of the coastal plain, 

a soil lias developed a normal profile to a depth of about 24 inches or, in other words, 

normal A and B horizons, but in the lower part of the B horizon or the upper part of 

the C horizon the material has become indurated into a hardpan. The A horizon is 

paler in color than the corresponding horizon in the Sassafras soils, while the B horizon 

is not so red and is usually somewhat heavier in texture. This is the Leonardtown 

silt loam. 
The soils of the Collington series are associated with those of the Sassafras as 

an important series of the Chesapeake Bay region. (Fig. 8.) They have in general 

the profile of the soils of the group, but being derived from material heavier in texture 

than the mixed sand and clay from which the Sassafras soils have developed, the soils 

are heavier, taken as a whole, and stronger in color than the latter. They have not 

been so thoroughly leached or so thoroughly eluviated. The A horizon is not so pale 

in color nor so light in texture. The dark-colored layer in the upper part of the A 

horizon is thicker, as a rule, and constitutes a larger proportion of the A horizon than 

in the Sassafras soils. The B horizon is heavier than the B horizon of the Sassafras 

soils, but the difference in texture between the A and B horizons is not so great as 

in the Sassafras, and the color of the B horizon is dominantly brown rather than 

reddish brown as in the Sassafras. The C horizon is made up of greensand marls or 

glauconite. 
The differentiation of the Codington soils from the Sassafras is based partly on 

the character of the parent material, but even if the soil surveyor should not see the 

parent material he would not fail to differentiate the Codington soils on the basis of 

their solum characteristics alone. These characteristics consist of less extreme devel¬ 

opment of ad of the features than is characteristic of the Sassafras soils. Being 

heavier in texture than the latter they are more productive for grain crops. 

It has already been stated, in the discussion of the character and distribution 

of the Podzols that the soils developed on sands in eastern New Jersey, Long Island, 

the islands of southeastern Massachusetts, and possibly also a large part of Barn¬ 

stable County, Mass., are Podzols. They have already been described, therefore, 

on page 17. 
PENN AND ASSOCIATED SOILS 

The piedmont plateau consists of a belt of dissected plateau, developed mainly 

on ancient crystalline rocks, lying parallel to and immediately west of the coastal 

plain. The belt runs from the southeastern part of New York State southwestward 

to Alabama. It crosses the east-west belt occupied by the Gray-Brown Podzolic 

soils and within the boundaries of the latter the soils on the piedmont plateau belong 

to the Gray-Brown Podzolic group. 
Although the dominant rocks in the plateau are ancient crystallines, other rocks 

occur, and in the northern part of the belt, that part included in the region of Gray- 

Brown Podzolic soils, other rocks than ancient crystallines are dominant. Within 

the ancient crystallines themselves rock character differs greatly and this produces 

soils belonging in different series, but in that part of the plateau now being considered 

the other rocks referred to, consisting of sandstones, shales, limestones, and igneous 

rocks, are responsible for still wider soil differences than those within the crystallines. 

The most important sandstone and shale rocks within the northern part of the 

piedmont plateau are the Triassic red shales and sandstones. 

An important part of the piedmont region in Pennsylvania, New Jersey, and New 

York is underlain by red shales and sandstones. Southward from the main part of 

the area in Pennsylvania, New Jersey, and southern New York a belt stretches across 

Maryland and Virginia into North Carolina. Another important area occupies the 

Connecticut Valley lowland of Massachusetts and Connecticut. 

These rocks, like all shales, disintegrate slowly, and as a consequence the layer 

of disintegrated and decomposed material overlying the rock constituting the soil 

material is, over considerable areas, thin, and the reddish rock color still pei’sists in it. 

Under these conditions the layer of soil material is too thin for the development of the 

normal A and B horizons of the Gray-Brown Podzolic soils. In many places it is 

thick enough for the development of an A horizon only. A yellowish-brown A 

horizon has developed, but the fact that the soils of plowed fields are almost universally 

somewhat red in color shows that it is not so thick as the depth of plowing. Practi¬ 

cally no B horizon has developed. The disintegrated red shales or the shales undis¬ 

integrated lie beneath the A horizon. 
Soils of the character just described prevail throughout the region on slopes as 

well as on large areas of smooth relief, especially in New Jersey. In Pennsylvania 

the proportional area occupied by such soils seems to be smaller than in New Jersey. 

Where the normal Gray-Brown Podzolic profile has developed on Triassic materials 

either in Pennsylvania or New Jersey the soil colors are paler than in either the 

Sassafras or Collington soils. The sandy parent materials of both the latter soils 

and especially of the Sassafras have supplied good under drainage. 

The Penn soils, where shallow, are underlain by the undecomposed shale beneath 

a thin layer of disintegrated shale, through which water does not percolate rapidly. 

Where the soil material layer (decomposed material) is thick it may or may not be 

underlain by shale at a comparatively slight depth, but the material itself is heavy 

enough to retard percolation. Such areas also usually lie on flat relief where surface 

drainage is slow. The Penn Soils, therefore, are brown or yellowish brown and lack 

the reddish subsoil color of the Sassafras soils. The red color of the shallow soils of 

the Penn series is a rock color not a soil color, whereas the reddish subsoil color of the 

Sassafras soils is a soil color not rock color. The deeply weathered yellow or yellow- 

brown soils derived from the Triassic shales belong in fact to a different soil series 

from the shallow red soils, but they have not yet been separated. 

From Plainfield, N. J., northward the soil material was accumulated by glacial 

action, but the material was derived from the local rocks, Triassic red shales and 

sandstones, and has, in general, characteristics very similar to the materials from the 

same rocks farther south where the unconsolidated surface material from which the 

soils have developed was accumulated by decay of the rocks in place. The soils 

derived from this locally accumulated glacial material in New Jersey and the extreme 

southern part of New York are mapped as members of the Wethersfield series, together 

with other series of less importance. The former soils are reddish, like the shallow 

Penn soils, but the accumulated glacial drift layer is thicker than the layer of residual 

material south of the glacial limit. The soils in the Connecticut Valley lowland are 

shown as Wethersfield also, but the true Wethersfield soils in this area are associated 

with large areas of terrace soils, none of which is shown. It is probable that detailed 

mapping will finally show that the brown more perfectly developed terrace soils 

occupy even a larger area than the Wethersfield. The distinguishing characteristics 

of the Wethersfield soils are faint development of the typical podzolic profile and a 

reddish color. The latter is a rock color, however, and not a soil color. It has not 

been derived from weathering in place since the material was accumulated but was 

present in the rock before the soil material was accumulated. 

Figure 8.—Hardwood forest on Collington loam, Prince Georges County, Mil. 

CHESTER AND ASSOCIATED SOILS 

The soils of this group include those occurring in the piedmont region of Virginia, 

Maryland, Pennsylvania, and New Jersey. The designation of the group used here 

is justified on the ground that the Chester soils have the most fully developed profile 

of all the soils of the group. Northward the soils of the group gradually merge, 

through transitional soils not yet carefully studied or given status as independent 

series, in northern New Jersey with the soils of the New England group described 

later as soils of the Gloucester and associated soils. The Gloucester and associated 

soils of southern New England occupy an area much larger than that occupied by 

the Chester, but they have a profile less fully developed and therefore less character¬ 

istic of the normal soils of the Gray-Brown Podzolic group than the Chester soils. 

The soil-developing forces in New England are less active than in Maryland, and the 

material was accumulated later. 
The Chester soils extend into western North Carolina, but their profiles are not 

so well developed as in Virginia. 
The Chester soils have developed from material accumulated by the decay of the 

ancient crystalline rocks of the piedmont plateau. (Fig. 9.) They constitute the 

typical mature Gray-Brown Podzolic soils from this material. The A horizon is light 

in color and in texture compared with the B horizon. It ranges from light brown to 

yellowish. The B horizon is heavier in texture and is brown or faintly reddish brown. 

The percentage of finely divided material, colloidal or otherwise, is greater than in 

the parent material of the Sassafras soils, and in the eluviation process this has been 

accumulated in the B horizon. The B horizon thus becomes heavy enough for the 

development of the characteristic breakage into small angular particles which con- 

constitute so important a feature of the well-developed moderately heavy B horizons 

of the Podzolic soils. The A horizon is essentially structureless where sandy, but 

where silty the lower part may have a well-defined lamination and the upper part, 

with organic matter incorporation, may be granular. Where the breakage particles 

of the B horizon are well defined the color is usually somewhat more intense on the 

outsides of the particles than on the insides. It is apparent that these breakage lines 

are lines along which the air and water penetrate the soils, and since these soils are 

well drained and since the climate is marked by high rainfall and hot summers with 

periodic drying of the soil to considerable depth, oxidation and dehydration on the 

outsides of the particles have been more intense than on the insides. The insides of 

the particles are yellowish brown. 
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The parent material, or C horizon, consists of disintegrated crystalline rock 

material from schists, gneisses, or, more rarely, fine-grained slates, usually 

very loose, containing a considerable amount of undecomposed minerals. In many 

places it is reddish in color, especially immediately beneath the B horizon, but it 

becomes yellowish or grayish with depth and finally, within a few feet, grades into 

the consolidated crystalline rock. 
Chester soils constitute the typical mature Gray-Brown Podzolic soils from crys¬ 

talline rock material, corresponding to the Sassafras soils from unconsolidated sands 

and clays of the coastal-plain deposits and the Collington soils from greensand marl 

deposits of the coastal plain. All these soils are members of the same broad group, 

have fundamentally the same character of soil profile, and have developed under the 

same climatic conditions and the same forest cover, so that their differences are due 

largely to differences in character of parent material. The difference between the 

Sassafras soils and the Chester soils is largely a difference between the amount of 

clay in the parent material or the amount of minerals which, on decomposition, 

change to clay. 
The piedmont region of Pennsylvania, Maryland, and Virginia is thoroughly dis¬ 

sected and includes no poorly drained areas. It contains imperfectly developed soils, 

however, but these are soils which occur on slopes where the material has not been 

allowed to lie in place long enough to develop a normal soil profile. In the Chesapeake 

Bay region of Maryland and Virginia the Manor soils are of this character. On very 

small areas, however, where the relief is flat and where the drainage is less perfect 

than in the rolling areas where the normal Chester profile has developed, soils have 

developed which have a profile very similar to that of the Leonardtown soils associated 

with the Sassafras. These soils have not yet been named but they are known to 

occur and may be considered as Leonardtown-Chester soils. 

HAGERSTOWN AND ASSOCIATED SOILS 

In Maryland and Pennsylvania and to less extent in Virginia (fig. 10), there are 

areas of considerable size in the piedmont belt, in which, through the folding which 
produced the mountains 

originally, limestone beds 

were folded down into 

synclines to such depth 

that subsequent erosion 

did not remove them en¬ 

tirely. These piedmont 

areas, therefore, are under¬ 

lain by limestones, and the 

soils have developed from 

the products of the disin¬ 

tegration and decomposi¬ 

tion of the limestones 

which are identical in char¬ 

acter with, and presumably 

are merely eastward ex¬ 

tensions of the limestones 

underlying the great valley 

of the Appalachian region, 

extending from the St. 

Lawrence River southwest- 

ward to Alabama. The 

Great Valley consists of a 

lowland belt lying immedi¬ 

ately west of the Blue Ridge 

and is separated from the 

piedmont region by that 

physiographic feature. 

The Great Valley, 

therefore, and the limestone 

basins in the piedmont re¬ 

gionhaving soils developed 

from the same kinds of 

materials accumulated by 

the same process, that of 

residual decay, from the same kinds of rocks, have developed under the same forest 

cover and the same climatic conditions. They have developed also on the same 

kind of relief, and have attained, in general, identical stages of development. The 

soils are well drained and are normal members of the Gray-Brown Podzolic group. 

The parent material, consisting only of fine-grained material, originally incorporated 

with the lime carbonate of the limestones, is heavier in texture than the constituents 

of the soil material of the piedmont region and of the coastal plain. It consists of 

silt and clay, together with an extremely small amount of very fine grained sand, the 

clay constituent in the parent material being considerable. The surface soil assumes 

the usual light-colored, or gray, A horizon. The B horizon is heavier in texture than 

the A, though everywhere friable, and its color is brown, with a well-defined reddish 

shade. The material of the B horizon being heavy breaks into the usual angular 

particles similar to those in the B horizon of the Chester soils, but they are better 

defined. The outsides of the particles, like those in the Chester soils, are stronger in 

color than the insides. Partly on account of the rolling surface on which these soils 

occur, the A horizon has been removed by erosion over large areas, especially where 

the soils have been cultivated for a long time. The farmer, in such cases, is now culti¬ 

vating the B horizon. On the detailed soil maps of the region, Hagerstown silt loam 

is the soil which still retains the A horizon, and Hagerstown clay loam is the soil from 

which the A horizon has been removed. On the large soil map (pi. 5, sec. 8) no differ¬ 

entiation of the soil by texture is attempted. The soils are identified as members of 

the Hagerstown series. The important areas in the piedmont plateau are the Lan¬ 

caster County area in Pennsylvania with a narrow extension northeastward to Norris¬ 

town, Pa., and another extending soutliwestward by York, Pa., across Maryland, 

with minor breaks, and into northern Virginia. 

The broad lowland belt called the Great Valley is not underlain entirely by lime¬ 

stones. It is underlain by rocks that are relatively less resistant to erosion than those 

of the Blue Ridge on its southeastern side and the Appalachian ridges of sandstone 

on the northwestern side. 
The northwestern half of the Great Valley in Pennsylvania and important belts 

elsewhere are underlain by shales. These rocks are only slightly more resistant to 

erosion than the limestones. They have been worn down to a lowland standing 

slightly higher than the area underlain by limestones, but they constitute a part of 

the Great Valley. 
These rocks have disintegrated and decomposed into silt and clay, but as a rule 

the layer overlying the shales is thin, somewhat like the layei overlying much of the 

Triassic shales in the piedmont plateau. These soils where mature are yellowish, 

especially in the subsoil, and they have grayish-brown surface soils. Not much work 

has been done on them in recent years. They have been given an independent status 

as the Berks series, but it is now known that in detailed mapping they will be sepa¬ 

rated into at least two series, a mature and an immature series. The matiue soils 

are yellow with slightly imperfect subsoil drainage somewhat like the matuie Penn 

soils. On the large soil map (pi. 5, sec. 8) they have been combined with the Mus¬ 

kingum soils, a widely prevalent series in the Appalachian region. (See p. 25.) 

Within the glacial region, that is, north of Delaware River, the soils of the Great 

Valley have been mapped mainly as members of the Dutchess series, the piedominant 

type being a silt loam. A few small areas, mainly in the eastern part of the valley 

in southern New York, were mapped as members of the Dover series. The Dutchess 

soils, although they occur mainly in the Great Valley, are developed from shale mate¬ 

rial, since in the northern end of the Great Valley shales underlie a larger propoi- 

tional area than south of New York State. Limestones underlie a relatively small 

part of the valley. In areas where the glacial material contains a large amount of 

limestone material, the soils are mapped as Dover. The Dutchess soils have an 

imperfectly developed podzolic profile, in most of the area the total thickness of 

glacial material overtying the bedrock being less than 3 feet. The surface layer is 

grayish but not so gray as the A horizon in similar soils farther south. The B horizon 

is imperfectly developed and in many places is not present. Because of the slight 

depth to bedrock, drainage is somewhat imperfect in some areas, though in other 

areas drainage is made so easy, because of the vertical position of the slaty structure 

in the shales and slates, that the soils are somewhat droughty. The imperfect devel¬ 

opment of the profile is due both to the shallowness of the layer of geologic soil mate¬ 

rial and to the recent date of its accumulation by glacial ice. 

Figure 10.—Apple orchard on Hagerstown loam near Waynesboro, Augusta County, Va. 

The Dutchess soils extend over some of the low hills of southwestern Vermont. 

The greater part of the western part of that State, however, the lowland areas espe¬ 

cially, is occupied by the Vergennes soils, mainly clay loams, silt loams, and other 

heavy soils. They have developed from light-colored calcareous clays deposited in a 

southward extension of the Gulf of St. Lawrence immediately following the disap¬ 

pearance of the glacial ice from the region. Soil development has not gone very far 

in this material. The carbonates have been leached to a depth ranging from 2 to 3 

feet, and some organic matter has been accumulated in the upper 2 or 3 inches of the 

soil, while granulation lias developed in the surface soil in the well-drained localities. 

This structure seems to have resulted mainly, if not entirety, from the breakage into 

particles of the seemingly uniform material, because of expansion and contraction on 

wetting and drying. No texture profile has developed. The upper part of what 

would be the B horizon, if eluviation had taken place, has been weathered enough 

to assume a brownish color. The Vergennes soils are among the most imperfectly 

developed soils occurring in New England. They lie in a latitude and in a climatic 

environment in which Podzols develop on lighter textured material than that in the 

Vergennes soils, this seemingly being the main reason why the Vergennes have not 

developed the Podzol profile. 

GLOUCESTER AND ASSOCIATED SOILS 

A rather large number of soil series have been defined among the soils of southern 

New England, but their characteristics are relatively uniform. They have developed 

mainly from material derived from crystalline schists and gneisses and accumulated 

by glacial action. The soil profile, however, has been incompletely developed. 

All these soils from crystalline material differ very greatly from the soils developed 

from similar rocks in the piedmont plateau of Maryland and Virginia, where the 

material was accumulated by residual decay in place. The soils differ from typical 

Gray-Brown Podzolic soils in the degree of development of the normal profile. The 

difference in texture between the A and B horizons in the soils of southern New 

England is very slight. The texture of all the layers from the surface downward 

changes slightly (see Table 35) and in such a way as to indicate that the variations 

are due to differences in the original material and not to eluviation. The color profile 

Figure 9.—Profile of Chester loam, Howard County, Md., showing indurated (gray) 
horizon. 
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is somewhat better developed, however. The A horizon is predominantly brown. 

It lacks the yellowish shade so characteristic of the Sassafras soils, and the B horizon 

is deeper brown than the A horizon. In general, the soil material is coarse in texture. 

The chemical composition, which will be discussed later, shows that the minerals in 

the A and B horizons are not the products of decomposition of those in the C horizon 
«• but are essentially the same. 

It is apparent that this slight difference in the several parts of the profile is 

owing, in part, to the relatively late geological age during which the glacial deposits 

were accumulated and in part to the coolness of the climate which has not favored rapid 

decomposition of the silicate minerals. In the southwestern part of New England, 

south of the latitude of New Haven, the evidence of a more complete decomposition 

of the silicate minerals becomes noticeable. Large areas of New England are covered 

on the soil map (pi. 5, sec. 1), by the Gloucester soils. In detailed soil survey work four 

more important series have been given independent status. 

In northern New Jersey, in the region known as the highlands, which consists of the 

northern extension of the Blue Ridge, the soil material was also accumulated by 

glacial action. But the soil profile at the present time is better developed than in 

New England and the minerals are much better decomposed, there being an extensive 

development of clays or colloidal materials in the soil profile. The texture differen¬ 

tiation into a light-textured A and a heavier textured B horizon has not become so well 

developed as farther south, but in the definiteness with which the whole profile is 

developed, the soils lie between those with very poorly developed profiles in Massa¬ 

chusetts and Connecticut and those with much better developed profiles in Virginia 

and Maryland. 

The Merrimac soils share with the Gloucester the whole area of southern New 

England according to the soil map. (PI. 5, sec. 1.) It has already been stated that 

a number of soils other than these have been identified in the detailed soil work, 

especially in Massachusetts where the whole State has been surveyed. All the soils 

of the rolling uplands, where derived from glacial drift, are similar in their broad 

characteristics, and for that reason have been combined with the Gloucester for the 

purpose of the main soil map. The Merrimac soils differ from the Gloucester in 

their derivation from water-laid glacial material. They are, therefore, coarser in 

texture than the Gloucester taken as a whole, are underlain by sandy or gravelly 

deposits, and occur on smooth areas. They have developed for the most part from 

glacial outwash material. Very little profile development has taken place. Because 

of the very sandy character of the parent material and the practical absence of silt 

and clay, no well-developed podzolic texture profile is possible. Slight decomposition 

of feldspars seems to have taken place, and a small amount of organic matter has 

accumulated in the upper 2 or 3 inches. The true Podzol profile is faintly developed 

in some of these sands, and it is probable that, before the region was settled by white 

men, most if not all the areas had such a profile, but because of the smooth relief on 

which these sandy soils lie and the absence of boidders they were cleared and plowed 

at an early date. Thus the Podzol profile was destroyed. 

MUSKINGUM AND ASSOCIATED SOILS 

In the Appalachian region from the western side of the limestone belt of the Great 

Valley westward into central Ohio and stretching from the glacial boundary in 

northern Pennsylvania southward to Alabama a large proportion of the soils are 

shown on the soil map (pi. 5, secs. 1, 7, and 8) as Muskingum soils. Only a small 

part of this large region has been studied carefully enough to make an accurate differ¬ 

entiation and mapping of the soils possible. The region has an extremely uneven 

relief, and agriculture is not a highly developed industry. Considerable areas have 

been cleared of the original forest, which was mainly hardwood, and are now cultivated 

or in pasture, but the proportion of such areas is not large. 

The impression of uniformity of soils throughout this region given by an inspec¬ 

tion of the map is true in part only. In general, the uniformity is due mainly to the 

uniformity of the parent material, this being material accumulated in place by 

decomposition of sandstones and shales. Limestone material is present but underlies 

a small part of the total area. The soils also are dominantly young, belong to the Gray- 

Brown Podzolic group (fig. 11), are imperfectly developed, and are developing from 

materials that are very much alike throughout the area. Because of these conditions 

the soils are necessarily, in their general characteristics, similar. 

Within this broad area there are two general physiographic regions. The 

eastern part of the large area consists physiograpliically of the Appalachian ridges, a 

region made up of parallel narrow mountain ridges separated by parallel lowland 

belts, wider than the ridges, but in few places attaining a width of more than 10 miles. 

The ridges are underlain mainly by indurated sandstones. The soils, being derived 

from material accumulated by residual decay of the sandstones, are sandy, shallow, 

and imperfectly developed. The parent material contains no carbonates and low 

percentages of alkalies and alkaline earths. The surface layer has been leached of its 

iron and some of its alumina to a considerable extent, but no well-defined B horizon 

has been developed. 

Most of these mountain soils lie on steep slopes and have imperfectly developed 

profiles. Because of the imperfect profile, their development from sandstones, their 

forest cover, and the absence of sufficient data to warrant more detailed separation, 

they have been shown on the soil map as Muskingum soils except where the slopes 

are extremely steep and the areas mountainous. In such cases they have been grouped 

as rough stony land. Many more of the areas of these regions could have been 

included in rough stony land, but this would have required greater detail on the map. 

The shallow mountain-side soils, identified as Muskingum soils, differ in character, 

however, from soils in the areas which have been mapped as rough stony land. The 

latter areas have a soil cover, but it is even shallower than that mapped as Muskingum, 

and actual outcrops of bedrock are more numerous. 

The soils in the lowland belts between the ridges are generally shallow also 

but less so and with a somewhat better developed profile than the mountain-side 

* soils of the ridges. These lowland belts consist of dissected intermountain lowland 

plains lying about a thousand feet below the levels of the ridge tops. The soil profile, 

in smooth areas, is maturely developed. In such areas the soils are similar to the 

fully developed yellowish soils overlying the Triassic shales in Pennsylvania. The 

* material is silt and clay mixed, rather heavy, and where thick it allows water to 

percolate slowly. The subsoil color, as elsewhere in similar material in the Gray- 

Brown Podzolic region is yellowish rather than rich brown or reddish brown as in 

the better developed soils east of the Blue Ridge, such as the Chester or Sassafras, 

or in the Great Valley, such as Hagerstown. On the steep slopes within the lowland 

belts the soils do not differ fundamentally from those on the steep slopes of the 

mountain ridges. 

Associated with the Muskingum soils, both on the mountain slopes and in the 

lowland belts, are narrow belts shown on the map as Upshur soils. These are young 

soils developed from reddish shales. They are so young that the original parent rock 

color has not yet been changed to the normal soil color characteristic of the profile 

of the Gray-Brown Podzolic soils. The shales are somewhat calcareous and the 

soils being young carry some of this parent rock lime. This makes them somewhat 

more productive than the Muskingum soils in the same region. 

The other physiographic division of the Appalachian region referred to above, 

consists of the Allegheny Plateau extending from the western side of the Appalachian 

ridges to central Ohio and into eastern Kentucky and eastern Tennessee. It is broad 

at the north and narrows southward. It includes all of western Pennsylvania, most 

of West Virginia, eastern Ohio, eastern Kentucky, and eastern Tennessee. A large 

part of the soils of this region from northern Pennsylvania southward and westward 

have been mapped also as Muskingum soils. In fundamental characteristics they do 

not differ essentially from the Muskingum soils in the eastern or Appalachian ridge 

part of the region. They are young soils developing from material accumulated by 

the decay of sandstones and shales. As a whole the region contains a larger propor¬ 

tion of shales than of sandstones, and the soils are therefore somewhat heavier in texture 

than those in the Appalachian ridge region, especially those of the mountain sides, 

but their profile development is no more perfect, taken as a whole. 

LORDSTOWN AND ASSOCIATED SOILS 

Within the glacial region of the extreme northern part of Pennsylvania and 

southern New York, the soils have developed from glacial material, but this was ac¬ 

cumulated from sandstones and shales so that the soils do not differ very greatly from 

those in the unglaciated part of the Appalachian region, except so far as the smoother 

surface relief, produced by glaciation, has produced soil differences. The dominant 

soil in this region is shown on the map as the Lordstown. These soils are, to all in¬ 

tents and purposes, Muskingum soils. Being shallow, their profile is imperfectly de- 

Figure 11. Profile of Zanesville silt loam, a fully developed Podzolic soil of the Muskingum group, showing the laminated 
A horizon. 

veloped. Associated with the Lordstown soils, however, are rather extensive areas 

of Volusia, Wooster, and Lackawanna soils. 

The Volusia soils have developed on smooth areas and under the influence of ex¬ 

cessive moisture. This is due to high ground water in places and to seepage in other 

places. The profile consists of a light-colored, almost gray, A horizon, a heavier B 

horizon, with an indurated layer immediately beneath the B horizon. In some places 

the intermediate heavier B horizon is lacking. These and related soils extend west¬ 

ward from southern New York and occupy a large area in northeastern Ohio. In 

detailed mapping, as may be seen by the inspection of detailed soil maps covering 

some of the counties of northeastern Ohio, these Volusia soils are broken up into 

a number of series differing from typical Volusia soils in comparatively minor 
characteristics. 

The Wooster soils have developed in well-drained situations from thick deposits 

of glacial material derived from sandstones and shales. These soils occur not only in 

southern New York but also in rather important areas of northeastern Ohio. They 

constitute the most nearly normally developed soils within this general region. The 

profile is essentially identical in its general characteristics with that of the Chester 

profile in the piedmont region. They differ from the Chester soils in that their pre¬ 

dominant shade is yellowish rather than reddish, in the B horizon especially. The 

A horizon is pale yellowish except the upper 2 inches in the virgin soils which are 

stained dark by organic matter. It is light in texture compared with the underlying 

B horizon. The B horizon is yellowish brown with a faint reddish shade, heavier in 

texture than the A horizon, usually structureless, though in the heavier types the 

material shows a tendency to break into angular particles similar to those in the 

B horizon of the Chester soils. The C horizon consists of glacial drift made up of 

sandstone and shale material. The composition of the Wooster soils is shown in 

Table 55. 

The Dekalb soils, associated with the Lordstown, Wooster, Volusia, and Mus¬ 

kingum soils in the Allegheny Plateau, are Podzols and have been described as members 
of that group. 

The Lackawanna soils are, like the Lordstown, shallow with imperfectly developed 

profiles. They are developing, however, from glacial material accumulated mainly 

from reddish shales. Their incompletely developed profiles are due in part to their 

relatively heavy texture but mainly to the same causes as those determining the im- 
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perfect Lordstown profiles. These are their occurrence on uneven relief and tlieir 

development from geologically recent accumulations of the glacial material. Their 

imperfect development is expressed in the retention, except in a thin A horizon, of the 

peculiar red color of the parent rock. They are very similar to, if not essentially 

identical with, the Upshur soils and very similar to the Penn soils in the piedmont 

region of New Jersey, New York, and southward and in part of the Connecticut 

Valley lowland of Massachusetts and Connecticut. 

ONTARIO AND ASSOCIATED SOILS 

The northern end of the Allegheny Plateau runs across New York a short distance 

south of the Erie Canal. North of that is a lowland region corresponding physio- 

graphically to the Great Valley of the Appalachian region. It is underlain by shales 

and limestones, the latter underlying an important part of the total area. This is 

part of what may be designated as the Ontario lowland extending northward from the 

northern boundary of the Allegheny Plateau well into the Province of Ontario in 

Canada. The rocks are covered by glacial material, this having been accumulated 

to a considerable extent locally and containing therefore a large proportion of lime¬ 

stone material. Since the ice moved southward this limestone glacial drift was car¬ 

ried southward onto the northern end of the Allegheny Plateau. While the ice lay 

in this lowland belt, the valleys of the northern end of the plateau draining northward 

in preglacial times were filled with water, and in these waters deposits of calcareous 

silts and clays were laid down. Similar deposits were laid down in various places 

on the Ontario lowland in lakes that stood there at different levels as the ice retreated. 

These deposits are dominantly heavy, but light-textured deposits were laid down 

locally. The heavy deposits are calcareous as a rule. The largest most continuous 

area of such deposits lies along the northern border of the Ontario lowland stretching 

over most of the belt between the ridge road and the lake in Wayne, Monroe, Orleans, 

and Niagara Counties, N. Y. The soils from the dominant heavy calcareous deposits 

are mainly members of the Dunkirk series. In general they are young soils with an 

imperfectly developed pro¬ 

file. In many areas north 

of the ridge road, however, 

owing to the presence of 

ground water at a slight 

depth in winter and spring, a 

faintly indurated gray layer 

has developed at a depth of 

a foot or more in some places. 

The soils derived from 

the calcareous glacial drift 

within this area have been 

identified as members of the 

Ontario series. In detailed 

mapping in this lowland two 

soils from calcareous glacial 

drift have been established, 

one, the Honeoye, from ma¬ 

terial containing a higher 

percentage of limestone ma¬ 

terial than that of the other, 

Ontario. On the soil map 

(pi. 5, sec. 1) both have been 

combined as Ontario. 

The soil material con¬ 

tains a large amount of lime 

carbonate, but the soil profile 

has been well enough devel¬ 

oped for the lime carbonate 

to have been removed to a 

depth of about 2 feet. In 

other respects the profile 

has not been well developed. 

The material is rather heavy in texture so that the development of an eluviated A 

horizon and an illuviated B horizon takes place slowly. The subsoil is slightly 

heavier than the surface soil, and it is somewhat lighter in color. The imperfectly 

developed B horizon is somewhat brown, especially in the upper part, but its color 

is dominated to a greater extent by the color of the parent material from which the 

Figure 12.—Deciduous forest on Miami soils, Hancock County, Ind. 

soil is developing than is the case with the Wooster or with the better developed 

Muskingum soils. The percentage of organic matter in the cultivated soils of this 

region is relatively high as they have been used for growing grass to a consider¬ 

able extent. They are closely related in their hereditary characteristics, or those 

derived from the parent rock, to the Miami soils (to be described later) occurring in 

Indiana, Ohio, and Michigan. The profile is much less well developed than in the 

latter soils, however. 
A few small areas in northwestern New York are shown on the map as Wethers¬ 

field soil which is an imperfectly developed soil derived from glacially deposited red 

sandstone and shale material. The Wethersfield soils occur mainly in northern New 

Jersey and to less extent in the Connecticut Valley. In detailed mapping in New 

York they are identified as Lockport, differing from the Wethersfield in less perfect 

drainage, in derivation from rocks of different age, and in much more granular 

structure. 
The Worth soils occupy a comparatively small area around the east end of Lake 

Ontario. They occur within the general area occupied by the ancient glacial lakes 

in which the silts, clays, and sands from which the Dunkirk soils are developing were 

deposited, but their parent material is glacial and stony, containing a considerable 

proportion of quartzite boulders and cobbles. The soils and soil material are non- 

calcareous, the profile imperfectly developed, the soils rather coarse in texture, and 

their productivity low. 
The Clyde soils occupy a great many small areas in New York and larger areas 

in the lake region of Ohio, Indiana, Michigan, and neighboring States. These are 

black soils consisting essentially of material accumulated in low-lying areas where 

the organic matter has not been allowed to decay because of excessive moisture. 

Ground water has stood for a long time, probably since glacial times, practically at 

the surface. These soils are similar to, and are in a comparable stage of development 

with, the Portsmouth soils in the coastal plain region. The profile is wholly 

undeveloped as the material has not been leached, it contains a high percentage of 

organic matter and, where artificial drainage has lowered the ground watei level, the 

soils are highly productive. They occupy situations where organic matter has 

accumulated and into which mineral matter has been carried both in suspension and 

solution. 
The Chenango soils occur in small strips throughout the region, not only in 

association with the Ontario soils but with most of the other soils of the major 

group. They are normally developed soils with a profile similar to that of the 

Chester and have developed from water-laid material occurring mainly as river- 

terrace deposits. There are a large number of other terrace soils differentiated in 

the detailed mapping in the eastern part of the Gray-Brown Podzolic region, but the 

areas in which they occur are small and their differences from the Chenango soils are 

comparatively small except where they are poorly drained. The Elk soils, which 

differ from the Chenango mainly in the absence of limestone material in the gravel 

of the substratum, are wide-spread in the region. The well-drained members of all 

these terrace soils, including the Chenango, are shown on the map as Elk soils. 

MEIGS AND WESTMORELAND SOILS 

In the midst of the large area of Muskingum soils in the Allegheny Plateau area 

of Pennsylvania, Ohio, and West Virginia, is a large area of soils, the southern part of 

which is shown on the map as the Meigs and the northern part as the Westmoreland 

soils. These, like the Muskingum, are imperfectly developed soils because of their 

occurrence in a hilly region where the steepness of the slope does not allow the soil 

material to lie in place long enough for the full development of the normal profile of 

the region. They differ from the Muskingum soils, however, in their development 

from parent materials which contain lime carbonate, varying in amount from place 

to place, and also from material that is finer in grain than that from which most of 

the Muskingum soils have 

been derived. These soils 

therefore are heavier in tex¬ 

ture and because of the 

shallowness of the soil, and 

therefore of the thin layer 

of material which has been 

leached of the readily de¬ 

composable material, free 

carbonates may be present 

within a few inches of the 

surface. The northern 

part of the belt, that part 

occupied by the Westmore¬ 

land soils, is one in which 

the underlying bedrock 

contains beds of limestone 

in addition to calcareous 

shales. Limestone is not 

usually presentin thesouth- 

ern part of the belt but 

reddish shales, slightly cal¬ 

careous as a rule, are inter- 

bedded with gray, usually 

noncalcareous shales iden¬ 

tical in general lithologic 

character with the shales 

from which the Muskingum 

soils develop. The young 

soilsfrom theseinterbedded 

rocks have been given in¬ 

dependent status as the 

Meigs series. They are, 

essentially, mixed areas of Upshur and Muskingum soils. The presence of the Upshur 

soils gives the whole body a reddish color. In some cases the reddish color of the 

parent material is present at the surface of these soils, partly because of the heavy 

texture of the material which has not allowed the development of more than an inch 

or two of an A horizon, whereas in others, the material, being lighter in texture, an 

A horizon has developed, but in most cases it has been eroded because of the steep¬ 

ness of the slope. 

The area occupied by both these soils was covered in its virgin condition by a 

luxuriant growth of hardwood forest, the growth being more luxuriant than that on 

the sandy members of the Muskingum and in general more luxuriant than that on the 

Muskingum soils taken as a whole. They were recognized by the early settlers as 

productive soils, partly through the luxuriant growth of the forest vegetation, and 

were cleared in the early part of the nineteenth century. They are still used for 

agriculture, mainly for grazing. They are relatively productive soils, partly because 

of the imperfect development of their profile, but they can not be used for grain 

growing without danger of severe erosion. 

MIAMI AND ASSOCIATED SOILS 

A large area in western Ohio, central Indiana (fig. 12), southern Michigan (fig. 13), 

and southeastern Wisconsin is covered by soils of the Miami and other closely related 

series. This is probably the most important group of Pedalfer soils in the United 

States. The Miami soils, consisting mainly of the loam, the silt loam, the clay 

loam, and the silty clay loam members of the series, with small areas of sandy loam, 

are the dominant maturely developed soils. The area in which the typical char¬ 

acteristics of the Miami soils are best developed occupies western Ohio and central 

and northern Indiana. They have developed a normal profile which, because of the 

large area occupied by these soils, may be considered the typical Gray-Brown Pod¬ 

zolic profile for that part of the United States lying west of the Appalachian region. 

The surface soil beneath a thin layer of dark-brown leaf mold consists of dark-colored 

silt loam, the Ai horizon, about 3 inches thick. This may have an imperfect granular 

structure. It is underlain by a light-colored, usually pale-yellowish silt loam, the 
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A2 horizon, which is structureless except for a well-defined lamination in which the 
upper surfaces of the laminae are lighter in color than the lower. 

In the virgin soil this light-colored layer contains many insect and worm nests 
with dark-colored worm casts, in extreme cases the number of these being sufficient to 
give an apparent granulation and a dark color to the material. 

The texture is light, compared with that of the underlying horizon, being pre¬ 
dominantly silt loam. At a depth of 8 or 10 inches is the heavier rich-brown B 
horizon, the material of which breaks into angular particles more perfect than the 
particles in the corresponding horizon of the Chester soils. The surfaces of these 
particles have a stronger color, usually deeper brown with, in some cases, a faint red¬ 
dish shade, than the insides, the latter being yellowish brown. In the lower part of 
this horizon, which ranges up to 18 inches in thickness, the particles into which the 
material breaks are larger and are coated with dark-colored material. Although this 
material has not been removed and analyzed separately, the composition of this 
horizon or subhorizon, in a few cases where the material from the whole subhorizon 
has been collected and analyzed, indicates that it is composed mainly of organic 
matter. The parent material consisting of highly calcareous glacial drift lies at a 
depth ranging from 18 to 40 inches. The change from the leached solum to the un¬ 
leached parent material is abrupt. The solum contains no carbonates. 

The Miami soils, being the normal soils of the region, have developed in normally 
well-drained situations. A considerable proportion of the total area, however, is not 
well drained, and other areas are sufficiently smooth in relief to cause imperfect 
though not poor drainage. On the latter areas a soil has developed having the general 
features of the Miami profile in the A and B horizons, but in the lower part of the B 
horizon a layer much heavier than that in the corresponding part of the Miami profile 
is present. When dry the material is very hard, but when wet it is plastic. It breaks 
into cubical blocks an inch or less in diameter. The outsides of the blocks are covered 
with an almost black coating, whereas the insides are variegated, ranging from yellow 
to brown. This material lies abruptly on the parent glacial material which is identical 
in character with that underlying the Miami soils. These soils with a heavy B 
horizon are mapped as members of the Crosby series. The A horizon is invariably 

The areas of Clyde soils, as shown on the soil map (Plate 5, sections 1,2,7, and 8), 
lie mainly along the Great Lakes. These constitute the large areas of soils dark 
enough to be grouped with the Clyde series on the large soil map, but a great number 
of small areas lie scattered widely over the general region of Miami and associated 
soils. Only the larger of these areas is shown. The small map (fig. 14), consisting 
of a section of the detailed soil map of Hancock County, Ind., shows the great 
number of these areas of dark-colored soils which are here intricately associated 
with the light-colored Crosby soils. The region of intricately associated Clyde, 
Brookston, Crosby, and Miami soils is popularly called in Indiana the “black and 
white” region. 

In the southern peninsula of Michigan and in eastern Wisconsin, north of the 
general area dominated by the Miami and related soils, all of which are shown as 
Miami on the map, are soils which are shown as Superior. These include a number of 
series, all the soils of which have developed from reddish-colored calcareous glacial 
material. Some of this material occupies flat areas and some of it rolling morainic 
areas. The greater part of it is morainic, and the soils are normally well drained, but 
in general the texture is heavy and in this region where the climatic conditions are 
not so powerful in developing the normal profile of the Gray-Brown Podzolic soils as 
farther south, the profile is not yet well developed. Where the profile is well de¬ 
veloped, usually in areas where the material is somewhat sandy, some of these soils 
are mapped, in detailed mapping, as members of the Isabella series. All these soils, 
however, have been shown on the soil map in this report as Superior. 

Considerable areas of Fox soils are shown on the soil map in association with 
the Miami. These are soils with a normal Miami profile so far as the solum, or A and 
B horizons, is concerned, but the parent material consists of gravel deposits laid down 
by glacial waters flowing from the ice front, the gravels being mainly limestone. The 
soils have developed a normal well-defined Gray-Brown Podzolic profile. The transi¬ 
tion from the decomposed material to the limestone gravel is fully as abrupt as that 
from the decomposed material beneath the Miami to the calcareous drift. 

GIBSON, CLERMONT, AND ASSOCIATED SOILS 

Figure 14—Section of detailed soil map of Hancock County, Ind., showing the intricate association of dark-colored and 
light-colored soils in the region. 

lighter in color than the corresponding horizon of the Miami soils showing the effect 
of imperfect drainage which is due in part to water logging caused by the slow percola¬ 
tion of meteoric waters through the heavy lower B horizon. Their occurrence on 
flat areas is responsible in part for the imperfect drainage of these soils. 

The topographic relationship of the Miami and Crosby soils, as brought out by 
the detailed mapping, is essentially like that of the Sassafras and Portsmouth, or still 
better, that of the Sassafras and Leonardtown soils of the coastal plain of Maryland 
and Virginia. The Miami soils occupy rolling areas, the Crosby, flat areas. The 
Miami soils in central Indiana lie along the streams, the Crosby soils in the interior. 
In Michigan and Wisconsin, in morainic regions, the relief is predominantly rolling. 
The Miami or closely related well-drained soils become dominant, and Crosby soils 

occur in only a few places. 
Although the Miami soils are the normal soils of this region, only about half of 

all the soils, in some cases much less than half, have developed the normal profile. It 
has been pointed out that the Crosby soils have an abnormally developed profile, but 
large areas of other soils have an imperfectly developed profile, in which there is no 
abnormal development but merely lack of development. This is due not only to 
imperfect drainage but to total lack of natural surface drainage. Such soils have been 
subjected to ground water, the surface of which has lain practically at the surface of 
the land throughout the area until within the last fifty years, since which time they 
have been drained by artificial means. These soils are shown on the map, where they 
occur in large areas, as Clyde soils. There are, however, two general groups of soils, 
both of which are shown on the map as Clyde, a group of black and one of dark 
grayish-brown soils. The black soils constitute the true Clyde soils, and the dark 
grayish-brown soils belong to the Brookston series. The difference between the 
two is a difference in the intensity of the dark color, and it is caused by difference of 

drainage. 

A belt of soils lies along the north side of Ohio River, extending from southwestern 
Ohio into southern Illinois and including several members, but soils of the Gibson 
series are dominant. (Fig. 
15.) Typical Gibson soils 
do not extend throughout 
the whole stretch although 
shown as dominant on the 
soil map. (PL 5, sec. 7.) 
Much of the stretch has 
not been mapped, this being 
true not only in southern 
Indiana but also in south¬ 
ern Illinois. Gibson soils 
cover a large part of the 
area, but in the belt as a 
whole the distribution of 
soils as shown on the map 
is based on very general 
knowledge only. The most 
important or dominant 
soils in the belt are those 
of the Clermont, Gibson, 
and Tilsit series in Ohio 
and Indiana and a series 
designated in the old map¬ 
ping of southern Illinois 
by the State as “gray silt 
loam on tight clay.” It is 
probable that the latter 
soils are similar to those of 
the Vigo series in south¬ 
western Indiana. 

The soils with the sim¬ 
plest profile in this group are 
members of the Clermont 
series. These are soils which have developed in situations where drainage is imper¬ 
fect. They lie on flat areas and have been subjected to the influence of high ground 
water during the winter and spring, but they dry out in summer. They were at one 
time covered with a forest, mainly of pin oak, with hickory in places. The flat areas 
on which they lie constitute remnants of the original constructional surface or of an 
erosional surface produced by a cycle of topographic development preceding the one 

now in progress. 
The Clermont soils are not normal soils of the Gray-Brown Podzolic group but 

are mentioned first in this discussion because they may be used as a starting point. 
The surface soil in virgin areas contains the usual leaf mold. The upper part of the 
mineral soil to a thickness of 3 inches, more or less, is dark colored, due to impregna¬ 
tion of organic matter not highly decomposed. This is underlain by mottled material 
which does not change greatly in texture from the surface downward. There is no 
well-defined A horizon of relatively light texture and light color underlain by a B 
horizon of heavier texture and stronger color. There are slight variations in texture, 
but so far as studies have been carried, there seems to be no well-defined systematic 
relationship of these layers one to the other such as would be the case if they w'ere 
parts of a normally developed soil profile. Percolating water has not been a strong 
factor in such development as has taken place. The soils have been subjected to the 
influence of ground water rather than to downward percolating water. The chemical 
composition of a profile of Clermont silt loam from southeastern Indiana will be 
discussed in connection with the chemical composition of the soils of the major group. 
The soils contain no carbonates and not a high content of alkalies and alkaline earths, 
although they can not be described as thoroughly leached soils. The parent material 
is calcareous glacial drift of Illinoian age, but the carbonate has been leached to a depth 

of about 10 feet from the surface. 
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Three series of soils, associated with the Clermont in southwestern Ohio and 

southeastern Indiana, include the Cincinnati, Fairmount, and Rossmoyne series. 

The Cincinnati soils are relatively important, but on the soil map they have been 

included with the Gibson soils. They occur in eroded areas and have developed, 

so far as development has taken place, under the influence of good drainage. They 

differ, however, very greatly in respective stages of development as well as in the 

parent materials. The Cincinnati soils lie on the slopes, especially the higher slopes, 

where the original calcareous Illinoian glacial drift has been uncovered and exposed 

They have developed from this drift and, developing under good drainage, have 

developed a normal Gray-Brown Podzolic profile. They represent the normal soil 

of the region developed from the same material as the Clermont soils. The profile in 

all essential features is like that of the Miami soils, but it has reached a more advanced 

stage of development. The A horizon is twofold, consisting of a thin dark-colored 

layer immediately beneath the leaf mold with a lighter colored and relatively light 

textured layer beneath it extending downward somewhat less than a foot. The A 

horizon has essentially the same structure as the corresponding horizon of the Miami 

soils. The B horizon is somewhat heavier than the A, has a uniform brown or faint 

reddish-brown color, breaks into angular particles, the color of each being stronger 

on the outside than on the inside, where the color is slightly yellowish brown. 

Between the B horizon and the unleached material below is a transitional zone of 

leached glacial drift. This horizon is much more consistently present in these soils 

than in the soils of the Miami series. It will be remembered that in the Miami soils the 

transition from the B horizon to the unleached parent material is in many places abrupt. 

The Fairmount soils lie on steep slopes below the level of the outcrop of glacial 

drift. They are developing from material accumulated by the disintegration and 

decomposition of the underlying Paleozoic rocks consisting of limestones and cal¬ 

careous shales. Only a thin layer of material has accumulated because of the steepness 

of the slope. Practically no profile development has taken place and very little leach¬ 

ing, the accumulation of some organic matter in the surface soil giving it a darkish 

color constituting practically the only profile development. In most cases the soils 

effervesce from the surface downward. The dark-colored layer is thicker and in 

general darker than the corresponding layer in the Cincinnati soils, the organic 

matter being held by the abundance of calcium carbonate in the soil material. In 

this respect these soils have a remote relationship to the “black waxy soils” of Texas. 

The Rossmoyne soils occupy, on detailed soil maps, a fringe or border around 
areas of Clermont soils. They have a solum, slightly thinner than normal but other¬ 
wise typical, like that of the Cincinnati soils or the normal regional profile. Beneath 
this the material is essentially identical with that of the Clermont soils. The Ross¬ 
moyne soils lie in a strip which, until a very recent date (geologically) was flat and 
covered with Clermont soils. As the invasion of the flat Clermont area by the head¬ 
water streams of the region progresses, a narrow belt around the heads of these 
streams becomes relieved of ground water and normal podzolic development takes 
place. In a belt of small but irregular width the soil profile attains the stage described 
before more active erosion removes it entirely. This belt constitutes the belt of 
Rossmoyne soils. 

In southern Illinois, the western end of this belt of soils, the topographic condi¬ 

tions under which the soils have developed are essentially the same as those in south¬ 

western Ohio, where Clermont soils are dominant. The geological conditions are 

also seemingly identical, but no data are available regarding possible slight differences 

of chemical composition of soil material. The soils on the upland flats in situations 

corresponding to those in which the Clermont soils have developed at the other end 

of the belt, were developed mainly under a grass cover but they are not typical 

Prairie soils12 like those in Northern Illinois, and, although they are darker in color 

than the Clermont soils, their topographic, geologic, and geographic relationships to 

the Clermont soils are so close that they are described here as related to the Clermont 

rather than to the Prairie soils. Their profile, however, is entirely different from that 

of the Clermont soils. The profile is striking, but it is not the normal podzolic profile 
of the region. 

The surface soil is dark grayish brown and extends to a depth of 6 or 8 inches. It 

is thicker than the dark-colored layer of the Clermont soils but is not so dark as the 

thin surface layer or leaf mold. The thicker layer of dark material is due to develop¬ 

ment under grass cover. Beneath the dark-colored layer the material is gray or 

nearly white, structureless, but with a laminated arrangement. The gray layer 

extends to a depth ranging from about 12 inches to 2 feet from the surface. It is 

underlain abruptly by heavy tough plastic clay which varies in color from nearly 

black through reddish to bluish gray. The color of this layer is, however, the color 

of the outsides of the particles into which the material breaks on drying. Owing, 

presumably, to the expansion and contraction on wetting and drying, this material 

breaks into more or less cubical blocks, varying greatly in size. The primary blocks 

range around an inch in diameter, but these break further into very small but angular 

particles. This layer ranges up to a foot or a little more in thickness and is underlain 

by heavy mottled clay which in turn is underlain by the unweathered calcareous 

Illinoian drift lying at a depth of 10 feet, more or less. This soil is shown on the map 

as Cory, but considerable areas in Illinois, south of the area of Cory soils, shown on 

the map as occupied by Gibson soils, are occupied by Cory soils. In the mapping 

by the Illinois Soil Survey the soils of this part of the State have been differentiated 

into a number of types, but the basis of differentiation is not exactly the same as 

that used here. An attempt is made here to generalize and express the soils in terms 

of the features to which weight is given by the Bureau of Chemistry and Soils. The 

results, as shown on Plate 5, section 7, of the soil map, must be regarded as very 

general. 

The Cory soils lie on flat uneroded areas. Along the stream belts or the narrow 

hilly belts along the creeks in southern Illinois, soils with a profile in the upper part 

of the solum identical in general character with the normal podzolic profile—the 

Miami or Cincinnati profile—have developed, and similar soils lie south of the main 

Cory areas, occupying most of the southern part of the State. These soils are indi¬ 

cated on the soil map (pi. 5, sec. 7) as members of the Gibson series. Their character¬ 

istics are intermediate between those of soils like the Miami or Cincinnati and those 

of the true Gibson. In the extreme southern end of the State the soils have developed 

from loess. The profile resembles Miami, but on account of their southern situation 

assume to some extent the features of the Memphis soils (p. 44). They have been 

combined for the purpose of the soil map in this Atlas with the Clinton soils 

(p. 30). 

The Gibson series includes soils developed, under conditions of good drainage 

and also under forest cover, not merely from the same material as that from which 

the Cory soils are derived, but also soils which have developed in part from original 

Cory soils. A normal soil developing from the parent material from which the Cory 

soils have developed would have the Cincinnati profile, but the Gibson profile is not 

identical with that of the Cincinnati because of the presence of what seems to be an 

inherited remnant of the heavy layer present in the Cory soils. 

The profile of the Gibson soils in its upper part is essentially identical with the 

corresponding part of the profile of the Cincinnati soils. In the lower part of the 

B horizon, however, gray spots begin to appear and these increase in number down¬ 

ward until, at a depth ranging from 2 to 3 feet, they have become so large a part of 

the whole soil mass as to form a more or less well-defined gray layer. This varies 

in definiteness of expression from place to place, depending on the perfection of 

drainage. The gray layer is immediately underlain by heavy rather tough plastic 

clay which breaks definitely into well-defined vertical columns. The upper ends of 

the columns terminate abruptly and are rounded. They grade with depth into the 

weathered leached material identical with that under the Cory soils. Presumably the 

situations in which the Gibson soils now lie were formerly occupied, before the 

present erosion cycle developed, by soils similar to those of the Cory series or former 

representatives of these soils. As the topographic cycle within the region ran its 

course, lowering the ground-water surface and allowing the normal soil profile to 

develop, the Gibson soils, formed on flat areas and, being presumably similar in 

character to the Cory, have developed a normal profile in the upper part but retain 

a remnant of the original heavy layer in the lower part of the soil profile. 

In southern Indiana and northern Kentucky a considerable area of Tilsit soils 

is shown on the map. These are soils which have developed from material accumu¬ 

lated by the decomposition of sandstones and shales in place on flat relief in situations 

topographically similar to those occupied by the Clermont and Cory soils but with 

better surface drainage. They have developed under timber cover, and the upper 

part of the profile is essentially identical with the normal profile of the region, with 

the exception of a slightly more yellowish color in the B horizon than occurs in the 

Cincinnati or Miami soils. Beneath the B horizon, however, these soils are similar 

to the Gibson soils. In the lower part of the B horizon gray spots begin to appear. 

These increase in number with depth and finally develop into a more or less well- 

developed gray layer which is, in turn, underlain by a heavier layer. 

The area of sandstones and shales in southern Indiana, on the flat areas on which 

the Tilsit soils have developed, extends southward and occupies a large area in 

Kentucky. The larger part of this area, as well as a fringe around it in Indiana is 

covered on the soil map (pi. 5, sec. 7) by Muskingum soils. Small areas, however, 

of Tilsit soils occur well distributed over this area. These Tilsit soils in Kentucky 

have developed from sandstone and shale material accumulated in place through the 

decay of those rocks. The profile seems to be slightly different from that of the 

Tilsit soils in Indiana. In the Kentucky area the layer corresponding to the heavy 

clay with columnar breakage underlying the gray layer in the Indiana soils seems to 

be lighter in texture than clay and is an indurated layer rather than a tough plastic 

and columnar layer. This is known to be the case in parts of the area, especially in 

Muhlenberg County, but the rest of the area has not been studied. 

Associated with the dominant and most characteristic soils of this region, which 
have just been described, are a number of less important soils. One of the series 
consists of the Muskingum soils, already described, which lie east of the area of 
Tilsit soils in Indiana and surrounding the Tilsit area in Kentucky. The Muskingum 
soils, fringing the Tilsit areas in both Indiana and Kentucky, are essentially identical 
in both States. These soils occur on slopes, and because of such occurrence have not 
developed the normal mature profile of the region. The A and B horizons have not 
been clearly developed by eluviation and leaching, and in considerable areas they 
are shallow. 

Another area of Muskingum soils, larger than that along the Tilsit border belt, 

is separated from the latter in Indiana by a belt of soils shown on the map as Hagers¬ 

town soils. The latter are soils developed from material accumulated in place by the 

decay of limestones and developed under good drainage. This area in Indiana is 

separated in detailed mapping into a number of series, all from limestone material 

and each characterized by the general features of the Gray-Brown Podzolic soils, but 

differing one from the other in minor details of profile features caused by imperfect 

but not poor drainage, shallowness of parent material layer, incipient development of 

Gibson features in the deep subsoil, and other minor features. They have all been 

grouped and shown as Hagerstown on the soil map. (PI. 5, sec. 7.) (For Hagers¬ 
town description see p. 24.) 

This belt extends into Kentucky from Indiana, stretching along the east and south 

sides of the Tilsit-Muskingum area in the latter State. Along the east side of this area 

the belt contains soils like those in Indiana. That part along the south side is made 

up of soils in which the B horizon is distinctly reddish rather than brown or faintly 

reddish brown. The A horizon is yellowish below the upper 3-inch layer which is 

dark colored. These soils, on the basis of the color of the B horizon, could be 

grouped with the Red and Yellow soils. They have developed from limestones con¬ 

taining a high percentage of carbonates and a low percentage of siliceous impurities 

except chert lenses. Such rocks in the eastern United States are always covered bv 

soils redder than the normal mature soils, derived from other rocks, associated with 
them. 

The Lowell soils occupy a large area in northern Kentucky west of the broad area 

of Muskingum soils lying in the Allegheny plateau of the eastern part of the State 

The Lowell soils as shown on the map cover a large area, indicated as uniform through¬ 

out, but the uniformity is apparent only and is due to an absence of information 

The existing knowledge regarding the characteristics of the soils of this area is prac¬ 

tically nil so far as definite knowledge of specific soil character is concerned The 

same statement can be made regarding the character of the soils in practically any 

other part of Kentucky. The only basis for such differentiations as have been made 

in the State is that gained in the study of three or four small areas, supplemented by 
general geographic and geologic knowledge. 

The soils within the area marked Lowell on the map have developed from mate¬ 

rial accumulated by the decay of limestones in place, the limestones being relatively 

low in carbonates and high in argillaceous impurities but generally free of chert The 

soils are light colored in the A horizon and have a faint reddish-brown or brown B 

horizon which in many places is thin or entirely absent because of shallowne-s of the 
1S They are included with the Prairie soils on the legend of the soil map. (PI. 2.) 
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soil. In such cases these soils approach the Fairmount soils in character. Where 

the layer of disintegrated and decompos'ed material overlying the limestone rock is 

4 feet or more thick and drainage good, a profile similar to that of the Hagerstown 

soils is developed, but the layer of disintegrated material beneath the B horizon is 

tough, sticky, and plastic rather than friable as in the case of the Hagerstown. The 

lower part of the B horizon in many places contains dark-colored splotches of iron or 

manganese oxide, indicating imperfect drainage. One or two analyses of samples 

from these soils have been made and will be discussed later. 

The Clarksville soils, as shown on the map, occupy a narrow belt along the west 

side of the Lowell area in Kentucky and a broader belt extending southward from the 

south side of the same area, over a belt lying west of the large Allegheny-Muskingum 

area of Kentucky and Tennessee. The Clarksville belt in Tennessee is narrow. 

These soils occupy long narrow strips in the intermountain valleys of the Appalachian 

region of Tennessee, Georgia, and Alabama, and a larger area is in the Ozark region. 

Figure 16.—Strawberries on Baxter stony loam, Newton County, Mo. 

Very little definite knowledge regarding the characteristics of the soils in all these 

areas is available, as practically no studies have been made of them. Such knowledge 

as is available is based on information obtained at random in traveling back and forth 

over the country while carrying on field research in other areas. No more work has 

been done by modern methods in Tennessee than in Kentucky and but little more in 

the Clarksville region of Missouri. 
In general the Clarksville soils have developed from material accumulated by the 

decay in place of cherty limestones. The amount of chert in the soil material and the 

soil is usually large, in many cases amounting to 75 per cent. The presence of this 

large amount of chert has favored leaching. The soils have developed under a high | 

rainfall, a relatively warm temperate climate, and an oak forest cover which is often 

scrubby. The surface soil is light in color, in many places gray at the surface, but it 

changes to pale yellow at a depth of a few inches. The B horizon is yellow with 

a faint reddish shade, and the disintegrated parent material below the B horizon is 

red. It is apparent that the color of the A and B horizons is due to excessive leaching, 

Figure 17.—'Typical hardwood (red oak) on Baxter stony loam, Newton County, Mo. 

the iron being partly removed even from the latter. It can not be ascribed to imper¬ 

fect drainage since drainage is good throughout. 

These soils constitute essentially a projection of the Red and Yellow Soils north¬ 

ward into the general region of Gray-Brown Podzolic soils. They are like the Red 

and Yellow soils in many profile features and in the thoroughness with which they 

have been leached. 

BAXTER AND ASSOCIATED SOILS 

In that part of the Ozark region underlain by limestones, covering southern Mis¬ 

souri and a small part of northern Arkansas, the dominant soils are members of the 

Baxter series. (Figs. 16 and 17.) These are reddish members of the Gray-Brown 

Podzolic soils. Their red color is in part a result of their development along the south¬ 

ern border of the region. Throughout this part of the belt, extending from the mouth 

of Chesapeake Bay westward along the southern border of the Gray-Brown Podzolic 

region the soils are reddish. 
Baxter soils have been mapped in the western part of the central Tennessee lime¬ 

stone region in association with the Hagerstown soils. The profile consists of a light 

grayish-yellow A horizon, with a thin dark-colored layer at the surface, and a reddish- 

brown B horizon with a relatively slight development of the texture profile. (Fig.18.) 

This is caused in part by the great abundance of chert fragments in the soil material, 

which has allowed oxidation but has not favored eluviation. It is possible, however, 

that the absence of extensive eluviation is partly owing to the prevailing occurrence 

of these soils on comparatively steep slopes. The soils are relatively young, the ma¬ 

terial not having been allowed to lie in place long enough for profile development 

other than the color profile. Their reaction is definitely acid, and the iron has been 

removed from the A horizon. They may be considered as reddish members of the 

Clarksville series, but because of their occurrence on smooth relief, their less well 

developed profile, and their less leached condition, they are somewhat more produc¬ 

tive than the Clarksville soilswhich occur on smoother areas than the Baxter soils. 

On flat areas in the 

Ozark region as well as in 

the highland rim of Ten¬ 

nessee, a soil has developed 

from the same material as 

that from which, in better 

drained or more rolling- 

areas, Clarksville or, on the 

steeper slopes, Baxter soils 

have developed. (Figs. 19 

and 20.) This soil has a 

pale grayish-yellow A ho¬ 

rizon and a yellowish- 

brown B horizon with a 

slight reddish shade, be¬ 

coming mottled with gray 

spots in the lower part, 

and finally grading into an 

indurated horizon at a 

depth ranging from 24 to 

40 inches. This profile is 

essentially identical with 

that of the Leonardtown 

soils in the coastal plain of 

Maryland, and the Ritt- 

man soils in northern Ohio. 

They are shown on the soil 

map, Plate 5, section 7, as 

Lebanon soils. In the 

highland rim of Tennessee 

these soils are shown mainly 

as members of the Clarks¬ 
ville series because of the Figure IS.—Profile of Baxter stony loam, Newton County, Mo. 

small areas in which they 

occur. They lie, however, along both the east and west sides of the general region 

in Tennessee in which the Hagerstown and Baxter soils occur. They are identified 

in detailed work as members of the Lebanon series. 

In the southwestern part of the Ozark region, small areas mapped as Crawford 

consist of soils practically identical in their general characteristics with the reddish 

phase of the Hagerstown soils in northwestern Alabama and extreme southern 

Tennessee. They have developed from limestones containing a small amount of 

chert and have not been leached sufficiently to have produced the yellow color in the 

surface soil, which is associated with the Clarksville or Lebanon soils. 

GRAY-BROWN PODZOLIC SOILS IN PRAIRIE REGION 

Along the streams in the prairie region of Alissouri, Illinois, Iowa, and neighboring 

States, where the relief has been made rolling or somewhat hilly during the develop¬ 

ment of the existing topographic cycle, light-colored soils belonging to the Gray- 

Brown Podzolic group have developed. These areas, before their dissection, con- 

Figure 19.—Landscape of Baxter gravelly loam, Dickson County, Tenn. Hardwood forest on right. 

stituted part of the smooth plain, remnants of which now lie on the broad watersheds 

between the streams and on which prairie soils have developed. Before the dis¬ 

section, these areas may have been covered with Prairie soils. If so the 

erosion involved in the dissection removed the latter. The undeveloped soils on 

the newly exposed material were not so favorable to the growth of a luxuriant 

cover of grass as the smooth uneroded plains between the valleys. Forest trees 

established themselves, presumably because of the lack of competition with grass. 

Soil development, under the humid climate of the region and a forest cover, neces¬ 

sarily produced soils belonging to the Gray-Brown Podzolic group. As will be 

explained under the discussion of the Prairie soils, the only reason, so far as is now 

known, why the latter have not developed the characteristics of the Gray-Brown 

Podzolic soils is the influence of the grass cover. Where the grass vegetation was 

not luxuriant enough to prevent forest invasion, the conditions controlling soil 

development were identical with those in the Miami region farther east. These 

soils consist mainly of members of the Clinton and Bindley series. 
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An important belt of Gray-Brown Podzolic soils, mapped as members of the 

Clinton series, lies along both sides of the Mississippi River from the mouth of the 

Ohio northward to Minnesota. This belt varies greatly in width, being narrow in 

Illinois and southeastern Iowa but very much broader in the driftless area of north¬ 

eastern Iowa and adjacent parts of Minnesota. These soils have developed from 

silty material which, presumably, is loess. If loess, it is relatively old and, except 

where the slopes are steep, a normal soil profile has developed on it. This is a typical 

Miami profile. The soils are not identified as members of the Miami series, how¬ 

ever, because of their probable derivation from loess, even though it be calcareous. 

In all essential characteristics of the solum, however, the Clinton soils are Miami 

soils. The A horizon is well developed. It is grayish brown in color with a thin 

laver impregnated with organic matter at the surface beneath a thin layer of leaf 

mold, and the B horizon is brown with a faint reddish shade, especially in the southern 

part of the belt. The material breaks into the usual small angular particles similar 

to those in the B horizon of the Miami. The lower part of the B horizon of the Clinton 

soils differs from the corresponding part of the Miami in the absence of the thin 

dark-colored coating on the outsides of the breakage particles. So far as the solum 

is concerned this is practically the only difference from the Miami. The outsides of 

the structure particles are stronger in color than the insides, the latter being slightly 

yellowish. The B horizon is underlain by rather loose silty material from which 

the lime carbonate has been removed in the upper part but is still present within a 

few feet below the B horizon, usually less than 10 feet from the surface. Where the 

layer of silty material is less than 10 feet thick the lime carbonate has in places been 

entirely removed. 
The Boone soils in western Wisconsin have a typical Gray-Brown Podzolic 

profde, very similar to that of the Clinton soils. These soils have developed from 

material accumulated by the disintegration of sandstones and shales. 

In northeastern Missouri and adjacent parts of southeastern Iowa and in smaller 

areas elsewhere, soils of another group, with a general profile essentially identical 

with that of the Clinton soils but which have developed from glacial drift, have 

been given independent status as members of the Bindley series. They occupy 

narrow belts along the streams in the prairie region of those parts of Iowa and Mis¬ 

souri just mentioned. Several other soil series have been mapped in this region, 

but they do not differ, so far as general characteristics are concerned, from the Clinton 

and Lindley soils and have all been placed on the map as members of these series. 

Figure 20.—Lumbering scene on Baxter stony loam, Dickson County, Tenn. 

Broad belts of alluvial material lie along all the streams in this region, the width 

varying mainly with the size of the stream. The material from which this alluvium 

came is mainly Prairie-soil material. It is relatively dark, especially the alluvium 

along the Mississippi River and along the streams in the prairie region. These 

dark-colored soils have been mapped mainly as members of the Wabash series. 

East of the prairies, however, light-colored alluvial soils lie along the streams. They 

are shown on the map as members of the Waverly, Genesee, and Huntington series. 

The Waverly soils are usually silty, almost white in color, in many places underlain 

by heavy tough clay subsoils, and are poorly drained. 

The Huntington soils are brown well-drained alluvial soils deposited along 

streams south of the glacial boundary, which flow across country underlain by rocks 

containing an important limestone constituent. The Genesee soils are also brown well- 

drained soils occurring mainly along streams draining glaciated regions. The 

Genesee and Huntington soils are similar in their general characteristics. 

The Gray-Brown Podzolic soils cover a large area in the LTnited States. They 

were settled at an early date, are moderately productive, and occupy a region in 

which the climatic conditions are favorable to agricultural development. Yields 

are not high, but under careful treatment they are good, the variety of crops that may 

be grown is very great, and the situation with respect to markets is favorable. 

COMPOSITION OF GRAY-BROWN PODZOLIC SOILS 

Samples from the most important series groups of the Gray-Brown Podzolic 

soils have been subjected to complete chemical analyses. The samples were collected 

very carefully, by horizons, and practically all of them from virgin soil. In all cases 

complete fusion analyses were made, and in a few the colloid material was extracted 

and subjected to complete analysis. In most cases the parent material, presumably 

identical with the unconsolidated material now lying beneath the solum, has been 

included, but in none has the consolidated rock been sampled along with the sampling 

of the soils. 

The Gray-Brown Podzolic soils have developed from materials ranging widely 

in geologic age, character, and mineralogical composition including Paleozoic, Ar¬ 

chaean, and Triassic consolidated rocks, sandstones, shales, limestones, schists, gneisses, 

and eruptives; unconsolidated sands, clays, and marls of Cenozoic age and deposits of 

Pleistocene age including ice-laid, wind-laid, and water-laid materials. In a few 

cases, such as the Chester, Penn, and Hagerstown soils, the composition of rocks 

that can be identified with reasonable certainty as the sources of the parent soil 

materials, has been published in geological literature. In by far the majority of 

cases, the soils of the Gray-Brown Podzolic group have developed from unconsolidated 

rocks, and these constitute the C horizon in the tables of analyses. 

COMPOSITION OF SASSAFRAS SOILS 

The tables of analyses covering the Gray-Brown Podzolic soils (tables 14, 16, 

18, and 19) include four samples, from as many different localities, of Sassafras 

soils. The sample from Cabin Creek, Dorchester County, Md., was collected from 

a locality where the profile features of the series were well developed. It includes 

the leaf mold, a thin Ai horizon with nearly 4 per cent of loss on ignition, practically 

all of which represents organic matter mixed with the sand, a thick sandy A2 horizon, 

a well-defined B horizon, and a loose reddish-yellow sandy C horizon below a depth 

of 33 inches. The mechanical analyses (table 14) show a total silt and clay content 

in the B horizon of 22.3 per cent, in the C horizon of 16.5 per cent, and in the A2 

horizon of 7.8 per cent. The texture profile is well developed. The high content 

of silt and clay, indicated in the mechanical analyses, in the leaf mold consists merely 

of finely divided organic matter. 

Table 14.—Composition of Sassafras sandy loam, Cabin Creek, Md4 

Chemical2 

Sample Hori- 
No. zon 

Depth 

Si02 Ti02 Fe2Os AI2O3 MnO CaO MgO IC2O Na20 P2O5 SOs 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

29408 

29407 

2940S 

29409 

29410 

Ao 

M 
A2 

B 

C 

Inches 

0- 2i 

4-20 

P. ct. 
fa 59. 46 
l* 88. 22 
/« 87. 83 
l6 91. 38 
p 90. 57 
\ ” 91. 90 

20-32 
/« 80. 74 
\b 83. 83 

33-60 
f« 82. 03 
P 84. 60 

P.ct. 
0. 28 
.42 
.34 
. 35 
.29 
.29 
.34 
.35 
.29 
.30 

P.ct. 
1.48 
2. 20 
1.76 
1.83 
1. 11 
1.13 
2. 25 
2. 34 
2. 25 
2. 32 

P. ct. 
3.15 
4. 69 
3. 92 
4.08 
4. 77 
4. 84 

10. 58 
10. 98 
8.57 
8. 83 

P.ct. 
0. 01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

P. ct. P. ct. P. ct. 
0. 45 0. 25 1.20 
.67 .37 1. 78 
.24 .14 1.62 
.25 .15 1.69 
.16 . 14 1.62 
.16 .14 1.64 
.74 .26 1. 97 
.77 .27 2.04 
.76 .20 2. 07 
.78 .21 2. 13 

P. ct. 
0.16 
.24 
.16 
.17 
.09 
.09 
.44 
.46 
.42 
.43 

P.ct. 
0.11 
.16 
.03 
.03 
.02 
.02 
.08 
.08 
.07 
.07 

P. ct. 
0.22 
.33 
.06 
.06 
.05 
.05 
.06 
.06 
.07 
.07 

P. ct. 
32. 60 

"3.87" 

"iris’ 
”3.67 

’Tor 

P. ct. 
99. 37 
99. 38 
99. 97 

100. 00 
100. 27 
100. 27 
101. 14 
101.13 
99. 74 
99. 76 

P. ct. 
0. 770 

’Aoso’ 

"’.’620 

.’022' 

”.’008 

P. ct. 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fins 
gravel 
(diam¬ 
eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Iv.ches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

29403 7.2 31. 0 9.2 12.8 1.1 18. 7 19.9 99.9 

29407_ Ai 0- 2\ 10.5 36.4 15.3 20.9 1.9 9.1 5.8 99.9 

2940S_ A2 4-20 18. 2 46.8 13.4 13.4 .4 4.8 3.0 100.0 

29409_ B 20-32 2.2 16.6 14.3 41. 6 3.0 10.1 12.2 100.0 

29410_ G 33-60 4.9 30. 2 19.6 26.0 2.6 7.0 9.5 99.8 

1 Collected by C. F. Marbut. 
2 Analyzed by G. J. Hough, S. Mattson, G. Edgington, and I. A. Denison. 
3 Analyzed by A. A. White. 

The chemical composition, Table 14, shows the highest content of silica, 92 per 

cent, in the A2 horizon and the lowest in the B horizon. The content of alumina is 

highest, 11 per cent, in the B horizon and lowest in the A0 horizon, though all the 

subhorizons of the A horizon are much alike. The C horizon contains nearly 9 per cent 

alumina. The content of iron oxide is lowest in A2, as would be expected, and highest 

in B, though those in B and C are practically identical. The percentages in A0 and 

Ai are not widely different but are much higher than in A2. 

The complete analysis does not indicate any concentration of alkalies and alka¬ 

line earths in the B horizon, but the percentage of CaO is nearly twice as high in 

the leaf mold as in the rest of the A horizon but less than in B or C. The percentage 

is small in all cases and the proportion of possible analytical error is necessarily 

large. The higher percentage in A0, however, is consistent with the results obtained 

in the Gray-Brown Podzolic soils in general. 

The complete analysis shows an apparent accumulation of alumina in the B 

horizon over that in the C and a marked loss of the same constituent in all divi¬ 

sions of the A. It shows also that there is no accumulation of organic matter in 

the B horizon, differing from the Podzols in this respect, the amount in A0 being a 

little less than 30. 

The amount of feldspathic material in the coastal-plain deposits is extremely 

small. Any accumulation of alumina in the B horizon over that in the C can be 

due, to an extremely slight extent only, to the more thorough decomposition of the 

feldspars and the consequent loss of silica. 

The several ratios, sa, sf, and ba, as well as the molecular equivalent composi¬ 

tion in Si02 A1203, and Fe203 are shown in Table 15. 

Table 15.—Sassafras sandy loam, Cabin Creek, Md. 

Sample No. Horizon 
Depth in 
inches 

Ratios Molecular equivalent 
composition 

sa sf ba Si02 Fe2C>3 AI2O3 

29408__—-- A2 4-20 32.3 215.4 0. 454 1.53 0.007 0. 047 
29409_ B 20-32 12. 99 94.9 .398 1.39 .014 . 107 
29410___ C 33-60 16.28 96.6 .502 1.409 .014 .086 

The silica-iron oxide ratio in B and C are the same. The alumina in B, however, 

has been increased by 25 per cent. Both iron oxide and alumina in A2 have decreased, 

but the iron oxide has been lost from the solum, whereas at least part of the alumina 

has been precipitated in B. The lack of precipitation of iron oxide in B may pos¬ 

sibly be due to the low content of bases. 

The sa ratios for the B and C horizons of 13 and 16.28 show an increase of about 

20 per cent of alumina in the B horizon, practically all of which must be due to illu¬ 

viation. The much larger figure for the A horizon shows a very great loss of alumina, 

apparently more than can be accounted for by the accumulation in the B horizon. 

The ratios of silica to iron oxide in the B and C horizons are nearly the same, that 

for the B horizon showing an accumulation of little more than 1 per cent. The B 

horizon in this soil is one in which alumina alone has accumulated to an important 

extent. 
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The ba figures show important loss of alkalies and alkaline earths in both the 

A2 and 13 horizons. When, however, allowance is made in the B horizon for the 

accumulated alumina, about 20 per cent over that in the C, it will be seen that the 

difference between B and C becomes very small. 

The sample from Atlantic, Va. (Table 16) has a well-defined color and texture 

profile. The mechanical analysis shows the percentage of clay in the A, B, and C 

horizons to be 6.8, 29.8, and 6.6 per cent, respectively. The complete analysis shows 

an apparent accumulation of alumina in the B horizon and of silica in the A. 

Table 16.—Composition of Sassafras sandy loam, Atlantic, Va.1 

Sample 
No. 

29419 _ 

29420 _ 

29421 _ 

Hori¬ 
zon 

Depth 

Inches 

11-10 

13 -34 

34 -53 

Si02 

P. ct. 
085. 96 
087. 61 
/“81. 05 
083. 38 
087. 38 
088.39 

Chemical2 

Ti02 

P. ct. 
0.59 
.60 
.59 
.61 
.41 
.41 

Fe203 

P. ct. 
1.74 
1. 77 
3. 21 
3. 30 
1.26 
1. 27 

ai2o3 

P. ct. 
6.26 
6.38 
9.13 
9. 39 
6. 32 
6. 39 

MnO 

P. ct. 
0.04 
.04 
.03 
.03 
.01 
.01 

CaO 

P. ct. 
0. 40 
.41 
.20 
.21 
.46 
.46 

MgO 

P. ct. 
0.36 
.37 
.40 
.41 
.18 
.18 

K20 

P. ct. 
1.54 
1.57 
1.65 
1.70 
1.75 
1.76 

Na20 

P. ct. 
0.58 
.59 
.49 
.50 
.76 
.77 

P205 

P. ct. 
0.02 
.02 
.02 
.02 
.01 
.01 

so3 

P. ct. 
0.07 
.07 
.05 
.05 
.05 
.05 

Igni¬ 
tion 
loss 

P. ct. 
1.91 

2.80 

"l."15" 

Total 

P. ct. 
99.46 
99. 43 
99. 62 
99. 60 
99. 74 
99. 70 

N 

P. ct. 
0. 020 

.020 

”7616" 

co2 
from 
car¬ 
bon¬ 
ates 

P. ct. 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 

0.1-0.05- 
mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
29419_ A 14—10 0.4 2.2 3.7 49.4 6.0 31.4 6.8 99.9 
29420_ B 13 -34 0.0 1.2 2.4 48.0 4.9 13.5 29.8 99.8 
29421_ C 34 -53 0.0 1.3 2.9 75.2 7.4 6.7 6.6 100.1 

1 Collected by C. F. Marbut. 
2 Analyzed by R. S. Holmes, S. Mattson, G. Edington, and I. A. Denison. 
3 Analyzed by A. A. White. 

The amount of feldspathic material in the C horizon, according to rapid micro¬ 

scopic examination by W. H. Fry, of the Bureau of Chemistry and Soils, is no greater 

than in the Dorchester County, Md., sample. The possibility that the ratios have 

been influenced by the decomposition of silicates (feldspar) and the loss of silica 

may be left out of consideration. 

The several ratios, sa, sf, and ba, as well as the molecular equivalent composition 

in Si02, Fe203, and A1203 are shown in Table 17. 

silica-alumina ratio from the composition of the whole soil less the quartz silica. 

The composition of the colloid gives a means of doing this since the colloid contains 

no quartz silica or, if any, a very small percentage. The silica-alumina ratio (sa) 

of the colloid would give at least the approximate ratio of silica to the combined 

alumina. In the Talbot County sample this is 2.4. This indicates that leaching of 

silicate-silica has not yet advanced beyond the kaolinitie stage. 

Because of the smooth relief, good drainage, and the occurrence of slightly more 

sandy material, seemingly a geological matter, below the solum, the Sassafras soils 

of the Eastern Shore of Virginia are good representatives of the series. Because of 

their normal development, the presence of the characteristic features of the profile, 

the smooth relief, and mild climate, the area, though small, constitutes an extremely 

important agricultural district. A sample of the sandy loam was collected 2 miles 

south of Temperanceville, Accomac County, Va., and subjected to analysis. The 

results are shown in Table 19. 

Table 19.—Composition of Sassafras sandy loam, Temperanceville, Accomac County, Va1 

Sample Hori- 
No. zon 

29422. 

29423. 

29424. 

29425. 

Ai 

A2 

B 

C 

Depth 

Inches 

0-3A 

Vi-16 

16-30 

30-40 

Si02 

P. ct. 
”88. 73 
m. 62 
”93.78 
395. 04 
“91. 64 
'>92. 98 
“93. 70 
‘94. 77 

Ti02 

P. ct. 
0.17 
.18 
.24 
.24 
.29 
.29 
.01 
.01 

Al2Os 

P. ct. 
1.79 
1.87 
3.02 
3.06 
3. 83 
3. 89 
3. 51 
3. 55 

Fe203 

P. ct. 
3.84 
4.01 
.80 
.81 

1.43 
1.45 
1.08 
1.09 

MnO CaO 

P. ct. P. ct. 
0.02 0.08 
.02 .08 
.01 .28 
.01 .28 
.01 .22 
.01 .22 
.01 .28 
.01 .28 

Chemical 2 

MgO K20 

P. ct. 
0.18 

. 19 

.30 

.30 

.42 

.43 

.23 

.23 

P. ct. 
0.51 
.53 
.55 
.56 
.61 
.62 
.45 
.46 

Na20 P2O5 SO3 

Igni¬ 
tion 
loss 

Total N 

COs 
from 
car¬ 
bon¬ 
ates 

P. ct.. P. ct. P. ct. P.ct. Per ct. P. C-t. P. ct. 
0.17 0 01 0.12 4.23 99. 85 0. 090 

. 18 .01 . 13 99. 82 

.20 .02 .04 1.35 100. 59 .020 

.20 .02 .04 100. 57 

.16 .01 .03 1.45 100. 10 .023 

. 16 .01 .03 100. 05 

. 19 .02 .09 1. 14 100.71 .020 

.19 .02 .09 — 100. 70 — — 

Sample No. Horizon Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
29422_ A, 0-Vi 2.6 31. 6 24. 6 22. 6 1.5 11.9 5.1 99.9 
29423_ A2 H-16 1.9 24.7 23.1 24.6 2.0 19.0 4.5 99.8 
29424_ B 16-30 1.6 33.8 28.9 13.6 1.2 12.3 8.6 100. C 
29425_ C 30-40 2.1 36.4 34.0 16.3 . 2 3.7 7.2 99. s 

i Collected by C. F. Marbut. 
2 Analyzed by R. S. Holmes. S. Mattson, G. Edgington, I. A. Denison, and G. J. Hough. 
3 Analyzed by A. A. White. 

Table 17.—Sassafras sandy loam, Atlantic, Va. 

Sample No. Horizon 
Depth in 

inches 

Ratios Molecular equivalent 
composition 

sa sf ba Si02 Fe2C>3 AI2O3 

29419_ A 1)4-10 23.3 131.17 0.536 1.45 0.011 0. 062 
29420_ B 13 -34 15.0 67.0 .324 1.33 .02 .092 
29421_ C 34 -53 23.5 184. 43 . 62S 1.46 .0079 .062 

The sa ratios for B and C are wider apart than in the Dorchester County, Md., 

soil, that for B being 40 per cent smaller than for C, whereas those for A and C are 

identical. This fact is shown also by the total quantities. The A horizon has a 

relatively high content of alumina, however, the content of fine material being high. 

The high percentage of silica in A is the result of eluviation, that in C is owing to 

the character of the parent material. It is clear that alumina has taken part, to 

an important extent, in the eluviation, while the nitrogen content of the three 

horizons shows lack of accumulation of organic matter in B. 

The sf ratios show also an important accumulation of iron oxide in the B horizon. 

The complete analysis shows moderate apparent concentration of sesquioxides 

in the B horizon and low percentages of alkalies and alkaline earths throughout the 

profile. The content of potash in B is a little higher than in any of the other horizons, 

but those of calcium oxide and soda are lower. 

The sa, ba, and sf ratios for the A2, B, and C horizons, and the molecular equiva¬ 

lent composition in Si02, Fe203, and A1203 are shown in Table 20. 

Table 20.—Sassafras sandy loam, Temperanceville, Va. 

Sample No. Horizon 
Depth in 

inches 

Ratios Molecular equivalent 
composition 

sa sf ba Si02 Fe2C>3 AI2O3 

29423_ A2 SA-16 52.6 82.03 0. 5039 1. 576 0. 0050 0. 030C 
29424_ B 16-30 40.6 63.31 .3437 1.541 .0090 .0380 
29425__ C 30-40 45.4 70. 74 .3724 1. 571 .0068 .0347 

Because of the high percentage of silica present in the form of quartz the sa and 

sf ratios are large. Both of the sesquioxides involved in the sa and sf ratios have been 

shifted from the A2 horizon and accumulated in the B. The number of molecules of 
On the basis of these results, those of the complete analysis, the molecular equivalent 

composition and the profile characteristics of this soil, its designation as a Podzolic 

soil in which both iron oxide and alumina have been shifted from A to B is justifiable. 

The ba ratios show an important loss of alkalies and alkaline earths in the B horizon 

and a smaller loss in A. 

The sa ratios are high in all the Sassafras soils. This is necessarily so because 

of their sandy texture and therefore the high percentage of free silica present. The 

percentage of quartz has not been determined in any of the samples. The pro¬ 

cedures adopted by European chemists for determining this by acid digestion (8) 

have not been widely adopted in this country. The extraction and analysis of the 

colloidal material is being used rather widely, however (If). The sa ratios in this 

material, on the assumption that it contains practically no free quartz or other 

undecomposed minerals, should show the degree of kaolinitie or lateritic decom¬ 

position that has taken place. 

A sample of Sassafras silt loam from Talbot County, Md., was analyzed by 

Robinson and Holmes (15) the results, including the composition of the colloid 

extracted from the B horizon, being shown in Table 18. 

Table 18.— Chemical composition of Sassafras silt loam, Easton, Talbot County, Md.1 

Horizon Depth 

Chemical2 

Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P2Os SOs 
Igni- 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

Inches P.ct. P. ct. P.ct. P. ct. P.ct. P.ct P.ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct 

0- 8 
f“82.88 1. 09 2. 25 7.49 0. 04 0.41 0. 36 1.87 0. 90 0.15 0.05 2.97 100. 57 0.070 
ffSS. 41 1.12 2. 32 7. 72 .04 .42 .37 1.93 .93 .16 .05 100. 47 
(“75. 45 1.05 4. 45 11.89 .03 .40 .55 2.06 1.09 .21 .02 3. 36 100. 56 .030 

B.. 
I b78. 07 1. 09 4. 60 12. 30 .03 .41 .57 2.13 1.13 .22 .07 100. 63 

8-22 
1 ”41.14 .70 12.73 29. 26 .03 .53 1.07 1.35 .42 .08 .07 14.08 101. 46 .320 
ld47. 88 .81 14. 82 34. 12 .04 .61 1.24 1.57 .48 .09 .08 — 101. 74 — — 

alumina in B is, relative to silica, about 12 per cent greater than in C and about 30 

per cent greater than in A. Not all alumina removed from A has accumulated in B. 

This is indicated by the molecular equivalent composition as well as by the ba ratio. 

The number of iron oxide molecules in B, relative to those of silica, is about a 

tenth greater than in C but is about 30 per cent greater than in A. A similar relation¬ 

ship is shown by the molecular equivalent composition. 

Although the percentage of alumina in B is greater than in A2 or C and that of 

clay shown by tbe mechanical composition table is also higher, the ba ratios show a 

lower number, relative to alumina, of alkalies and alkaline earths in B than in either 

C or A2. Since the percentage of feldspathic mineral or of any primary minerals 

other than quartz is very low, the alumina is presumably present mainly in colloid 

form. It is apparent, therefore, that it is not so near saturation with bases in B as in 

Ao or C. 

As already explained, the Sassafras soils are the soils of the northern coastal plain 

developed to maturity under good drainage and from unconsolidated deposits con¬ 

taining little or no lime carbonate, primary minerals, or complex rapidly decomposing 

secondary minerals. The materials are dominantly quartz, and various decompo¬ 

sition products designated as clay. It is highly probable that some soils have been 

identified as members of the Sassafras series that have developed from materials 

containing glauconite, the material from which the Collington soils have developed. 

It is not surprising that this may have taken place, nor was it necessarily a mistaken 

identification. The Sassafras soils are the most advanced in stage of development of 

the important soils of the northern coastal plain. This is equivalent to saying that 

they are the most thoroughly leached and eluviated. 

Given time or relatively rapid soil development, a Sassafras soil could be devel¬ 

oped from any kind of parent material. 

The Sassafras soils of New Jersey occupy a belt running along the inner border of 

the coastal plain and occur in small areas throughout the sandy coastal belt of the 

State. They occupy large areas in Maryland, Delaware, and eastern Virginia. 

1 Collected by II. H. Bennett. 
2 Analyzed by W. O. Robinson and R. S. Holmes. COMPOSITION OF COLLINGTON SOILS 

Material from the C horizon was not analyzed so that no comparison can be 

made between either horizon of the solum and the parent material. Since the 

percentage of quartz silica in any of the sandy soils of the Gray-Brown Podzolic soils 

of the coastal plain has never been determined it is not yet possible to determine the 

Collington soils differ from Sassafras soils in their derivation from unconsolidated 

deposits containing a high percentage of glauconitic sand, and from such differences 

as arise from the slower rate of profile development in this material than in ordinary 

sands and clays, such as those from which the Sassafras soils have developed. 
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Table 21.—Composition of Collington loam, Prince Georges County, Md.t 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P2O5 sos 
Igni¬ 
tion 
loss 

Total N 

co> 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 

Ao O- 1 
(“79. 00 0. 76 2. 50 3. 90 0. C3 0.21 0. 04 1.02 0. 27 0.11 0. 10 12.03 100. 00 2. 940 

29676_ \ <>89. 80 .86 2. 84 4. 44 .06 .24 .05 1.16 .31 . 13 . 11 100. GO 
(“87. 98 .85 2.91 4. 67 .01 .21 .32 1.45 .40 .09 .04 1. 79 100. 72 .030 

29677_ Ai U89. 51 .87 2. 96 4. 75 .01 .21 .33 1.48 .41 .09 .04 100. 66 _ 
A2 13-18 

(“87. 09 .92 4. 29 3. 54 .01 .41 .49 1. 62 .40 . 10 .05 1. 67 100. 50 .020 
29678_ U88. 58 .93 4. 36 3. 60 .01 .42 .50 1.65 .41 . 10 .05 100. 60 

29679_ 
(“77. 71 .82 9. 44 5. 20 .01 .30 1.09 2. 91 .30 . 12 .04 2. 98 100. 92 .025 

18 40 \680 08 85 9. 73 5. 36 . 01 . 31 1. 12 3. 00 . 31 . 12 . 04 100. 93 

29680_ ct 
[“77. 65 .47 12. 23 2. 52 .01 .28 1. 25 2. 51 .30 . 12 .24 3.01 100.59 .020 
[<>80. 06 .47 12. 60 2. 60 .01 .29 1. 29 2. 59 .31 . 12 .25 — 100. 59 — — 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

29676_ Ao 0- 1 0.0 8.6 5.6 46.8 13.1 16.4 9.4 99.9 
29677_ Ai 1-12 .2 3.7 6.2 51. 8 12.1 17.9 8.0 99.9 
29678___ A2 13-18 .2 4.0 6.4 49.8 14.0 17.5 8.0 99.9 
29679_ B 18-40 .5 4.4 5. 8 45. 4 11.8 10.8 21.3 100.0 
29680_ Ci 40-45 .4 11.0 18.9 49.9 3.0 4. 1 12.8 100.1 

low. The leaching of sesquioxides and all the bases from the solum is so clear that 

it is unnecessary to calculate the several ratios or the molecular equivalent compo¬ 

sition to make this relation evident. 
Collington soils occur in general on smooth or gently undulating relief. Ground 

water lies several feet below the solum but the smooth relief has not favored excessive 

oxidation. In a few localities, because of relatively steep slope and the presence of 

a high percentage of coarse sand, oxidation has been thorough, and the soil has 

assumed a well-defined reddish color. Such a soil, designated as Colts Neck sandy 

loam, occurs in the vicinity of Colts Neck, N. J. The chemical and mechanical 

composition are shown in table 24. 
The occurrence of this soil on a slope and its subjection to active erosion have 

prevented the development of a highly eluviated profile and a light-colored A horizon. 

All the horizons are red or reddish. The percentage of silica, sesquioxides, and potash 

are not widely different in the various horizons. The relatively high silica and low 

alumina and iron oxide in the surface layer show that podzolization has been going 

on, but the solum does not show the differences shown in the Collington profile at 

Auburn, N. J. Oxidation extends below a depth of 72 inches. It is evident that 

the Podzolic profile is faintly developed because of the occurrence of this soil on a 

slope and the resulting erosion, but such occurrence has favored thorough and deep 

oxidation and probably also partial dehydration. 

Table 24.-—Composition of Colts Neck sandy loam, Red Valley, N. J-1 

1 Collected by C. F. Marbut. 
2 Analyzed by G. Edgington and R. S. Holmes. 
3 Analyzed by A. A. White. 

The results of a complete fusion analysis of samples from a Collington profile in 

Chemical 2 

Sample 
No. 

Hori¬ 
zon 

Depth 

SiOa Ti02 Fe2C>3 AI2O3 MnO CaO MgO KaO Na20 p2o5 SO3 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car- 
bon- 

Prince Georges County, Md., are shown in Table 21. The first cross column of the 

table shows the composition of the leaf mold. The A horizon extends to a depth of 

18 inches and the B to 40 inches. The percentages of silica, alumina, and iron in the 

several layers of the A horizon are quite uniform except in A2, where the percentage 

of iron oxide is somewhat high and alumina correspondingly low. The percentage 

of iron oxide in C is higher than in B because of the high iron content in glauconite 

and the percentage of alumina is slightly lower. The percentage of potash also is 

higher in the lower part of C than in B and nearly twice that in A. Magnesia runs 

about parallel to potash and iron and both run about parallel with loss on ignition. 

There is an apparent accumulation of alumina in the B horizon, but loss of iron, 

compared with that in C, in both A and B. 

The sa ratios for A2, B, and Ci and the molecular equivalent composition in 

Si02, A1203, and Fe203 are shown in Table 22. 

Table 22.—Collington loam, Prince Georges County, Md. 

Sample No. 
Hori¬ 
zon 

Depth in 
inches 

Ratios 
Molecular equivalent 

composition 

sa sf ba Si02 Fe2C>3 AI2O3 

29678_ A2 13-18 32.0 80.0 0. 558 1.470 0.027 0.035 
29679_ B 18-40 25.4 22.0 .808 1.328 .061 .052 
29680_ Ci 40-45 52.3 17.0 1.480 1.327 .079 .025 

ates 

29457 _ A 

29458 _ Bi 

29459_ B2 

29460_ C 

Inches 

0-12 

12-30 

30-48 

48-72 

P. ct. 
f “86. 80 
l <>88. 65 
J“75. 56 
P78.18 
(“74. 80 
\»77.46 
f “78. 23 
l <>80. 53 

P. ct. 
0.47’ 
.48 
.48 
.50 
.24 
.25 
.19 
.20 

P. ct. 
6. 52 
6. 65 

12. 46 
12.88 
14. 45 
14. 98 
11.67 
12. 02 

P. ct. 
3.08 
3. 14 
5. 17 
5. 35 
4. 86 
5. 04 
5.14 
5. 29 

P. ct. 
0. 01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

P. ct. 
0. 44 
.45 
.34 
.35 
.57 
.59 
.52 
.54 

P. ct. 
0.18 
.18 
.34 
.35 
.46 
.48 
.42 
.43 

P. ct. 
0. 68 
.69 

1.05 
1.09 
1.22 
1.27 
1.17 
1.20 

P. ct. 
0. 08 
.08 
.40 
.41 
. 36 
.37 
.48 
.49 

P. ct. 
0.12 

. 12 

.34 

.35 

.34 

.35 

.38 

.39 

P. ct. 
0. 05 
.05 
. 12 
. 12 
. 10 
.10 
.06 
.06 

P. ct. 
2. 08 

"3.34’ 

3.55~ 

2~84~ 

P. ct. 
100. 51 
100. 50 
99. 60 
99. 56 

100. 95 
100. 97 
101.11 
101.16 

P. ct. 
0. 030 

’."626 

"."Oil 

“."616" 

P. ct. 

Sample No. 
Hori¬ 

zon 
Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cen Per cent Per cent 
29457___ A 0-12 1.2 19.2 38.3 16. 3 2.8 8.8 13.5 100.1 
29458__ B! 12-30 1.8 21.1 33.6 10.4 2.4 3.9 26.9 100.1 
29459_ b2 30-48 2.1 23.2 36.5 11.1 3.0 6.4 17.8 100.1 
29460_ C 48-72 4.9 28.0 38.6 10.0 1.6 5.9 10.8 99.8 

1 Collected by C. F. Marbut. 
2 Analyzed by R. S. Holmes, S. Mattson, G. Edgington, G. J. Hough, and I. A. Denison. 
3 Analyzed by L. T. Alexander. 

COMPOSITION OF CHESTER SOILS 

The Chester soils have developed from material accumulated by decomposition 

in place of crystalline schists and gneisses, and they have the well-developed color 

The sa ratios and molecular equivalent composition show more than twice as 

much alumina in the B than in the C horizon but a loss of iron in both the A and B 

horizons. That in the B horizon is nearly 30 per cent less than in C, while that in A 

is less than 40 per cent of that in C. 

The accumulation in this soil is clearly one of alumina only, but there is no asso¬ 

ciated accumulation of organic matter in B suggesting that it belongs with the true 

Podzols and has developed an organic orterde. The amount of organic matter 

decreases progressively downward from the surface. 

A profile of Collington loamy fine sand, 2 miles south of Auburn, N. J., was 

studied and samples collected for chemical and mechanical analysis. The results are 

and texture profile of the Gray-Brown Podzolic group. In the vicinity of Washington, 

D. C., they have developed from granitoid gneiss. 

Samples were collected in Lee Heights, Va., a suburb of Washington and from 

Glenmont and Rockville, Md., and subjected to complete chemical analysis. The 

Lee Heights sample was collected by horizons, including the loose material below 

the B horizon designated as C2. The Glenmont and Rockville samples did not 

include this material. No rock sample was collected from these localities, but a 

sample of the gneiss was collected by the late Dr. George B. Merrill (14) near Wash¬ 

ington, many years ago and analyzed by him. The results of both chemical and 

mechanical analyses are shown in Table 25. 

shown in Table 23. Table 25.—Composition of Chester loam, Lee Heights, Arlington County, Va.1 

Table 23.—Composition of Collington loamy fine sand, Auburn, N. J.1 

Chemical 2 

Sample 
No. 

Hori¬ 
zon 

Depth Igni- 
C02 
from 

Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P205 so3 tion Total N car- 
loss bon- 

ates 

Inches P. ct. P.ct. P.ct. P. ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. P. ct. P.ct. P. ct. P. ct. P.ct. 

29441-2.. 0- 3 
r«90. 58 0. 56 1.44 1. 56 0. 01 0. 26 0. 22 0.31 0. 38 0.09 0. 22 4. 96 100. 59 0. 160 

Ai 
\b95. 03 .59 1. 52 1.64 .01 .27 .23 .33 .40 .09 .23 100. 58 

29443_ A2 3-24 
(“95.19 .62 2.11 .50 .01 .31 .18 .22 .52 .09 .15 .95 100. 85 .050 
[<>96.10 .63 2.13 .50 .01 .31 .18 .22 .52 .09 . 15 100. 82 

28444. B 24-36 
(“87.24 .50 1.28 7.10 .01 .19 .33 .36 .56 .36 .21 1.51 99. 65 .040 
[<>88. 55 .51 1.30 7.20 .01 .19 .33 .37 .57 .37 .21 99. 61 

29445. 36-60 
(“64. 76 
[<>67. 72 

.67 13. 54 9. 30 .04 .04 2. 06 4. 37 .97 . 11 .07 4.37 100. 29 .010 c . 70 14.17 9. 72 .04 .04 2.15 4. 57 1.01 . 12 .07 100. 31 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 

eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1-0.5 

mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
29441-2___ A, 0- 3 1.5 7.6 17.2 52.9 5.8 8.9 5.8 99.7 
29443_ A2 3-24 .4 9.0 22. 6 54.6 3.4 7.0 3.1 100.1 
29444_ B 24-36 .2 7.4 18.6 47.7 7.1 9.3 9.7 100.0 
29445_ C 36-60 .6 9.3 13.8 30.4 7.1 9.9 28.9 100.0 

1 Collected by C. F. Marbut. 
2 Analyzed by I. A. Denison. 
3 Analyzed by A. A. White. 

In this table the chemical characteristics of typical Collington soils are well 

brought out. In this case the material contains a considerable sand constituent, 

facilitating the leaching of the soil and the rather rapid development of the profile. 

The thin At horizon contains nearly 5 per cent of volatile matter, most of which 

consists of dark-colored organic matter. The percentages of alumina and iron are 

low in both the A and B horizons, the B horizon containing a rather high percentage 

of alumina but not so much as in C. The percentages of iron, alumina, and potash 

are all high in C. The percentage of magnesia is high also but that of CaO is very 

Sample 
No. 

33975 

33976 

33977 

33978 

Gneis- 
soid 
granite4 

Hori¬ 
zon 

Chemical 2 

Depth 

Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO k2o Na20 P205 SO3 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

Inches P. c P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 
/«75. 24 1.43 4.19 11.09 0.05 0.20 0.52 2. 22 0.88 0.06 0. 08 3.83 99. 79 0. 030 
[<>78. 22 1.49 4. 36 11. 53 .05 .21 .54 2. 31 .91 .06 .08 99.75 

“62. 97 1.20 6. 75 17. 92 .03 .24 .89 2. 46 .98 .08 .03 6. 06 99. 61 .040 
1 <>67. 01 1.28 7. 19 19. 08 .03 .26 .95 2. 62 1.04 .09 .03 99. 60 

1 “36. 60 .56 15. 62 28.91 .05 .52 1.26 1. 11 . 17 . 19 .20 95. 41 3 4.16 
P38. 19 .58 16. 30 30.17 .05 .54 1.32 1. 16 .18 .20 .21 99. 57 

30-36 
(“61. 50 1.01 7.94 19. 20 .05 .20 1.08 3.08 1.01 .10 .03 5.10 100.33 .003 
[664.81 1.06 8.36 20. 23 .05 .21 1. 14 3.20 1.10 .11 .03 100. 30 
(“66.14 1.00 6. 94 16. 85 .06 .20 .96 2.58 .73 .08. .02 4.31 99.87 .000 
[<>69.11 1.04 7.26 17. 62 .06 .21 1.00 2. 70 .76 .08 .02 99.90 

69. 33 3.99 14. 33 3.21 2. 44 2. 67 2.70 0.10 98.77 

Sample No. 
Hori¬ 
zon Depth 

Mechanical 5 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
33975__ A Vz~ 4 0.5 3.5 4.6 21.4 12.8 44.9 12.5 100.2 
33976_ B 1 12-18 .2 1.3 2.0 13.1 8.3 40.9 34.0 99.8 
33977_ B 2 30-36 .5 5.4 7.4 33.8 11.9 27.5 14. 0 100. 5 
33978_ C 45+ .6 8.6 9.5 38.8 14. 5 22.6 5.7 100.3 

1 Collected by C. F. Marbut. 
2 Analyzed by G. J. Hough. 
3 Organic matter. 
4 Rock from Rock Creek Park, District of Columbia, U. S. A. 
5 Analyzed by J. B. Spencer. 

The Lee Heights sample, the only one collected strictly by horizons, shows in 

typical form the usual features of the Podzolic chemical profile. The content of 

silica is high in A, low in B, and high again in C though not so high as in A, whereas 

that of iron oxide and of alumina is low in A, high in B, and low again in C but not 

so low as in A. The percentages of CaO and Na20 are low throughout the profile 

and that of potash is relatively high, being highest in B2. Table 26 shows the 
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sa, ba, and sf ratios and the molecular equivalent composition in Si02, Fe203, and 

AI2O3. 

Table 26.—Chester loam, Lee Heights, Arlington County, Va. 

Ratios Molecular equivalent composition 

Horizon 

sa 

— 

sf ba Si02 Fe2C>3 AI2O3 
Alkalies 
and alka- 
lineearths 

A _ 11.64 47.66 0. 376 1.302 0.0273 0.113 0.0424 

Bi _ _ 6. Ill 24.69 .263 1.116 .0454 . 187 .0496 

C _ 6.672 25.24 .259 1.152 .0455 .173 . 0445 

2.14 6. 21 .081 .744 .1190 .343 .0282 

8.22 45. 93 .920 1.150 .0250 .140 . 1290 

Table 27.—Composition of Nason loam, Scuffletown, Orange County, Va.—Continued 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

35074_ A 2- 8 1.1 4.5 9.3 21.2 14.7 28.7 20.4 99.9 

35075_ B 12-30 .6 1.8 3.2 8.2 6.8 13.0 66.4 100.0 

35076__ C 36-72 . 1 .2 .3 16.3 32.5 30.6 19.9 99.9 

3 Analyzed by L. T. Alexander. 

The ratios for the three horizons and the molecular equivalent composition are 

These figures show a number of interesting things. The content of silica in the 

C horizon, according to the molecular equivalent composition table, is essentially the 

same as that in the rock and that in the B horizon is practically the same, being less 

than 4 per cent lower than in the rock. In the A horizon there is a well-defined 

accumulation, but it is not large, being about 14 per cent more than that in the rock. 

The relative number of iron oxide molecules in the Bj and C horizons, however, 

is about twice the number in the rock.13 
The iron oxide content of the A horizon is almost identical with that in the rock. 

That in both the Bx and C horizons, however, is much higher than in the rock. An 

increase would be expected, but the percentage of increase is very large. 

Accumulation of alumina has taken place in the Bi and C horizons, but the A has 

suffered loss. The amount in the Bt horizon is about 30 per cent more than in the 

rock, in the C a little less than 25 per cent more, while that in the A is nearly 20 per 

cent less than in the rock. 
The combined alkalies and alkaline earths, not including magnesia, have suffered 

heavy loss in all soil horizons, the amount in the Bi horizon being greater than in C, 

according to the molecular equivalent composition, but according to the ba ratios the 

molecular ratios to alumina in Bj and C are almost exactly the same. The number 

of molecules in the Bx horizon is only a third of the number in the rock. 

The loss of alkalies and alkaline earths has been suffered almost entirely in the 

process of rock decomposition and not in soil profile development. The A horizon 

seems to have lost a little to Bu the latter having about 16 per cent more than the 

former. This shifting has been effected by processes of soil profile development but 

this is a shifting within the small amount of material left over from that lost in the 

process of rock decomposition. 
Colloid material was extracted by Holmes andEdgington (10) from the Bi horizon 

of the Chester profile and subjected to complete chemical analysis. The results are 

shown in Table 25, and the several factors developed from it are shown in the last 

line but one of Table 26. 
These results show that 40 per cent of the silica has been lost in the change from 

rock to colloidal material, the iron expressed as oxide has been multiplied nearly 5 

times, and alumina has been increased by about 120 per cent. The alkalies and 

alkaline earths have suffered about 75 per cent loss, about twice that of silica. 

Holmes and Edgington (10) of the Bureau of Chemistry and Soils, have completed 

an extensive study of the colloid from the soils of a number of representative and 

important soil series. These include the soils of the Miami, Chester, and Cecil series, 

all being important series in the Pedalfers of the United States. One of the important 

conclusions is that the character of the colloid in different soil series is different but 

that in soils of the same series is much alike throughout all horizons of the profile. 

Robinson and Holmes (15) extracted colloid from a sample of Chester loam from 

Glenmont, Md., determined its composition as well as that of the whole soil but did 

not collect material from the C horizon or underlying consolidated metamorphic rock. 

The sa ratio in the colloid of 2.2 supplements the evidence contained in the same 

ratio in the colloid of the Lee Heights, Va., sample that the kaolinitic decomposition 

of the silicate minerals in the Virginia-Maryland latitude has not gone over the bound¬ 

ary into lateritic weathering. 

COMPOSITION OF NASON, MANOR, AND LEONARDTOWN SOILS 

Nason soils have been included with the Chester on the soil map and do not 

appear as Nason. They lie on the piedmont plateau in Orange County, Va., have a 

Podzolic profile, have a B horizon somewhat more red than that of the Chester in 

Maryland and northward, and have developed from a fine-grained schist which has 

not been analyzed. The relief is smoother than that of the Chester soils in the 

vicinity of Washington. 
The composition of samples of Nason loam from Orange County, Va., carefully 

collected by horizons is shown in Table 27. The sample from the A horizon does not 

include the very thin (2-inch) layer of soil impregnated with organic matter. The 

complete fusion analysis shows high content of silica and low content of iron oxide 

and alumina in the A horizon and low content of silica with high alumina in the B 

horizon. The C horizon, the distintegrated schist, has a composition intermediate 

between that of A and B. 

Table 27.—Composition of Nason loam, Scuffletown, Orange County, Va3 

Chemical2 

co2 
Sample Hori- Depth Igni- from 

No. zon S102 TiCL Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P205 SO3 tion Total N car- 

ates 

P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P.ct. P. ct. P. ct. P.ct. 

j <*81. 96 1. 10 2. 67 6. 62 0.03 0.24 0. 30 1.20 0. 02 0. 09 0.09 5. 48 99. 80 0. 080 
35074- A 2- 8 

\ m 70 1.16 2. 82 7. 01 .03 .25 .32 1. 27 .02 .09 .09 _ 99. 76 — — 

J«50. 36 1. 21 12. 82 23. 61 .03 . 16 .37 1.13 .08 . 14 .10 9. 50 99. 51 . 014 

35075_ B 12-30 1&55. 65 1.34 14.17 26.11 .03 .18 .41 1.25 .09 .15 .11 _ 99.49 — — 

j <*64.14 .90 7. 27 17.69 .04 . 14 .75 2. 32 .02 .10 .07 6. 53 99.97 .008 

35076_ C 36-72 
t‘68. 66 .96 7. 78 18. 92 .04 . 15 .80 2. 48 .02 . 11 .07 — 99.99 — 

shown in Table 28. 

Table 28.—Nason loam, Scuffletown, Orange County, Va. 

Ratios Molecular equivalent composition 

Sample No. Horizon 
Depth in 

inches 
sa sf ba SiOa Fe203 AI2O3 

Alkalies 
and al¬ 
kaline 
earths 

35074 _ A 2- 8 21.00 81.47 0.266 1.4400 0. 0176 0.0687 0.018 

35075 __ _ B 12-30 3.60 10.65 .070 .9200 .0887 .2557 .018 

35076 _ c 36-72 6.17 23.45 .157 1.138 .0486 .1856 .029 

These results indicate an important accumulation of alumina in the B horizon 

compared with the C (the decomposed schist) and a very great loss from the A as 

compared with the C. Similar relationships are indicated by the silica-iron oxide 

(sf) ratio, and the ba ratio shows a loss of alkalies and alkaline earths from B 

and a great loss in A when compared with C. The sa and sf ratios show that in 

this case both iron oxide and alumina have accumulated in the B horizon, and in each 

case the ratios in B are only about half those in C. Eluviation here has involved 

both constituents to a much greater extent than in any of the soils previously 

discussed. 
The southern boundary of the Gray-Brown Podzolic soils has been determined 

mainly on the basis of soil morphology. Not enough is known about the chemical 

characteristics of the soils along the probable boundary to make, as yet, an exact 

location possible. The Nason soils have been subjected to more thorough eluviation 

and leaching than has taken place in the soils farther north, showing probably the 

influence of a more southern latitude. This conclusion, however, is not entirely 

convincing since they occur on flatter relief than the Chester and Sassafras soils, and 

that fact alone would account for at least part of their more thoroughly eluviated 

profile. 
The molecular equivalent composition of the three horizons of the Nason soils 

(Table 28) confirms or possibly expresses more clearly the relationships shown by the 

several ratios. The iron oxide in the B horizon is a little less than double that in C 

and the same is true of the alumina. 
This discussion of the composition of the soils of the United States is concerned 

primarily with soils developed or developing under the influence of good drainage 

and free from other conditions which retard normal development or cause temporary 

“backward” development such as the presence of high percentages of lime carbonate 

in the form of clay or marl, high ground water, or long-enduring grass vegetation 

during the period of soil development. In a few cases, however, such soils have 

received some attention. 
In the coastal-plain region, near Washington, D. C., certain remnants of an old 

smooth land surface, antedating the inauguration of the existing cycle of erosion, are 

still intact. A soil, Leonardtown silt loam, has developed on these areas under 

the influence of a ground water surface lying, it seems, at about 3 feet beneath the 

surface of the ground. An indurated layer has developed at this level (fig. 21). The 

A horizon, especially the lower part, has a highly laminated structure (fig. 22). 

Table 29 shows the chemical and mechanical composition of samples from the horizons 

of Leonardtown silt loam from the District of Columbia. 

Table 29.—Composition of Leonardtown silt loam, Washington, D. C.1 

Sample 
No. 

Horizon Depth 

Chemical2 

SiOa Ti02 Fe203 A1203 MnO CaO MgO K20 Na20 p2o5 SO3 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

P. ct. P. ct. P.ct. P. ct. P.ct. P. ct. P. ct. P.ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 

f“78. 67 1.02 1.96 5.28 0. 02 0. 71 0. 53 1.16 0. 79 0.07 0.14 10. 25 100. 60 0. 230 
29651_ Ai 0-% 

\*>87. 64 1.14 2.18 5. 88 .02 .79 .59 1. 29 .88 .08 .16 100. 64 

/«85. 48 1.10 2. 10 6. 23 .02 .60 .34 1.20 .74 .07 .07 2. 82 100. 77 .040 
29652_ A2 Yi- 4 \b87.98 1.13 2.16 6. 41 .02 .62 .35 1.23 .76 .07 .07 100. 80 

f«82.17 1. 20 3. 74 8.14 .02 .44 .63 1. 21 .55 .12 .10 2.84 101. 15 .030 
29653_ Bi 4—18 \&84. 53 1. 23 3. 85 8.38 .02 .45 .65 1.25 .57 .12 .10 _ 100. 12 _ _ 

/390.40 1.18 2. 42 3.60 .02 .32 .42 .47 .38 .05 .05 1.36 100. 66 .006 
29654_ B2 18-28 \m. 62 1.20 2.45 3. 65 .02 .32 .43 .48 .39 .05 .05 _ 100. 66 _ _ 

J«72. 33 1.04 5.75 13. 87 .01 .37 .43 .63 .31 .08 .03 5. 25 100. 09 .010 
29655_ c 36+ \s76. 31 1.10 6. 06 14.64 .01 .39 .45 .66 .33 .08 .03 — 100. 06 

Mechanical3 

Sample No. 
Hori¬ 
zon 

Depth 
Fine 

gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand 

(diam 
eter 1-0.5 

mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

29651 --------- Ai 
Inches 

O-Yi 
Per cent 

2.2 
Per cent 

6.0 
Per cent 

3.6 
Per cent 

11.8 
Per cent 

8.5 
Per cent 

55.7 
Per cent 

12.1 
12.0 

Per cent 
99.9 
99.8 

100.0 
99.9 

100.1 

29652 _- - --- A2 Yt- 4 .0 6.7 3.6 11. 5 12.8 53. 2 

29653 _ Bi 4-18 1. 1 5.6 3.8 11.7 12.0 29. 5 36. 3 

29654 -- - - - - b2 18-28 2.1 9.9 6.9 23.1 20. 2 21.9 15. 8 

29655 --- --- _ C 36+ 3.2 10.1 6.9 16.9 11.4 11.8 39. 8 

1 Collected by B. H. Hendrickson. 
3 Analyzed by G. J. Hough. 

is Calculated after reducing the FeO (3.6) to its equivalent in FejOj (4). 

1 Collected by C. F. Marbut. 
2 Analyzed by G. J. Hough. 
3 Analyzed by A .A. White. 
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The A and B horizons show the usual characteristics of the Podzolic soils of the 

region. They are normal A and B Podzolic horizons but in the lower part of or below 

the B, an indurated layer has higher silica content than in A and considerably higher 

than in B or C. All the other constituents are low. It is possible that the induration 

is due to cementation by silica but that has not yet been definitely proved. 

The several ratios as well as the molecular equivalent composition of this soil 

are shown in Table 30. 

Table 30.—Leonardtown silt loam, Washington, D. C. 

Sample No. 
Hor- Depth in 

Ratios 
Molecular equivalent 

composition 

sa sf ba Si02 Fe2C>3 AI2O3 

29652 - - - _ %- 4 23. 30 107. 90 0. 53 1.29 0. 0135 0. 0627 

29653 - ___ - _ -- Bi 4-18 17.15 58.15 .37 1.40 .0240 .0820 

29654 _ B2 18-28 42. 70 99. 10 .48 1.52 .0150 . 0360 

29655 ___ _ -__ C 36+ 8. 70 33. 40 1. 34 1.26 .0380 . 1500 

The sa ratio for B2 is exceptionally high. This is caused by the high percentage 

of Si02 as well as the low percentage of A1203 in this horizon. 

Leonardtown silt loam is the only one of the soils of this group of soils with indu¬ 

rated layers that has yet been analyzed. In this case there can be no question that 

the induration is accompanied by accumulation of silica. It is not known whether or 

not this will hold for all of these soils. Induration takes place through the accumu¬ 

lation of Fe203 or of calcium carbonate, but the identification of such horizons and 

the reason for their induration is easy. The Leonardtown, Lebanon, Bit tin an, and 

Figure 21—Detail of the A horizon of Leonardtown silt loam, near Washington, D. C., showing lamination. 

other similar soils do not show by tlieir color or effervescence in acid the kind of 

cementing material present. 

The very low sa ratio in C is an expression of the high alumina present. It is 

geological and was originally different from the material converted into the solum. 

It is not the true parent material of the soil. 

COMPOSITION OF ILAGEBSTOWN AND MAURY SOILS 

The Hagerstown and Maury soils are Podzolic soils developed from material 

accumulated by the decomposition in place of limestones. A profile of Hagerstown 

silt loam at Murfreesboro, Tenn., was sampled a few years ago, though the C horizon 

seems not to have been reached. The chemical and mechanical composition are shown 

in Table 31. 

Table 31.—Composition of Hagerstown silt loam, Murfreesboro, Tenn.1 

Sample 
No. 

Hor¬ 
izon 

Depth 

Chemical 2 

Si02 TiOj Fe20s AI2O3 MnO CaO MgO K20 Na20 P206 SO3 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 

bon¬ 
ates 

Inches P.ct. P. ct. P. ct. P. ct. P. ct. P.ct. P.ct. P. ct. P.ct. P.ct. P.ct. P.ct. P. ct. P. ct. P. ct. 

\ "73.11 1. 05 6.12 8. 30 0. 44 0. 37 0. 45 0.91 0.20 0. 16 0.07 8. 82 100. 00 0. 270 
34713_ Ai 0- 4 Vi 

p80. 18 1.15 6.71 9.10 .48 .41 .49 1.00 .22 .18 .08 100. 00 

/«75. 98 1.08 5. 82 9.18 .37 .25 .48 .93 .12 . 11 Tr. 5. 68 100. 00 . 120 _ 
31714_ A2 4 J+-11 f‘80. 53 1.15 6.17 9. 73 .39 .27 .51 .99 .13 .12 Tr. _ 99. 99 _ _ 

f«71. 67 1. 10 7. 90 12.16 .27 .23 .49 .83 .04 . 11 .06 5.14 100. 00 .080 — 
34715_ Bi 11-24 

\‘75. 55 1. 16 8. 32 12. 82 .28 .24 .52 .87 .04 . 12 .07 _ 100. 02 _ — 

f «67. 10 1. 17 8. 64 14. 10 .34 . 13 .58 .80 .04 . 15 .07 6.88 100. 00 .030 
34716_ B2 24-36 

\‘72. 08 1.26 9. 27 15. 13 .36 . 14 .62 .86 .04 .16 .08 — 100. 00 — 

1 

1 Analyzed in the division of soil chemistry, Bureau of Soils, Dec. 8, 1917. 

Table 31.—Composition of Hagerstown silt loam, Murfreesboro, Tenn. Continued 

Sample No. 
Hori¬ 

zon 
Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 

eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

34713_ A, 
a2 
Bi 
b2 

Inches 
0- Wi 

454-11 
11-24 
24-36 

Per cent 
8.2 
5.2 
7.6 
5.9 

Per cent 
5.8 
5.1 
5.-7 
7.0 

Per cent 
1.5 
1.5 
1.5 
1.8 

Per cent 
1.8 
1.7 
1.7 
2.1 

Per cent 
1.5 
1.5 
1.5 
1.8 

Per cent 
54.7 
47.3 
40.9 
35.1 

Per cent 
26.4 
37.6 
41.0 
46.4 

Per cent 
99.9 
99.9 
99.9 

100.1 

34714_ 
34715_ 
34716_ 

3 Analyzed by L. T. Alexander. 

Since the C horizon was not sampled it is unnecessary to calculate the several 

factors shown in preceding tables. The podzolic character of the soil is shown in 

the low percentages of sesquioxides in the A horizon. The percentages of CaO, 

IUO, and Na20 are very slightly higher in Ai than in the other horizons, owing to 

the presence of leaf mold. The percentage of sesquioxides is highest in the deepest 

layer sampled probably because this is part of the B horizon; but in limestone-derived 

material, accumulated through solution of lime carbonate rather than by decomposi¬ 

tion of silicate minerals, it is not improbable that the material, immediately after 

being released by solution of the rock, contains a higher percentage of sesquioxides 

than in any higher horizon, at least until considerable thickness of material lias 

accumulated. 
Maury silt loam is Hagerstown silt loam developed from limestones containing 

a high percentage of phosphorus. Although the podzolic process has developed a 

profile definitely Podzolic, the leaching has not reduced the percentage of P205 to 

what it is in the Hagerstown soils. 
A profile near Ashwood, Maury County, Tenn., was studied, sampled, and 

analyzed, the results being shown in Table 32. The soil is somewhat lighter in tex¬ 

ture than Hagerstown silt loam but the difference is small. The percentage of silica 

is somewhat higher than in the Hagerstown soil and that of sesquioxides is lower. 

The percentage of P205 ranges from 0.33 per cent to 0.58 per cent, or from about twice 

the usual percentage in a good soil to approximately four times as much in the lowest 

Figure 22.—Profile of Leonardtown silt loam, near Washington, D. C., showing detail of lamination in A horizon. 

horizon sampled. Leaching has probably reduced the percentage in all the horizons, 

since most of the readily attacked materials are removed during the accumulation ol 

the soil material by solution of the limestone. 

Table 32.—Composition of Maury silt loam, Ashwood, Tenn.1 

Sample 
No. 

28499 _ 

28500 _ 

28501 _ 

28502 _ 

Hori¬ 
zon 

Ai 

A2 

B 

C 

Depth 

Inches 

0-12 

12-20 

20-30 

30-42 

Chemical2 

Si02 

P. ct. 
'“78.14 

*>82. 41 
'“78.10 
+81. 58 
f “74. 91 
l ‘77. 88 
(“72. 16 
l‘75. 58 

Ti02 Fe2Os 

P. ct. 
1. 69 
1.78 
1.41 
1.47 
1.41 
1.47 
1. 52 
1. 59 

ALO3 MnO 

P.ct. 
0.35 
.37 
. 44 
.46 
.31 
.32 
.57 
.60 

CaO 

P. ct. 
0.86 
.91 
.66 
.69 
.48 
.50 
.49 
. 51 

MgO 

P.ct. 
0. 26 
.27 
.37 
.39 
.46 
.48 
.52 
. 54 

K20 Na20 P2O5 so3 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

P.ct. P.ct. P.ct. P. ct. P. ct. P. ct. P. ct. P.ct. 
1.59 0.43 0.31 0. 10 5.17 99. 75 0. 150 
1.68 . 45 .33 . 11 99. 74 
1. 59 .48 .31 . 13 4. 25 100. 57 . 120 
1.66 .50 .32 . 14 100. 50 
1. 51 .32 .36 . 12 3. 82 100. 22 . 100 
1.57 .33 . 37 . 12 100. 21 
1.35 .22 .55 . 11 4. 57 101.06 .090 
1. 11 . 23 . 58 . 12 101. 08 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1-0.5 

mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

Ai 0-12 0.7 1.5 0.5 1. 1 7.0 69.8 19. 2 99.8 

A 2 12-20 .0 1. 7 .6 1. 3 7.7 66. 2 22.6 100. 1 

98501 B 20-30 . 7 2.6 .7 1.4 9.9 55.9 28.9 100. 1 

28502_ c 30-42 . 3 3.4 1.3 2.3 11.1 48. 6 32.9 99.9 

1 Collected by C. F. Marbut. 
2 Analyzed in the division of soil chemistry, Oct. 29, 1920. 
2 Analyzed by A. A. White. 

COMPOSITION OF ONTARIO SOILS 

The Ontario soils occur in the lowland belt south and east of Lake Ontario in 

New York. They have developed from glacial drift containing a rather high per¬ 

centage of lime carbonate as finely divided material and limestone fragments. The 

profile is very faintly developed, but enough development has taken place to show 

that they belong to the Gray-Brown Podzolic soils. Table 33 shows the chemical 
1 Collected by C. F. Marbut. 
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and mechanical composition of samples from a profile of Ontario silt loam from 

Lansingville, Ontario County, N. Y. It shows an apparent concentration of alumina 

in B, but when the analysis has been recalculated to eliminate the loss on ignition 

the per cent in C becomes 11.08, almost as much as in B. The percentages of both 

potash and soda range from good to high, but that of lime above the C horizon is 

low. These are relatively productive soils. The percentage of organic matter is 

higher than in most of the soils of the Gray-Brown Podzolic group, and the soils are 

highly silty in texture. 

Table 33.—Composition of Ontario silt loam, Lansingville, Ontario County, N. Y.1 

Sample 
No. 

Hori¬ 
zon Depth 

Chemical2 

Si02 Ti02 Fe2C>3 A1203 MnO CaO MgO K20 Na20 P205 SOs 
Igni¬ 
tion 
loss 

Total N 

co2 
from 

carbo¬ 
nates 

Inches P. ct. P.ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P.ct. P. ct. P.ct. 
163220._ A 0-10 +76. 54 0.64 3.43 9. 38 0.08 0. 80 0. 75 1.95 1.04 0.10 0.08 5. 30 100.09 0.157 

1b80. 82 .68 3. 62 9.91 .09 .84 .79 2.06 1.10 . 11 .08 100. 10 
163221-. B 10-94 +76. 32 .66 4.12 11.23 .08 .59 .93 2. 25 1.02 .07 .06 3.01 100. 34 .080 

+ 79. 00 .68 4. 25 11. 57 .09 .61 .96 2. 32 1.05 .07 .06 100. 34 
163222.. C 94 30 +60. 94 .49 3. 00 8. 72 .07 9. 44 3.57 1. 82 .87 . 10 .03 11.28 100. 33 .029 9.92 

+68. 70 .55 3. 38 9. 83 .07 10.64 4. 02 2. 05 .98 . 11 .03 — 100. 36 — ______ 

Sample No. 
Hori¬ 

zon Depth 

Mechanical3 

Pine 
gravel 
(diam¬ 
eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
163220__ A 0-10 1.0 2.8 2.6 19.2 25.3 36.5 12.7 100.1 
163221_ B 10-24 1.2 3.5 2.7 18.3 22.3 37.2 15.0 100.2 
163222_ C 24-36 2.4 4.6 2.9 17.3 22.6 37.8 12.5 100.1 

1 Collected by F. B. Howe. 
2 Analyzed by G. Edgington. 
3 Analyzed by A. A. White. 

The ratios for the three horizons of Ontario silt loam and the molecular equivalent 

composition in Si02, Fe203, and A1203 are shown in Table 34. 

Table 34.—Ontario silt loam, Lansingville, Ontario County, N. Y. 

Sample No. 
Hori¬ 
zon 

Depth 
in inches 

Ratios Molecular equivalent 
composition 

sa sf ba Si02 Fe2C>3 AI2O3 

163220 — — _ _ A 0-10 13.86 59.16 0.398 1.34 0.0226 0.097 
163221 B 10-24 1L 61 4a 01 .463 1.31 .0266 .113 
163222_ , C 24-36 11.88 53.86 2.362 1.13 .0211 .096 

The sa ratios in horizons B and C differ very slightly. The molecular equivalent 

quantities for the same two horizons differ to a much greater extent because of the 

presence in C of a high percentage of calcium carbonate. The sa ratios express more 

accurately the relationships of the two horizons in sesquioxides and silica. The 

accumulation of alumina in B has been very slight if any at all, but the loss from A 

has been more important. Apparently the accumulation of iron oxide in B has taken 

place to a greater extent than that of alumina. 

Colloid was extracted from the B horizon of Ontario loam from New York. The 

silica-alumina ratio is 2.9, a good deal higher than that of the soils from limestone 

material in Tennessee or of the soils in the vicinity of Washington, D. C. The 

same ratio in the whole soil is more than 11, showing the presence of a considerable 

percentage of quartz. 

COMPOSITION OF GLOUCESTER AND MERRIMAC SOILS 

Gloucester and Merrimac soils are mainly New England soils. They have 

developed from glacial deposits derived from crystalline gneisses and schists. The 

results of complete chemical and mechanical analyses of samples from a Gloucester 

profile in Berkshire County, Mass., are shown in Table 35. 

Table 35.—Composition of Gloucester fine sandy loam, Hinsdale, Berkshire County, Mass.1 

The range in the alkalies and alkaline earths is somewhat greater, the percentage of 

CaO ranging from 2.56 to 0.91 but those for Iv20 and Na20 are much smaller. Prac¬ 

tically all that has taken place in such development as this soil has gone through is 

the accumulation of some organic matter, mainly overlying the soil, and the leaching 

of some of the alkalies and alkaline earths. Practically no eluviation has taken place. 

The percentages of all the alkalies and alkaline earths are highest in the upper 3 

inches where the percentage of organic matter is high. 

The ratios for three horizons and the molecular equivalent composition in Si02, 

Fe203, and A1203 of Gloucester fine sandy loam from Berkshire County, Mass., are 

shown in Table 36. 

Table 36.—Gloucester fine sandy loam, Hinsdale, Berkshire County, Mass. 

Sample No. 
Hori¬ 
zon 

Depth in 
inches 

Ratios 
Molecular equivalent 

composition 

sa sf ba Si02 Fe2(>3 AI2O3 

1307137_ a2 3- 5 11.76 49.39 0.612 1.29 0.026 0.1098 
1307138_ B 5-15 11.38 59. 69 .605 1.29 .021 . 1127 
1307140___ C2 24-36 12.00 71.88 1. 026 1.27 .018 .1063 

The chemical and mechanical composition of a sample of Merrimac fine sandy loam 

from Foxboro, Mass., are shown in Table 37. 

Table 37.—Composition of Merrimac fine sandy loam, Foxboro, Mass.1 

Chemical 2 

Sample 
No. 

28757.__ 

28758-.- 

28759—. 

28760.-- 

Hori- 
zon 

Ai 

A2 

B 

C 

Depth 

Si02 Ti02 Fe2C>3 Al2Os MnO CaO MgO K20 Na20 P2O5 S03 
Igni¬ 
tion 
loss 

Total N 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 
+64. 78 0. 99 4.31 11.41 0. 06 1.33 0. 66 1.16 2. 22 0.24 0.09 13. 38 100. 63 0. 350 
+74.78 1.14 4. 97 13. 17 .07 1. 53 .76 1.34 2. 56 .28 .10 100. 70 
+64.15 .97 3. 83 9.93 .06 1.02 .71 1.14 2. 20 .31 .17 15. 62 100.11 .430 
+76. 01 1.15 4. 54 11.77 .07 1.21 .84 1. 35 2. 61 .37 .20 100. 12 
+69. 17 .89 4.41 12.85 .06 1. 40 .77 1.11 2.59 .39 .04 6. 66 100. 34 . 150 
+74. 09 .95 4. 75 13. 77 .06 1.45 .82 1.19 2. 77 .42 .04 100. 31 

18-28 
(“72.89 1.05 4. 25 11.60 .07 1. 57 .91 1.22 2.06 .15 .02 4. 06 99. 85 .090 
+75.98 1.09 4. 43 12.08 .07 1. 64 .95 1. 27 2.15 . 16 .02 — 99. 82 — 

C02 
from 
car¬ 
bon¬ 
ates 

P. ct. 

Sample No. 
Hori¬ 

zon 
Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
28757_ Ai 0-2 3.1 14.4 15. 1 42.8 4.7 11.1 8.7 mo 
28758_ A2 2.7 13.0 16.5 47.6 3.7 9.6 7.0 100.1 
28759_ B 314-18 1.6 16.1 12.8 24.8 15.5 22.3 6.9 100.0 
28760_ C 18-28 3.2 14.8 16.4 36.5 9.7 15.4 4.0 mo 

1 Collected by C. P. Marbut. 2 Analyzed by P. A. Barker. 3 Analyzed by A. A. White. 

The dark-colored surface layer to a depth of 2% inches is high in organic matter 

and contains a higher percentage of CaO than the thin underlying layer. There 

seems to be a slight accumulation of alumina and iron oxide in the layer extending 

from 3% to 18 inches in depth. The range in composition in the several horizons is 

very small throughout. This is a young soil in which the Podzolic profile has not yet 

developed, except the accumulation of a slightly higher percentage of organic matter 

to a depth of 2}2 or 3ji inches. This layer constitutes an incipient orterde. This 

sample is from New England, and its very light texture is such as to favor the develop¬ 

ment of a Podzol profile relatively early. Its occurrence in a region in which the 

Podzolic process is weak and where heavier soils would possibly retain a Gray-Brown 

Podzolic profile indefinitely rather than become a Podzol, indicates that the lighter 

soils may develop Podzol profiles in the Gray-Brown Podzolic region. 

The mechanical composition shows a small percentage of clay throughout the 

profile, but the silt percentage ranges rather widely. The highest percentage, 22.3, in 

the layer between 3% and 18 inches, probably consists mainly of free quartz, since the 

chemical composition for the same layer does not differ essentially from the other 

horizons. This is probably very fine sand. 

Chemical2 COMPOSITION OF MIAMI AND ASSOCIATED SOILS 

Sample 
No. 

Hori¬ 
zon 

Depth 

Si02 Ti02 Fe20s AI2O3 MnO CaO MgO K20 Na20 p2o5 SO3 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P.ct. P. ct. P.ct. 

Ai 0- 3 
+ 65. 91 0. 66 3. 82 8. 97 0.11 1.18 0. 77 2. 50 1.34 U. 13 0.11 14. 26 99. 76 0. 344 
+76.88 .77 4. 45 10. 4.6 .13 1.38 .90 2. 91 1.56 .15 .13 99. 72 

4 0 (“72. 86 .68 3.91 10. 53 .09 .91 .54 2. 33 1.37 . 10 .08 6. 32 99. 72 . 105 
+77. 72 .73 4. 17 11.23 .10 .97 .58 2. 49 1.46 . 11 .09 99. 74 

B 5-15 
(“74. 79 .72 3. 32 11.09 .06 1.11 .85 2.60 1.14 .15 .10 3.78 99.71 .050 
+77.71 .75 3. 45 11. 52 .06 1.15 .88 2. 70 1.18 .16 . 10 99. 66 

130713Q Ci IK-94 (“74.13 .80 4.12 11.15 .07 1. 52 .96 2. 64 1.38 .17 .04 2. 52 99. 50 .020 
\ b76. 02 .82 4. 23 11.43 .07 1.56 .98 2. 71 1.42 .17 .04 99. 45 

1307140 Ga (“76. 03 .54 2. 80 10. 76 .05 2.54 .84 2.29 2. 40 .21 .04 .98 99. 48 .000 
+76. 77 .55 2.83 10. 87 .05 2.56 .85 2.31 2. 42 .21 .04 — 99. 46 — — 

Sample No. 
Hori¬ 
zon Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
1307136_ Ai 0- 3 4.2 12.6 6.4 25.1 22.0 23.7 6.7 100.7 
1307137_ A2 3- 5 7.6 11.8 5.8 23.8 27.4 20.4 4.1 100.9 
1307138_ B 5-15 11.6 18.9 6.8 17. 1 34.5 10.2 1.5 100.6 
1307139_ Ci 15-24 5.2 12.0 5.8 19.7 44.1 11.4 2.2 100.5 
1307140_ C2 24-36 3.8 6.6 5.2 42.6 28.2 11.9 1.0 99.2 

1 Collected by W. J. Latimer. 
2 Analyzed by G. Edgington. 
3 Analyzed by R. W. Mahoney. 

These results show great uniformity of composition for all horizons of the profile, 

including the parent glacial drift. The profile is much less well developed than the 

profiles of the Chester, Nason, and other soils from the southern part of the Gray- 

Brown Podzolic region. The percentage of silica ranges between 76 and a little less 

than 78, that of iron oxide between 3 and 4.5, and of alumina between 10.5 and 11.5. 

The Miami soils have developed from highly calcareous glacial drift, on smooth 

relief, and under good drainage conditions. The color and texture profiles are well 

developed. These are the dominant Gray-Brown Podzolic soils in western Ohio, 

most of Indiana, in southern Michigan, and in southern Wisconsin. (See soil map, 

pi. 5, secs. 2 and 7.) 

The chemical (fusion analysis) and mechanical composition of four samples of 

Miami soils are shown in Tables 38, 40, 43, and 44. In all cases the samples were 

carefully collected by horizons and represent virgin soils. The sample of the silt 

loam from Hancock County, Ind., Table 38, is representative of the Miami group. 

Table 38.—Composition of Miami silt loam, Greenfield, Hancock County, Ind.1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical 2 

Si02 Ti02 Fe2Os A12Os MnO CaO MgO K20 Na20 P205 SOs 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. cU 
984018 Ai O- 9. J«71. 82 0. 57 2.91 9.06 0.13 0.81 0.62 2.02 1.06 0.13 0.13 11.09 100. 35 0. 334 

+80. 79 .64 3. 27 10.18 . 14 .91 .70 2. 27 1. 19 . 15 .15 100. 39 
98401Q A2 

+77.08 .65 3.08 9. 50 . 14 .63 .64 2. 03 1.02 . 10 .07 5.00 99. 94 . 153 
+81.12 .68 3.24 10. 00 .15 .66 .67 2. 14 1.07 . 11 .07 99.91 

284020 A3 K—19 (“77. 35 .65 3. 22 10. 09 .12 .53 .62 2.19 1.16 .08 .06 3.98 100. 05 . 104 
+80. 52 .68 3. 35 10.51 .13 .55 .65 2.28 1. 21 .08 .06 100. 11 

A2 
j 2-12 

+47.47 .74 9. 89 27. 58 .28 .92 1. 17 2. 48 .34 .40 .29 9. 23 100. 79 
A3 +52. 30 .82 10.88 30. 88 .31 1.13 1.29 2. 73 .37 .44 .32 100. 97 

[“69. 52 .65 5. 92 14. 06 .08 .70 1.20 2. 38 .97 .09 . 05 4. 33 99. 95 .053 
284022 Bi 1fi-32 I *>72. 68 .68 6.19 14. 70 .08 .73 1.25 2. 49 1. 01 .09 .05 99. 93 

1 “47. 53 .59 12. 45 25. 15 .14 .70 2. 40 2. 71 .07 .22 . 10 8. 44 100. 50 
+51. 91 .64 13. 49 27. 47 .15 .76 2. 60 2. 96 .08 .23 . 11 100. 40 

284023 B2 32 30 +65. 64 .60 5. 60 14. 73 .13 1.57 1.97 2. 64 1.39 .12 .05 5.61 100. 05 .069 
+69. 52 .64 5. 93 15. 61 . 14 1.56 2. 09 2. 80 1. 47 .13 .05 100. 05 
+47. 93 .39 3. 34 8. 56 .07 13. 59 6. 05 1.93 .85 .09 .05 17. 33 100. 18 .029 15. 00 

284024 0 36+ 
I b57. 97 .47 4.04 10. 36 .08 16.43 7. 32 2.33 1.03 . 11 .06 100. 22 

1 “47. 13 .60 11.45 24. 25 .09 1. 50 3. 09 4. 28 .16 .21 . 12 7.23 100. 11 
+50. 80 .64 12.34 26. 14 .10 1. 61 3. 31 4. 59 .17 .22 .13 100. 05 — — 

1 Collected by W. E. Tharp. 2 Analyzed by G. Edgington. 



36 

ATLAS OF AMERICAN AGRICULTURE 

Table 38.—Composition of Miami silt loam, Greenfield, Hancock County, Ind.—Continued 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

284018 _ _ Ai 0- 2 1.3 4.4 2.6 12. 7 11.2 51.7 16.6 100.5 

284019 _ A2 2- 5 1.9 2.7 2.4 14. 1 13.9 47.9 17.5 100.4 

284020 _ Aj 5-12 .7 2.8 2.6 15.2 12.2 50.4 16. 5 100.4 

284022 _ Bi 16-32 .9 3.4 2.7 15.8 14.6 34.5 28.6 100. 5 

284023 _ B2 32-36 1.2 3.1 2.6 15.7 16.8 33.4 27.6 100. 4 

284024_ C 36+ 2.6 5.2 3.2 17.8 17.8 37.2 16.4 100. 2 

3 Analyzed by J. B. Spencer. 

The Podzolic profile is clearly shown in the composition of the several horizons. 

The percentage of silica in A2 is about 12 per cent higher than in B, and that in the 

parent material, below 36 inches, is only about 70 per cent of that in A2. The per¬ 

centage of iron oxide ranges from 3.24 in A2 to 6.19 in Bi and 4.04 in C. Alumina 

ranges from 10 in A2 to 15.6 in B2 and is 10.36 in C. The CaO in Ax is nearly 50 per cent 

higher than in A2 while in the parent material it is 16.4 per cent, most of which is 

carbonate, the percentage of the latter being about 30. Potash percentage is highest 

in B2, 2.8, while in A2 it is 2.14, the range not being great. The percentage of soda 

ranges from 1.01 in Bx to 1.47 in B2, and is 1.19 in Ax, the low percentage in B2 being 

noticeable. Percentages of P205 and S03 are highest in Ax, the concentration of S03 

in this layer being marked. 
The ratios for the A2, B,, and C horizons, horizon A2 including the value computed 

from those of both A2 and A3, and the molecular equivalent composition are shown in 

Table 39. 
Table 39.-—Miami silt loam, Hancock County, Ind. 

Sample No. 
Hori¬ 
zon 

Depth in 
inches 

Ratios Molecular equivalent composition 

sa sf ba Si02 Fe203 AI2O3 

Alkalies 
and 

alkaline 
earths 

284020 A2 2-12 13. 27 64. 62 0. 532 1.362 0.020 0. 98 0.0517 

984022 B, 16-32 8.4 31. 11 .387 1.205 .038 1.44 .0557 

284024_ C 36+ 9.5 37. 90 3. 296 .9613 .025 1. 01 .3337 

The sa ratios show a rather well-defined accumulation of alumina in the B 

horizon over that in the C but a much more definite loss in A2 than gain in Bx. It is 

apparent that translocation into the Bx horizon from the A2 has been much less than 

the removal from A2 to the drainage waters or elsewhere. In the case of iron oxide 

(sf) the ratios are relatively about the same as for alumina. 

The molecular equivalent composition shows about 25 per cent more silica 

molecules in the Bx horizon than in the C. The low number in the C is due mainly 

to the high percentage of lime in the latter. This will affect all the substances, 

however, but the number of molecules of iron oxide in the Bx horizon is a little more 

than 50 per cent greater than in C, and of alumina the Bx horizon has 40 per cent 

more. The number of alumina molecules in A2, however, is practically the same as 

in C, but the number of molecules of iron oxide in A2 is lower than in C and much 

lower than in Bx. 
The loss of alkalies and alkaline earths from both A2 and B has been important, 

tion while that in A2 shows considerable apparent loss. The percentage of iron oxide 

in C after calculating out the excess of CaO and MgO is a little above 4, showing an 

apparent well-defined accumulation in B2, a small accumulation in Bx, and loss in A2. 

The percentages of alkalies are not unusual in any way, while those of the alkaline 

earths show high percentages in the parent glacial drift, horizon C. 

The ratios and molecular equivalent composition for this soil are shown in 

Table 41. 
Table 41.—Miami silt loam, Wayne County, Ind. 

Sample No. 
Hori¬ 
zon 

Depth 
in 

inches 

Ratios Molecular equivalent composition 

sa sf ba Si02 Fe2(>3 AI2O3 

Alkalies 
and 

alkaline 
earths 

283703_ 6- 9 16. 90 81.8 0.572 1.400 0. 017 0.082 0.0472 

283705_ b2 16-30 8. 60 29.8 .424 1.214 .040 . 140 .0595 

283707_ c2 43-60 11.55 49.9 6. 531 .853 .017 .074 .4802 

The much smaller sa ratio in horizon B2 than in A2 or C2 shows clearly an accu¬ 

mulation of alumina in the first-mentioned horizon. The parent material is glacial 

drift, and with no evidence to the contrary at hand it must be assumed that the 

solum of the existing soil was derived from material closely similar to, if not identical 

with, that in C2. The drift is highly calcareous, having had its source largely in lime¬ 

stones. It contains presumably a very small percentage of feldspathic minerals. 

The accumulation of alumina in B2, therefore, must have been brought about mainly 

by translocation from above. The high ratio in A2 shows that relative to silica there 

is only half as much alumina in that horizon as in B2. This soil has developed from 

material accumulated at so late a geological date that extremely little lowering of the 

surface by erosion has taken place. The percentage of sand in the surface soil has 

not been increased to an appreciable extent, therefore, by severe erosion, leaving the 

coarser material behind. Some of the clay in A2 has been removed by being washed 

out of the sand, and to this is probably due the higher silica and lower alumina in A2. 

The significantly lower ratio in B2 than in C2 shows that the lower ratio in B2 

than in A2 is due not merely to the removal of alumina from A2 but also to its accumu¬ 

lation in B2. 

The same relationships among the horizons are shown by the molecular ratios. 

The difference in sf ratios between B2 and C2 is nearly seven times as great as 

that in the sa ratios. There has been a greater accumulation of iron oxide in B2 

than of alumina. This greater accumulation is reflected also in the great difference 

of sf ratios between A2 and B2. This is in line with what has been shown in most of 

the other profiles of Gray-Brown Podzolic soils, namely that shifting of iron oxide 

has taken place to a greater extent in these soils than that of alumina. 

The complete analysis shows a very slightly higher percentage of organic matter 

(N) in B2 than in Bx. The difference is very small and lies well within the range of 

possible analytical error, but field examination shows the presence of a faint dark- 

colored coating on the outsides of soil particles in B2. It is possible that this may 

have had some influence in the precipitation of alumina in B2. 

The very high percentage of calcium carbonate in C2 causes the wide differences 

in ba ratios. The low ratio in B2 shows that the alumina in that horizon is less rich 

in bases than that in A2. It is not necessary to conclude that there is any actual 

difference in the kind of compounds of alumina in the two, but the higher ratio in A2 

can be due to the presence of feldspar fragments but not to the presence of bases 

but the number of molecules in A is only one-fourth that in B. 

The development of the horizons in a well-collected sample of Miami silt loam 

from Wayne County, Ind., seems somewhat more definite than in the Hancock 

County profile. The chemical and mechanical composition are shown in Table 40. 

Table 40.—Composition of Miami silt loam, Wayne County, IndJ 

Chemical2 

Sample 
No. 

Hori¬ 
zon 

Depth 

Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P2Os SOs 
Igni¬ 
tion 
loss 

Total 

P ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 
r«80. 46 0. 72 3. 00 7.79 0.04 0. 83 0.49 1.64 1.04 0.08 0. 12 3.62 99.83 

283702- Ai 3- 5 \ <>83.49 .75 3. 11 8. 09 .04 .86 .51 1. 70 1.08 .08 . 12 _ 99.83 

r«81. 58 .59 2. 64 8. 21 .05 .49 .30 1. 79 1. 14 .03 .04 2. 90 99. 76 
283703... Aa 6- 9 

{‘84. 00 .61 2. 72 8. 45 .05 .50 .31 1.84 1. 17 .03 .04 _ 99. 72 

f a75. 37 .62 4. 65 11.41 .04 .51 .72 2. 21 1. 02 .02 .02 3. 43 100. 02 
283704.__ Bi 10-15 

f ‘78. 02 .64 4. 78 11.82 .04 .53 .75 2.29 1.06 .02 .02 _ 99. 97 

f «69. 81 .56 6.18 13. 72 .03 .72 1.11 2. 48 1. 11 .07 .03 4. 21 100. 03 
283705... B2 16-30 \ ‘72. 89 .57 6. 48 14. 33 .03 .75 1. 16 2. 59 1.16 .07 .03 _ 100. 03 

/«58. 92 .37 3. 66 9. 70 .03 7. 40 4. 92 1.91 1.12 .08 .03 11.95 100. 09 
382706._ _ Cl 31-42 

\‘66. 91 .42 4. 16 11.02 .04 8. 40 5. 59 2.17 1.27 .09 .03 100.10 

f«39. 24 . 21 2. 08 5. 77 .05 18.93 7. 99 1.36 .99 .05 .03 23. 44 100. 14 
383707... C2 43-60 

1*51. 25 .27 2. 72 7.54 .06 24. 71 10. 44 1. 78 1. 29 .07 .04 — 100.17 

P. ct. 
0. 100 

A 042" 

""."032" 

.038 

.028 

.031 

C02 
from 
car¬ 
bon¬ 
ates 

P. ct. 

9. 42 

22.~41 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
283702 -- - --- Ai 3- 5 1.6 3.8 3.0 18.0 17.9 44.8 10.9 100. 0 

983703 a2 6- 9 .9 3.2 3.2 19. 2 19.6 40.9 13.1 100.1 

983704 Bi 10-15 .6 2.9 2.8 16.6 17.5 36.3 23.4 100.1 

283705 __ -- -- -- b2 16-30 .8 3.6 3.7 20.0 14.8 25.5 31.2 99.6 

283706 -- - - _ Cl 31-42 1.4 5.8 5.8 25.8 14.7 28.4 18.5 100.4 

283707_ C2 43-60 4.8 9.2 5.2 22.6 18.0 29.3 11. 5 100.6 

combined with organic colloids. 

The molecular equivalent composition shows that the number of molecules of 

alumina in A2 and C2 per unit weight of material is not very different, the number in 

A2 being a little larger. The number in B2 is nearly twice that in C2. The number of 

iron oxide molecules in A2 and C2 is the same, but the number in B2 is twice as great. 

The total number of molecules of alkalies and alkaline earths not including mag¬ 

nesia, per unit of weight, is smaller than in B2, failing to confirm the suggestion of the 

higher ba ratio in A2 than in B2. 

Colloid material was extracted from the combined A2 and A3 horizons, and from 

the Bx and C horizons of the Hancock County, Ind., profile by Holmes and Edgington 

(10) and subjected to complete chemical analysis. The ratios for the several horizons 

and the molecular equivalent composition are shown in Table 42. 

Table 42.—Colloid from Miami silt loam, Hancock County, Ind. 

Sample No. 
Hori¬ 
zon 

Depth 
in 

inches 

Ratios Molecular equivalent composition 

sa sf ba Si02 Fe2(>3 AI2O3 

Alkalies 
and 

alkaline 
earths 

284020--- A 2-12 2.93 12. 72 0.176 0.867 0.068 0. 302 0. 0565 
284022_ B. 16-32 3.24 10.16 . 172 .860 .084 .268 . 0457 
28*024_ C 36+ 3. 30 10. 91 .313 . 8*2 .077 .255 .0816 

The chemical and mechanical composition of a sample of Miami silty clay loam 

from Madison County, Ohio, are shown in Table 43 and analyses of the silt loam from 

Decatur County, Ind., are shown in Table 44. They are normally developed Miami 

soils, show the usual chemical and physical features of the profile, and need no further 

discussion. 

Table 43.—Composition of Miami silty clay loam, Fayette, Madison County, Ohio 1 

1 Collected by E. D. Fowler and T. M. Bushnell. 
2 Analyzed by G. J. Hough and G. Edgington. 
3 Analyzed by J. B. Spencer and V. Jacquot. 

Silica percentages in the various horizons and subhorizons range between 51 and 

84. The lowest percentage is in horizon C and the highest in A2. When the high 

percentage of calcium and magnesium carbonates have been calculated out, reducing 

the percentages of CaO and MgO to about what they are in the solum horizons, the 

percentage of silica in horizon C is a little less than 80, practically the same as in Bx. 

The percentage of alumina in B2 is 14, that in Ax and A2 a little above 8, and that in C 

is 7.5. When the excess of CaO and MgO in C has been calculated out, the percent¬ 

age of alumina in C stands at 11.5. There is, therefore, an apparent accumulation 

of alumina in B2, the percentage in Bx showing a very small apparent accumula¬ 

Chemical2 

Sample 
No. 

Hori¬ 
zon 

Depth 

SiC>2 Ti02 Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P2O5 SOa 
Igni¬ 
tion 
loss 

Total N 

co2 
from 

carbo¬ 
nates 

Inches P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. 
272302._ 3 4 f«78. 19 

1 ‘81. 50 
0. 79 3. 33 9.07 0.09 0. 77 0.59 2.09 1.09 0.12 0.11 4.08 100. 32 0.120 
.82 3. 47 9.47 .09 .80 .62 2.18 1.14 . 13 . 11 100. 33 

272303-5. A2 5-14 
/«75. 65 
\‘78. 68 

.91 4. 08 10.59 .07 .82 .68 2. 18 .94 .11 .09 3.81 99.93 .080 

.95 4.24 11. 01 .07 . 85 .71 2. 27 .98 .11 .09 99. 96 

272306-8. B 15-28 
/«59. 37 
\‘64. 93 

.77 

.84 
7.08 
7. 74 

14. 81 
16.18 

.07 

.08 
2.92 
3.19 

2. 56 
2.80 

2. 48 
2.71 

.83 

.91 
.15 
.16 

. 11 

. 12 
8.55 99. 70 

99. 67 
.080 2.03 

272309. - 29-36 
/‘SO. 94 
(‘59. 26 

.64 5. 46 12.78 .06 7. 45 5.10 2. 33 .64 .13 .11 14.00 99. 64 . 080 9. 03 

.74 6. 35 14. 86 .07 8. 66 5. 93 2. 71 .74 .15 .13 99. 60 

1 Collected by A. E. Taylor. 2 Analyzed by G. J. Hough. 

♦ 

4 

9 

9 
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Table 43.— Composition of Miami silty clay loam, Fayette, Madison County, Ohio—Continued eluviated soil and in texture and general chemical composition is a member of the 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

272302 _ A. 3- 4 0.3 1.4 0.9 5.7 11.7 60. 5 19. 6 100.1 

272303-5_ A2 5-14 .3 1.1 .9 5.0 10.9 57.0 24.8 100. 0 

272306-8_ B 15-28 .7 1.4 .9 5.9 11.3 41.7 38.4 100.3 

272309_ C 29-35 3.4 12.4 7.1 25.4 11.8 25.4 14.6 100.1 

3 Analyzed by J. B. Spencer and V. Jacquot. 

Table 44.—Composition of Miami silt loam, Westport, Decatur County, Ind.1 

Sam¬ 
ple 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P2O5 SOs 
Igni¬ 
tion 
loss 

Total N 

co2 
from 

carbo¬ 
nates 

Inches P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P.ct. P.ct. P.ct. P. ct. P.ct. P. ct. P. ct. P.ct. 

/ “71.96 1.00 2.71 7.16 0.10 1.41 0.57 1.38 0.60 0.28 0.26 11.75 99.18 0. 430 
28526-- Ai 0-% \381. 40 1. 14 3.07 8.10 .11 1. 61 .65 1.58 .69 .32 .30 _ 100.01 _ _ 

r«78.55 .79 2.77 9.32 .08 .72 .60 1.93 .79 .18 .13 4.00 99. 86 . 170 — 

28527- . A2 94-10 
1 <>81.80 .82 2.89 9.72 .08 .75 .63 2.01 .82 .19 .14 _ 100. 01 _ — 

fa72. 31 .69 4.57 12.86 .10 1.11 1.03 2.03 .96 .19 .09 3. 57 99. 51 .060 
28528-_ B 10-33 

\fc74. 90 .72 4.76 13. 41 .10 1.16 1.07 2.11 1.00 .20 .09 _ 100. 01 _ — 

f«66. 26 .65 5.06 11. 52 .08 4.15 2. 72 2.13 1.23 .32 . 15 5.69 99. 96 . 050 
28529_. C 34-42 

\ 370.30 .69 5.37 12.23 .08 4. 40 2.89 2.26 1.30 .34 .16 — 100.02 

- 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

28526 ' _ Ai 0 0.8 4.0 2.0 8.2 6.5 63.4 15.1 100.0 

28527 _ 24-10 .7 2.6 1.8 6.9 9.0 61.2 18.0 100. 2 

28528 _ B 10-33 1.0 2.4 2.6 15.3 9.8 25.0 43.4 100. 0 

28529_ c 34-42 1.0 3.8 4.0 24.8 8.8 34.0 23.5 99.9 

1 Collected by C. F. Marbut. 
2 Analyzed in the division of soil chemistry, Bureau of Soils, Mar. 20, 1920. 
3 Analyzed by A. A. White. 

A sample of colloid was extracted from the B horizon of Miami silty clay loam 

from Jefferson, Wells County, Ind., by Robinson and Holmes (15). Since the parent 

material was not sampled the results have very little value in this discussion. The 

alumina-silica (sa) ratio, however, 3.4, is high as is usual in Miami soils. 

The Crosby soils are very closely related to the Miami, being developed from the 

same parent material but on areas of smooth relief and under the influence of rather 

high ground water. The profile consists, from the surface downward, of a thin dark- 

gray layer, a gray or nearly white layer, a brown heavier layer, and the parent material. 

Material from a profile of Crosby silt loam, from Wayne County, Ind., was care¬ 

fully sampled and subjected to complete (fusion) chemical analysis. The results 

of this and also the mechanical composition are given in Table 45. 

Table 45.—Composition of Crosby silt loam, Wayne County, Ind.1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P205 SO3 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

P. ct. P.ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 

r«76.11 0.67 2.75 8. 47 0.15 0. 95 0.15 1.80 1.17 0. 16 0. 09 7.81 100. 28 0. 262 
283758--. Ai 0- 3 {l82. 58 .73 2. 98 9.19 .16 1. 03 .16 1.95 1.27 .17 .10 100. 32 

r«77. 90 .79 3. 58 8. 65 .24 .85 .52 1.79 1.05 .13 .11 4. 25 99. 86 . 120 
283759-.- A 2 4- 5 P81. 32 .83 3.74 9. 04 .25 .89 .54 1.87 1.10 . 14 . 11 _ 99. 83 _ _ 

r°75. 26 .81 5. 47 9. 22 .81 .79 .76 1.82 1.02 .10 .05 4. 03 100. 14 .080 
283760--_ A3 6-10 P78. 39 .84 5.70 9. 65 .84 .82 .79 1.90 1.06 . 10 .05 _ 100. 14 _______ _ 

fa75. 38 .81 4. 62 11.33 .15 .80 .75 1. 82 .89 .07 .03 4.15 100. 80 .040 _ 

283761-__ A 4 11-18 
t678. 65 .85 4. 82 11. 82 .16 .83 .78 1.90 .93 .07 .03 _ 100. 84 _ _ 

f ■“68. 82 .74 5.12 14. 51 .08 1.07 1.27 1.84 .93 .08 .04 5. 30 99. 80 .040 
283762.__ Bi 19-26 p72. 67 .77 5. 41 15.32 .08 1.13 1.34 1.94 .98 .08 .04 _ 99. 76 _ _ 

/ <*71. 91 .54 5.17 12.15 .08 1.68 1.42 1.99 1.15 .15 .02 3. 90 100.16 .030 
283763--- B2 27-28 

{b7i. 85 .56 5. 38 12. 64 .08 1. 75 1.48 2. 07 1.20 .16 .02 100.19 

/a49. 34 .38 3.15 7. 56 .07 13. 50 5. 80 1. 51 1.01 .10 .04 17. 70 100.16 .020 16. 35 
283764-_ _ C 29-60 

11>59. 94 .46 3. 83 9.19 .09 16. 41 7.05 1. 83 1.23 .12 .05 100. 20 

Gray-Brown Podzolic soils. 

The ratios for the several horizons and the molecular equivalent composition in 

Si02, Fe203, and A1203 are shown in Table 46. 

Table 46.—Crosby silt loam, Wayne County, Ind. 

Sample No. 
Hori¬ 
zon 

Depth in 
inches 

Ratios 
Molecular equivalent 

composition 

sa sf ba Si02 Fe2C>3 AI2O3 

283758_ A, 0- 3 15.28 73.44 0.662 1.370 0.0186 0.090 

283759_ Aj 1 
283760_ A3 f 4-18 12. 31 41. 52 .479 1.310 .0315 .1067 

283761_ A 4 1 
283762 ___ Bi 19-26 8. 06 35.59 .364 1.210 .0340 .1500 

283764_ c 29-60 11. 08 41.34 3. 690 .999 .0240 .0900 

The sa ratio for horizon Bi is much lower than that for C. Since presumably 

there was no difference in composition in the parent rock between the material in 

the zone converted into horizon B and that now constituting horizon C, and since 

also the original material had a very low percentage of feldspathic minerals the lower 

ratio in Bi must signify an actual transfer of alumina into this horizon from elsewhere. 

The high ratio in Ax is that of a layer of rather sandy material accumulated as a resid¬ 

ual accumulation by the removal by water of the finer material. Part of this has 

probably been washed into Bx by percolating water and part removed entirely from 

the soil. 
The sf ratios show less difference between horizons C and Bi than the sa ratios. 

That of the Bx horizon is lower than that in C by 12 per cent, while the sa ratio in 

Bx is lower than that in C by nearly 30 per cent. The ratios in the lower divisions 

of horizon A are almost exactly the same as in C. The sa ratio in these lower parts 

of horizon A is also nearly the same as that in C. It appears that alumina has suffered 

more from eluviation in this soil than has iron oxide. 

The molecular equivalent composition shows essentially the same relationships 

as the several ratios. The relative number of molecules of alumina per unit of weight 

in Bi. is high, that in the other horizons, including C, is low. The same may be said 

of iron oxide, but the reverse is true of silica. 

The Bethel soils occupy situations practically identical with those of the Crosby 

series. They differ from the latter in being less well drained. The middle part of 

the A horizon is nearly white, the lower part mottled with soft iron oxide spots, as 

is also the B horizon. 
The composition of material from a profile of Bethel silt loam in Hancock County 

Ind., is shown in Table 47. 

Table 47.—Composition of Bethel silt loam, Westland, Hancock County, Ind.1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe20s AI2O3 MnO CaO MgO K20 Na20 P2Os SOs 
Igni¬ 
tion 
loss 

Total N 

co2 
from 

carbo¬ 
nates 

Inches P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 

(075. 71 0.72 2.95 9. 13 0. 14 0.75 0. 60 2. 07 1. 28 0.14 0.11 6. 76 100. 36 0.231 _ 
284025.- Ai 0- 5 

p81.19 .77 3.16 9. 79 . 15 .80 .64 2. 22 1.37 .15 . 12 _ 100. 36 _ _ 
f<*78. 35 .72 3.21 9. 70 .13 .57 .62 2. 13 1.18 .05 .05 3. 55 100. 26 .076 

284026._ A2 5-10 
(681.26 .75 3.33 10.06 . 14 .59 .64 2. 21 1.22 .05 .05 _ 100. 30 _ _ 

(a72. 58 .74 5. 00 12. 64 .07 .68 1.04 2. 32 1.13 .05 .05 4. 05 100. 35 .054 
284027._ A3 10-15 

\»75. 60 .77 5.21 13. 17 .03 .71 1.08 2. 42 1. 18 .05 .05 __ 100. 32 _ _ 
/“65. 25 .68 6.20 16. 22 .15 1.09 1. 68 2. 70 1.31 .07 .02 5. 03 100. 40 .057 

234023. . B lo-22 
1668. 69 .72 6. 53 17.08 .15 1.15 1. 77 2. 84 1.38 .07 .02 _ 100. 40 _ _ 

f«55. 67 .59 5. 25 13. 62 .09 6.12 4. 45 2. 68 1. 14 .12 .02 10. 56 100. 31 .037 6. 88 
284029-- C (662. 26 .66 5. 87 15. 23 .10 6. 84 4.98 3.00 1. 27 . 13 .02 — 100. 36 — — 

Mechanical3 

234025. 
234026. 
284027. 
284028 
284029. 

Sample No. 
Hori¬ 
zon 

Depth 

Inches 
Ai 
A2 
A! 
B 
C 

0- 5 
5-10 

10-15 
15-22 
22-24 

Fine 
gravel 
(diam¬ 
eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

1. 5 3.1 1.9 7.4 10.0 62.8 13.5 100. 2 

.5 1.8 1.4 6.6 13.1 60.1 16.5 100.0 

.4 1.5 1.2 6.0 10.0 55.0 25.7 99.8 

.6 1.5 1.4 8.5 16.4 39.5 32.1 100.0 

1.1 1.8 1.4 10.2 15.6 38.5 31.5 100.1 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

283758 _ Ai 0- 3 0.8 3.0 1.9 8.2 9.4 61.4 15.2 99.9 

283759_ A 2 4- 5 1.7 2.8 1.9 7.6 12.2 60.0 13.6 99.8 

283760 _ 6-10 11.0 5.1 1.9 6.9 11.3 51.4 12.3 99.9 

283761 _ A4 11-18 3.6 3.3 1.0 4.5 34.4 49.1 16.5 100.1 

283762 _ Bi 19-26 1.2 1.5 1.2 8.0 22.8 58.2 14.0 99.9 

283763 _ B2 27-28 3.2 5.7 4.8 24.0 19.7 30.1 12.5 100.0 

283764_ c 29-60 4.2 6.8 4.2 20.0 22.2 29.9 12.5 99.8 

1 Collected by E. D. Fowler and T. M. Bushnell. 
2 Analyzed by G. Edgington and G. J. Hough. 
3 Analyzed by A. A. White. 

In this profile the A horizon was broken into four layers on the basis of slight 

differences in color or structure and the B horizon into two. The A2 horizon extends 

from 4 to 18 inches. The lower layer of the A2 horizon, designated in the table as 

A4, has a lower percentage of iron oxide but a higher percentage of alumina than the 

higher layers. The mechanical composition shows about 30 per cent more clay in 

the A4 layer than in the one above it. The relatively high percentage of clay in Ax 

is mainly due to the presence of organic matter. 
The percentage of alumina in Bx is 70 per cent higher than the lowest percentage 

in any of the layers of A. This is almost exactly the same ratio as that between the 

highest percentages of alumina in any part of the B horizon and the lowest in any 

part of the A in both profiles of Miami silt loam previously discussed. The apparent 

increase of iron oxide in the B horizon over the lowest in any part of A is about 75 

per cent. In the Wayne County Miami silt loam the apparent increase is nearly 

twice this and in the Hancock County profile of the same soil the apparent increase 

is about 90 per cent. In chemical composition, therefore, the Crosby soils do not 

differ greatly from the Miami soils. The difference lies mainly in the physical 

features of the several horizons, described on page 27. Crosby silt loam is an 

1 Collected by W. E. Tharp. 
2 Analyzed by G. Edgington. 
3 Analyzed by J. B. Spencer. 

The percentages of alumina in Au A2, and B are almost the same as in the corre¬ 

sponding horizons of the Crosby sample, the apparent accumulation of alumina being 

a little greater. The same statement is essentially true of iron oxide and silica. The 

depth to parent material in the Bethel soil is a little less than in the Crosby, probably 

due both to the presence of ground water and a somewhat greater accumulation of 

alumina in B. There is a slight difference shown by the mechanical composition 

table in clay content between horizons B and C but a much greater difference between 

At and B. 
An apparent increase of alumina has taken place in horizon B, but the percent¬ 

age in B is only about 45 per cent higher than the lowest in any layer of A instead of 

70 as in the Crosby profile from Wayne County and is only 10 per cent higher than in 

horizon C. The percentage of iron oxide in B is 50 per cent higher than the lowest 

in any layer of horizon A. In the Wayne County sample this higher percentage is 

75 instead of 50, but the percentage in B is only about 10 per cent higher than in C. 

The complete chemical analysis indicates a slight accumulation of both iron oxide 

and alumina in B compared with C, but the loss from horizon A has been important. 

The ratios and molecular equivalent composition of Bethel silt loam, Hancock 

County, Ind., are shown in Table 48. 

Table 48.—Bethel silt loam, Westland, Hancock County, Ind. 

Sample No. 
Hori¬ 
zon 

Depth in 
inches 

Ratios 
Molecular equivalent 

composition 

sa sf ba Si02 Fe2C>3 AI2O3 

284025_ A, 0- 5 14.10 68.09 0. 625 1.346 0. 0198 0. 0958 

284026_ A2 5-10 13. 70 64. 66 .545 1.347 .0208 .0985 

284028_ B 15-22 6.83 27. 87 .430 1.139 .0409 . 1671 

284029_ C 22-24 6. 95 28.10 1. 169 1.032 .0367 . 1490 
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The sa ratios show that very little change in soil building has taken place between 

horizon B and the parent material in C. There is also very little difference in the 

silica-alumina ratio between Ai and A2, but both are widely different from B as well 

as from C. Assuming that the actual loss of silica in the course of soil development 

has been small, an assumption not wholly unreasonable where development has 

taken place in calcareous glacial till, the loss of alumina from Ai and A2 has been about 

half the total amount present in the parent material. This has disappeared from 

the soil profde, whereas in the Miami profiles developed under good drainage an 

important part of the alumina lost from A has been accumulated in B. 

The sf ratios tell essentially the same story as the sa ratios. A slight accumula¬ 

tion seems to have taken place in Ax above that in A2. The loss of bases has of course 

been heavy since the parent glacial drift contains about 7 per cent of CaO, most of 

which is carbonate. Ratios between potash alone and alumina in A2 and B of 22 

and 16, respectively, show that the higher percentage of alumina in B does not main¬ 

tain an equally high percentage of potash, compared with A2. 

On account of the presence of a high percentage of calcium carbonate in C the 

relative number of molecules, per unit of weight, of all other constituents in this horizon 

must be low. When, however, the excess of CaO over that in the other horizons has 

been calculated out the molecular equivalent composition tells the same story as the 

ratios. Iron oxide and alumina have been lost from the layers of horizon A, but 

practically none of this has been saved to the profile by being deposited in B. 

It has already been stated that the Clinton soils are close relatives of the Miami. 

They are not only members of the Gray-Brown Podzolic group but have a profile 

morphologically like that of the Miami. They have developed from calcareous, 

presumably wind-blown, silts. 

The chemical and mechanical composition of material from a profile of Clinton 

silt loam from Jones County, Iowa, are shown in Table 49. The mechanical com¬ 

position shows a relatively high content of clay between depths of 20 and 50 inches 

and a lower content below that; that of silt is lowest in the 20 to 50 inch depth and 

highest in the parent material but high also in the surface soil. 

Table 49.—Composition of Clinton silt loam, Amber, Jones County, Iowa 1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe2(>3 AI2O3 MnO CaO MgO K2O Na20 P2Os SOs 
Igni¬ 
tion 
loss 

Total N 

COj 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P.d. P.d. P. ct. P. ct. P. ct. P. ct. P.d. P. ct. P. ct. P.d. P. ct. P. ct. P. ct. P. ct. 
f°79. 57 0.63 2. 34 8.86 0. 20 0. 75 0.61 2.03 1. 48 0. 07 0. 05 3.70 100. 29 0. 101 

336424_ Ai \b82. 62 .65 2. 43 9. 20 .21 .78 .63 2.11 1. 54 .07 .05 100. 29 
/“78. 97 .64 2. 82 9. 99 . 17 .60 .73 2.14 1.42 .06 .05 2.91 100. 50 .054 

336425_ A2 12-20 P81.32 .66 2. 90 10. 29 . 17 .62 .75 2. 20 1.46 .06 .05 100. 48 

B 
f“74. 39 .59 4.54 12. 24 . 12 .67 1.03 2. 03 1.23 .10 .04 3. 45 100. 43 .031 

336426_ 20—50 \h77. 06 .61 4. 70 12.68 . 12 .69 1.07 2. 10 1. 27 .10 .04 100. 44 
r-66. 92 .50 2. 86 9. 27 .04 6. 10 3.10 1.81 1.47 . 15 .03 7.95 100. 20 .005 6. 28 

336427_ c 50-}- \f>72. 70 .54 3.11 10. 07 . 05 6.62 3. 36 1. 97 1.60 . 16 .03 100. 21 

Sampie No. 
Hori¬ 

zon 
Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 

eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1-0.5 

mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

336424_ Ai 0-12 0.0 0.5 0.4 2.8 20.5 62.1 13.0 99.3 

336425___ A2 12-20 .6 3.2 1.7 5.4 21.2 56.1 11.6 99.8 

336426_ B 20-50 .2 1.2 .9 4.9 24.4 52. 2 16. 3 100.1 
336427_ C 50+ .0 .0 .0 2.0 24.6 63.4 10.0 100.0 

1 Collected by R. E. Devereux. 
Analyzed by G. Edgington. 
Analyzed by V. Jacquot. 

The relative percentages of silica, iron oxide, and alumina in the several horizons 

are those characteristic of Podzolic soils. The percentages of alumina and iron oxide 

in B (20 to 50 inches) are higher than those of the same constituents in the layers of 

horizon A or of horizon C. 

Part of the low percentages of both these constituents as well as of all others 

except calcium oxide is due to the high percentage of calcium oxide present. When 

this excess, however, above that in the other horizons has been calculated out, the 

percentages of alumina and iron oxide are still lower than in B, showing apparent 

accumulation of these constituents. The percentages of alkalies and alkaline earths, 

except for the high carbonates of calcium and magnesium in C and their influence 

on the other constituents, are strikingly uniform throughout the profile. 

The various ratios and molecular equivalent composition in Si02, Fe203 and 

A1203 are shown in Table 50. 

Table 50.—Clinton silt loam,, Amber, Jones County, Iowa 

Sample No. 
Hori¬ 
zon 

Depth in 
inches 

Ratios 
Molecular equivalent 

composition 

sa sf ba Si02 Fe2C>3 AI2O3 

336425_ A2 12-20 13. 43 74. 31 0.575 1.348 0. 0181 0.1006 

336426_ B 20-50 10. 33 43. 45 .443 1.277 .0291 .1240 

336427_ C 50+ 12. 27 61. 94 1.671 1.205 .0194 .0975 

The sa ratios are low, as usual in Podzolic soils, in horizon B and high in A2 

and C, but the difference between those for B and C is, as usual also, less than that 

between A2 and B, suggesting at least if not proving that there has been more 

alumina removed from A2 than has been accumulated in B. Without volume 

weight determinations and careful computations on that basis with carefully meas¬ 

ured thicknesses of the horizons this can not be considered proved, but it is suggested. 

The sf ratio in B is lower than in A2 and C also, but the differences from both 

A2 and C are greater than the sa differences. The difference between the sf ratio in 

B and that in C is smaller than that between the same ratios in B and A2 as in the 

sa ratios. There has been in iron oxide also seemingly a greater amount removed 

from A2 than has accumulated in B. 

Alkalies and alkaline earths have been removed from both A2 and B, but the 

amount in A2 relative to alumina is greater than in B. This is probably owing to the 

presence of bases in A2 combined with organic matter. It may also be due in part to 

the greater richness in bases of the clays or silts in A2 than in B. 

The molecular equivalent composition shows a smaller number of silica molecules 

in C per unit weight than in B, but when the excess of CaO and MgO over the per¬ 

centages of these constituents in the other horizons has been calculated out, the 

number in C stands almost exactly the same as in B. 
The soils developed from sandstones and shales in central Kentucky and 

central Indiana are members mainly of the Muskingum series. These sandstones 

and shales are Paleozoic in age and are coal bearing, being essentially a west¬ 

ward reappearance of the carboniferous sandstones and shales of the Allegheny 

Plateau west of the interruption known as the Cincinnati anticline. Like the Alle¬ 

gheny Plateau this region, although much lower, is mainly thoroughly dissected. 

There are, however, small remnants still undissected by the invasion of existing cycle 

streams. Some of these areas lie in Indiana, others in Kentucky. 

The soils on them are better developed than the Muskingum occurring on the 

steep slopes of the dissected areas, but they have been influenced somewhat, it seems, 

by ground water. These soils, up to the present time, have been identified as 

members of the Tilsit series. 
No analysis has yet been made of material from a typical Tilsit profile. Table 51 

shows the chemical and mechanical composition of material from a profile lying on 

the border of a Tilsit area in Muhlenberg County, Ky. It does not show the compo¬ 

sition of the indurated horizon which is present but shows the composition of 

the solum and is included in order to make a comparison of the solum in the sand¬ 

stone and shale derived material with that in limestone derived material in the 

Miami soils. 

Table 51.—Composition of Tilsit silt loam, South Carrollton, Muhlenberg County, Ky4 

Sample 
No. Horizon Depth 

Chemical2 

SiOa Ti02 Fe2C>3 AI2O3 MnO CaO MgO KjO Na20 P2O5 SO3 

Igni¬ 
tion 
loss 

Total N 

CO 2 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 

28534_ 
„ _ f«81. 50 0.95 2. 44 7. 65 0. 06 0. 71 0. 45 1.75 0. 79 0. 06 0.13 4. 57 101. 06 0. no 

A 
U85. 40 .99 2. 56 8.02 .06 .74 .47 1.81 .82 .06 .13 101. 06 _ _ 

/°74. 36 1.06 5. 30 11. 94 .02 .41 .70 2.03 .70 .09 .13 3. 67 100. 41 .020 _ 
28535_ Bi 

\b77. 20 1.10 5.50 12. 39 .02 .43 .73 2. 11 .73 .09 .13 _ 100. 43 _ 

(“75. 50 .90 4. 52 11.55 .02 .72 .66 2. 15 1.15 .09 .06 2. 63 99. 95 .010 
B2 24-30 

L77. 57 .92 4.64 11.86 .02 .74 .68 2.21 1.18 .09 .06 — 99. 97 — — 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
grave] 
(diam¬ 
eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1-0.5 

mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
28534_ A 0- 2 4.8 0.6 0.5 1.9 4.9 71.8 15. 5 100.0 
28535_ Bi 2-24 .0 .4 .4 1.1 8.3 62. 6 27.3 100.1 
28536_ B2 24-30 . 4 .8 .6 2.0 8.2 58. 1 29.9 100.0 

1 Collected by C. F. Marbut. 
2 Analyzed by G. J. Hough. 
3 Analyzed by A. A. White. 

The percentage of clay in B is twice that in A, the texture profile being well 

developed. The percentage of sand is low, practically all sand present being fine and 

very fine. Silt and clay amount to 87 per cent of the material in horizon A and 88 

per cent of that in B2. 

Iron oxide and alumina are higher in B than in A, but since C was not sampled 

it can not be determined whether or not material has accumulated in B or has merely 

been removed from A. 

The percentages of potash and Na20 are moderate, phosphorus is low, and CaO 

is low. Nitrogen, except in the very thin surface layer, is very low. The nitrogen 

percentage in the several horizons is typical of that in the well-drained normal forest 

soils of the United States. 

The Cincinnati soils, the dominant type being silt loam, are also near relatives 

of the Miami soils. They have developed from old calcareous glacial drift which 

has been leached of its free carbonates to a depth of 10 feet or more. In many 

localities the drift layer is no thicker than the depth of leaching. 

The chemical and mechanical composition of material from a profile of Cin¬ 

cinnati silt loam from Clermont County, Ohio, are shown in Table 52. For making 

the chemical analysis a number of the layers were combined into one sample. The 

mechanical analysis shows that the A horizon extends to 16 inches, from 16 to 20 

inches is a transitional horizon, included in B for chemical analysis, and the B 

horizon extends from 20 to 32 inches, the layer from 32 to 48 inches being essentially 

transitional to C. From 48 inches to 10 feet the material consists of glacial drift, 

decomposed and leached of its carbonates. 

The chemical composition shows the usual podzolic features, moderately 

developed. Like Clinton silt loam, the alkalies and alkaline earths, except calcium, 

have not been excessively leached. These soils occur on rolling areas and, partly for 

that reason, the profile is not highly developed. The A horizon has been deprived 

of part of its iron oxide and alumina, but horizon B has not accumulated a percentage 

of alumina or of iron oxide higher than those in C. The percentage of clay shown by 

the mechanical analysis increases progressively downward to about 8 feet. Below 

that it seems to decrease. The percentage of CaO in the thin Ax horizon is a little 

higher than in A2. 

Table 52.—Composition of Cincinnati silt loam, Owenville, Clermont County, Ohio 1 

Chemical2 

Sample 
No. 

Hori¬ 
zon 

Depth 

Si02 Ti02 Fe2(>3 AI2O3 MnO CaO MgO K20 Na20 P206 S03 
Ig¬ 

nition 
loss 

Total N 

co2 
from 
car 
bon- 
ates 

272643_ Ai 

Inches 

0- 2 

P.d. 
/»76.02 
\"81. 50 

P. ct. 
0. 86 
.92 

P. ct. 
2.70 
2.89 

P. ct. 
9. 22 
9. 88 

P. ct. 
0.18 
.19 

P. d. 
0.32 

.34 

P. ct. 
0.53 

.57 

P. ct. 
1.68 
1.80 

P. ct. 
1.13 
1.21 

P. ct. 
0.24 

.26 

P. ct. 
0.42 

.45 

P. ct. 
6.73 

P. ct. 
100. 03 
100. 01 

P. ct. 
0. 204 

P.d 

272644-6. Aj 2- 16 
/°78.82 
U82. 70 

.88 2.84 8.96 .19 .28 .47 1.69 1.06 .25 .39 4. 70 100. 53 .124 

.98 2.98 9. 41 .20 .29 .49 1.78 1.11 .26 .41 100. 55 
272847-50 3 16- 43 

; <*77.04 .72 4.15 10. 73 .09 .43 .73 1.58 1.07 .19 .41 3. 22 100. 36 .036 
\b79. 59 .74 4.29 11.08 .09 .44 .75 1.63 1.10 .20 .42 100. 34 

272651-3. C 48-120 f“66. 23 
I369. 58 

.70 6. 93 15.37 .12 .77 1.34 2. 36 .99 .49 .08 4. 81 100.19 .042 

.74 7. 28 16.15 .12 .81 1 1.41 2. 48 1.04 .51 .08 100.20 

1 Collected by A. E. Taylor. 
2 Analyzed by G. Edgington. 
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Table 52.—Composition of Cincinnati silt loam, Owenville, Clermont County, Ohio—Continued 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 

eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral. 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
272643_ A. 0- 2 0.1 0.4 0. 2 0.4 2.9 78.8 17.0 99. 8 
272644-6_ A2 2- 16 .5 .5 .3 1. 6 6.6 73.7 16.8 100.0 
272647-50_ B 16- 48 .8 1.5 1.0 5.0 9.3 59. 7 22. 5 99.8 
272651-3_ C 48-120 .8 2.7 1.4 8.0 11.6 38.6 37. 7 100.8 

3 Analyzed by A. A. White. 

Shelbyville soils are shown on the map as Lowell. They occur in central 

Kentucky. One set of profile samples has been analyzed, the results being shown in 

Table 53. The C horizon was not reached in sampling. These soils are derived from 

shaly limestones. The Podzolic profile is not well developed. The percentage of 

phosphoric acid is high, and in future work these soils may be identified as Maury, 

this being the name given to soils developing a Gray-Brown Podzolic profile from 

limestone beds containing high phosphate, in which the phosphates have not been 

leached to a low percentage. 

Table 53.—Composition of Shelbyville silt loam, Shelbyville, Ky.1 

extremes being a little more than 1 per cent, but in none of the other constituents is 

it so large. 
Table 55.—Composition of Brookston clay loam, Greensburg, Ind.1 

Sample No. Depth 

Chemical2 

Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P2Os SOs 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

28523 _ 

28524 _ 

28525 __ 

Inches 

0-10 

11-30 

31-40 

P. ct. 
/“70. 08 
\675. 48 
(“73. 92 
1*76. 26 
(“72. 56 
\*74. 81 

P. ct. 
0.71 
.76 
.40 
.41 
.61 
.63 

P. ct. 
4. 05 
4.31 
4.31 
4. 45 
4. 77 
4. 92 

P. ct. 
12.01 
12. 93 
12.28 
12. 66 
12. 88 
13. 28 

P. ct. 
0. 06 
.06 
.09 
.09 
.12 
.12 

P. ct. 
1.24 
1. 34 
1.32 
1.36 
1.23 
1.27 

P. ct. 
0.81 
.87 

1. M 
1.04 
1.05 
1.08 

P.ct. 
1.99 
2.14 
2.25 
2. 32 
2.25 
2. 32 

P.ct. 
1. 17 
1.26 
1.11 
1.15 
1.05 
1.08 

P. ct. 
0. 47 
.51 
. 15 
.15 
.28 
.29 

P.ct. 
0.29 
.31 
.11 
.11 
. 16 
.16 

P. ct. 
7.12 

3.22" 

"3."ok 

P ct. 
99. 99 
99. 97 

100.17 
100. 00 
99.99 
99. 96 

P. ct. 
0. 240 

"V696" 

""."O8O" 

P. ct. 

Sample No. Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

28523 _ 
28524 _ 
28525 _ 

Inches 
0-10 

11-30 
31-40 

Per cent 
0.8 
.6 
.3 

Per cent 
2.3 
1.8 
1.2 

Per cent 
3.6 
3.0 
2.2 

Per cent 
7.6 
6.3 
4.8 

Per cent 
6.2 
5.6 
4.4 

Per cent 
50.0 
44.3 
44.5 

Per cent 
29.4 
38.4 
42.5 

Per cent 
99.9 

100.0 
99.9 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe203 AI2O3 MnO CaO MgO K20 Na20 P2Os SOs 
Ig¬ 

nition 
loss 

Total N 

co2 

from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 
(“76. 22 1.05 4. 39 8. 85 0.37 0.94 0. 57 1.58 0. 58 0.46 0.11 5.41 100. 53 0.170 
\*80. 58 1. 11 4. 64 9. 36 .39 .99 .60 1.67 .61 .49 . 12 100. 56 
/»74. 61 1. 20 5. 62 10. 33 .27 .00 .74 1.73 .57 .50 .08 4.21 100. 46 .080 

dyiuuo_ Bi 
1*77. 90 1. 25 5. 87 10. 79 .28 .63 .77 1.81 .60 .52 .08 100. 42 
(“71. 07 1.09 6. 47 11.83 .32 .82 .77 1.73 .50 .77 .07 5.04 100. 48 .080 

i>2 \*74. 88 1.11 6. 79 12. 46 .34 .86 .81 1.82 .53 .81 .07 — 100. 46 — — 

Mechanical3 

1 Collected by C. F. Marbut. 
2 Analyzed in the division of soil chemistry, Bureau of Soils, Mar. 20, 1920. 
3 Analyzed by L. T. Alexander. 

Brookston soils occur in exactly the same situations as Clyde, in depressions on 

the plain of ground moraine of the Miami region and in the prairies. They are 

somewhat lighter in color than the Clyde soils. 

Clermont soils have developed on flat areas under the influence of alternating 

wet and dry conditions. The chemical and mechanical composition of samples 

from a profile at Millhousen, Ind., are shown in Table 56. The first layer, covering 

a thickness of half an inch only, is mainly leaf mold. 

Table 56.—Composition of Clermont silt loam, Millhousen, Decatur County, Ind.1 

391007. 
391008. 
391009. 

Sample No. 
Hori¬ 
zon 

Depth 
Fine 

gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
A 0-6 0.1 1.5 
Bi 6-22 .2 1.4 
B2 22-36 .2 2.1 

1.4 
1.0 
1.0 

2.2 
1.6 
2.0 

6. 4 74. 4 
4. 2 66. 9 
4. 0 60. 7 

14.1 
24. 7 
30.0 

100.1 
100.0 
100.0 

1 Collected by C. Van Duyne. 
2 Analyzed by R. S. Holmes and G. Edgington. 
3 Analyzed by J. W. Bomboy. 

COMPOSITION OF CLYDE, BROOKSTON, AND CLERMONT SOILS 

All these soils have developed under the influence of excessive moisture and all 

from calcareous glacial till. They all occur in the Miami region though the Clyde 

soils extend beyond it. The chemical and mechanical composition of material from 

a Clyde profile in Wells County, Ind., are shown in Table 54. 

Table 54.—Composition of Clyde silty clay loam, Wells County, Ind.1 

Sample No. Depth 

Chemical2 

Si02 Ti02 Fe20s A1203 MnO CaO MgO K20 Na20 p205 SO3 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P.ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. 

0- 6 
(“62. 85 0. 69 4. 79 14. 12 0. 04 1.28 1.28 2. 79 0. 50 0.41 0. 27 10. 98 100. 00 0.310 

282207 _ _ \*70. 60 .78 5.41 15. 86 .05 1.44 1. 44 3. 14 .56 .46 .30 100. 04 

282208_ 
n ^ n (“65. 88 .71 5. 40 14.42 .05 1.59 1. 53 2. 68 .71 .33 .21 6. 49 100. 00 . 150 

\ b70. 43 .76 5. 78 15. 42 .05 1. 70 1. 64 2. 87 .76 .35 . 22 99. 98 

282209_ 
^ n 0/> (“67. 20 .71 5.33 14. 51 .06 1.39 1. 69 2.77 .54 .25 .20 5. 35 100.00 .090 

(<>70. 99 .75 5. 63 15. 33 .06 1.47 1.79 2.93 .57 .26 .21 — 99.99 — — 

Sample No. Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
282207_ 0- 6 0.6 2.0 1.8 9.4 8.9 46.0 31. 3 100.0 
282208_ 6-16 .8 2.2 2.0 8.6 8.0 43.8 34.6 100.0 
282209_ 16-36 1.0 2.8 2.0 8.4 7.0 47.7 31.0 99.9 

1 Collected by W. E. Tharp. 
2 Analyzed in the division of soil chemistry, Bureau of Soils, June 19, 1917. 
3 Analyzed by J. W. Bomboy. 

The striking fact is the uniformity of the material to a depth of at least 36 inches. 

The range of all important constituents throughout the profile, including alkalies 

and alkaline earths, is about one-half of 1 per cent. There is no accumulation of 

alkalies or alkaline earths in a thin surface horizon like that in the well-drained soils 

where organic matter is accumulated, since the layer of organic matter in Clyde is 

thick. The downward percolation of water and consequent leaching of layers below 

the layer of organic matter in the normal well-drained soils has not taken place in the 

Clyde, but on the other hand there has been at least an opportunity for enrichment 

in bases by mineral material, both in solution and suspension, washed in from sur¬ 

rounding areas. 

The chemical and mechanical composition of material from a profile of Brookston 

clay loam, Greensburg, Ind., are shown in Table 55. They show the same relative 

composition of the several horizons as in the Clyde, the range of silica change between 

Chemical2 

Sample No. 

28530. 

28531 

28532. 

28533. 

Depth 

Inches 

o-y2 
y-30 

30-40 

40-42 

Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P205 SO3 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 

(“73.12 0. 60 1. 82 3. 29 0.24 1. 19 0. 35 1.23 0.63 0. 09 0. 20 16. 56 99.12 0. 560 

1*87. 61 .72 2.18 3.94 .29 1. 43 .42 1.47 .75 .11 .24 99. 16 __ _ 
(“85. 55 .93 1. 59 7.38 .06 .43 1.12 1.12 .92 .10 .12 1.60 100. 92 .060 

\*86. 90 .94 1. 62 7. 50 .06 .44 1. 14 1.14 .93 .10 .12 _ 100. 89 _ _ 
(“82. 66 .98 2.83 8.28 .04 .44 .48 1.20 .93 .13 .14 2.09 100. 20 .040 

1*84. 42 1.00 2. 89 8. 46 .04 .45 .49 1.23 .95 .13 .14 _ 100. 20 _ _ 

(“76. 82 .77 6. 52 9. 01 . 11 .40 .51 1.45 1. 69 .39 . 10 2. 66 100. 43 . 050 _ 

1*78.93 .79 6.70 9. 25 . 11 .41 .52 1.49 1.74 .40 . 10 — 100. 39 — — 

Sample No. Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

28530_ 0-V2 0.8 3.2 3.9 6.9 4.5 58.8 21.7 99.8 

28531_ V2-30 1.8 2.3 4.2 6.3 4.7 61.5 19.3 100.1 

28532__ _ 30-40 .9 2. 6 3.4 5.4 4.1 53.8 29.7 99.9 

28533_ 40-42 1.4 4. 5 4.2 6.4 4.6 47.8 31. 1 100.0 

1 Collected by C. F. Marbut. 
2 Analyzed in the division of soil chemistry, Bureau of Soils, Mar. 20, 1920. 
3 Analyzed by L. T. Alexander. 

No podzolic zonation has developed. The lowest layer analyzed is only 3 inches 

thick and is a little heavier than the layers above, but the difference is slight. The 

range in composition of alumina is from 7.50 per cent, in the layer extending from 

one-half inch to 30 inches, within which no differentiation into horizons could be made 

in the field, to 9.25 per cent, a range of only 1.75 per cent. The percentage of iron 

oxide in the 40 to 42 inch layer is high owing to ground water influence. Field evi¬ 

dence showed that it had nothing whatever to do with eluviation and ordinary normal 

podzolic development. 

The eastern part of Ohio, the western part of Pennsylvania, most of West 

Virginia, and the southern part of New York contain soils developed from sandstone 

and shale materials containing a small limestone constituent in places, accumulated 

either by residual decay, glacial deposition, or deposition from water. In detailed 

work these have been differentiated into a rather large number of soil series on the 

basis of the features of the soil profile, these being determined in large part by differ¬ 

ences in drainage, relief, stages of profile development, and details of rock character. 

The soils are mainly immature in stage of profile development. They partake, in 

chemical composition, of the character of the rock, therefore, and since this is pre¬ 

dominantly sandstone or shale, the differences among the several soils will be pre¬ 

sumably small. The limited amount of chemical work done on these soils to date 

has been concerned mainly with maturely developed soils. 

The imperfect development of the profile of the predominant soils of the region is 

due to their occurrence on slopes. Associated with these are a number of soils with¬ 

out normal profile development, owing mainly to the influence of high ground water 

during the period of soil development. 

One of the important groups of mature normally developed soils of this region 

has been given independent status as the Wooster series. 

The chemical and mechanical composition of a sample of the silt loam from 

Wooster, Ohio, are shown in Table 57. 
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Table 57.—Corn-position of Wooster silt loam, Wooster, Wayne County, Ohio 1 

Sample 
No. 

28510._ 

28511._ 

28512.. 

28513._ 

Hori¬ 
zon 

At 

As 

b2 

Depth 

Inches 

0- 2 

2-18 

18-30 

30-36 

Chemical2 

Si02 Ti02 

P. ct. 
/“71.66 
\ <>83. 30 
f«80. 27 
\b82. 74 
/«76.10 
P78. 75 
f»75.47 

l\fc77. 85 

P. ct. 
0. 83 
.96 
.95 
.98 
.98 

1.01 
.85 
.88 

Fe203 

P. ct. 
3.05 
3. 55 
3. 74 
3.85 
5. 52 
5. 71 
6.14 
6. 33 

AI2O3 

P. ct. 
6. 62 
7. 70 
8. 63 
8.89 

10.12 
10. 47 
10.31 
10. 63 

MnO 

P. ct. 
0.17 
.19 
.06 
.06 
.04 
.04 
.09 
.10 

co2 
Igni- 

Total N 
from 

CaO MgO K20 Na20 P205 SOs tion 
loss 

car¬ 
bon- 
ates 

P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. 

0. 89 0. 38 1.59 0.50 0. 27 0.11 13. 98 100. 05 0. 487 

1.03 .44 1.85 .58 .31 .13 _ 100. 04 — — 
.36 .45 1.91 .67 .18 .12 3.00 100. 34 .053 

.37 .46 1. 97 .69 .19 .12 _ 100. 32 _ — 

.32 .75 1. 92 .71 .22 .11 3. 36 100.15 .045 

.33 .78 1.99 .74 .23 .11 __ 100. 16 _ — 

.34 .83 2.15 .95 .21 . 13 3.08 100. 55 .036 — 

.35 .86 2. 22 .98 .22 . 13 ....... 100. 55 ....... 

Mechanical3 

Sample No. 
Hori¬ 
zon 

Depth 
Fine 

gravel 
(diam¬ 

eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1-0.5 

mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

28510 _ _ -_ A! 
Inches 

0- 2 
Per cent 

1.2 
Per cent 

3.1 
Per cent 

1.0 
Per cent 

3.7 
Per cent 

11.8 
22.7 
26.8 
30.0 

Per cent 
62.2 
51.3 
42.1 
35.8 

Per cent 
17.0 
18.3 
19.8 
21.1 

Per cent 
100.0 
100.0 
100.1 
99.9 

28511 _ A2 2-18 1.1 2.4 1.0 3. 2 

28512 ___ - - - Bi 18-30 .9 2.6 1. 5 6. 4 

28513 _ b2 30-36 1.0 3.6 1.4 7. 0 

— 

1 Collected by C. F. Marbut. , „ n , .. inon 
2 Analyzed in the division of soil chemistry, Bureau of Soils, Oct. 13, 19.0. 
3 Analyzed by A. A. White. 

The parent glacial drift was not reached in sampling. The percentage of. clay 
increases progressively downward. The Ai and A2 horizons show clearly the influ¬ 
ence of podzolization on the percentages of both iron oxide and alumina. The per¬ 
centage of CaO in the thin At horizon with its high ignition loss due to the presence 
of organic matter, is high. This is the usual relationship of calcium oxide percentages 
found in the Podzolic soils throughout the eastern part of the United States. 

A few soils from the Pacific northwest, belonging it seems to the Gray-Brown 
Podzolic group, have been sampled and analyzed. They will be discussed in con¬ 
nection with the soils of the region as a whole. 

fall is high, ranging from 30 to nearly 60 inches a year, and the average summer 
temperature ranges from about 75° F. in the eastern part of the region to SO m the 
western part. The average winter temperature ranges from 40° around Chesapeake 

Bay to about 47° in eastern Texas. 
These soils differ from those of the Gray-Brown Podzolic group not only m their 

dominant red or yellow color, but also in a lower percentage of alkalies and alkaline 
earths and of silicate silica, and in a higher percentage, where textures are comparable 
of iron and alumina. They differ from them also in the more thorough eluviation of 
the profiles of Red and Yellow soils and a wider difference of textures between the 
A and B horizons. This is especially true of those soils derived from rocks containing 
a considerable quantity of sand, and such rocks are more abundant in the region of 
Red and Yellow soils than in that of Gray-Brown Podzolic soils. The more thorough 
leaching and eluviation of these soils expresses, in part, the results of a higher ramfa 
and in part the results of prevailingly higher temperatures. As the prevailing tem¬ 
perature is higher than in the Gray-Brown Podzolic region, the same amount of 
percolating water will be more effective in the decomposition of soil minerals and in 
the leaching of the constituents, especially of the bases and silica, than where the 
temperature is lower. The more extensive eluviation, and the much wider occurrence 
of soils derived from sandy material in the Southeastern States become readily explain¬ 
able. The color is an expression of the relatively high temperatures and possibly 
of the effect of long summers, the latter parts of which are dry. 

In general the region may be divided into two parts on the basis of the character 
of the parent material from which the soils are developing. One of these is a region 
of dominant sandy material, the other of heavier materials, although sandy materials 
are not entirely lacking. In geologic age the sandy material is young, the other old. 
The sandy material consists of unconsolidated sands and clays mainly of Tertiary 
age, constituting what is known as the coastal plain. The other differs widely in age 
but is predominantly Paleozoic and older. The older rocks range from crystalline 
gneisses and schists to limestones, shales, and sandstones. The regions with old rocks 
are known as the piedmont plateau and the Appalachian regions. The distribution of 
the different kinds of rocks is shown on the map (pi. 4); that of the group as a whole 
on Plate 2, and that of each of the soil series of the region on the sheets of the soil 
map of the United States, Plate 5, sections 7, 8, 9, and 10. 

RED AND YELLOW SOILS 

The southeastern part of the United States is occupied by a group of soils cover¬ 
ing about the same number of square miles as the Gray-Brown Podzolic soils. They 
are designated here as Red and Yellow soils. The color of the dominant mature soils 

Figure 23.—Young growth of longleaf pine (P. palustris) on Norfolk fine sandy loam, Jackson County, Miss. 

of the region is red or reddish, but yellowish soils cover large areas. These, however, 
seem to differ in color from the dominant soils because of local rather than regional 
conditions, so that the regional profile color is red. It is not yet known, however, 
whether the red color of the soil is permanent or merely an expression of relative 
youth or early maturity. Whatever may be the reason for the red color and whether 
permanent or temporary, the fact is that the most abundant maturely developed soils 
of the region at the present time are red or reddish. The red or reddish soils occupy 
regions where drainage is good and where the water table lies many feet below the 
surface. Yellow soils occur predominantly on smooth relief where ground water 
stands at a depth of a few feet, usually immediately below the solum, or has stood at 
that position until a very recent geological date. Yellow soils also occur locally in 
situations where the ground water lies far below the solum, but such soils are dom¬ 
inantly if not exclusively derived from sandy material, usually sands or loamy sands. 
The dominant Yellow soils throughout the region are sandy but not sands, and there 
are large areas of sandy materials which have developed into reddish and red soils. 
The grouping of the soils into Red and Yellow can not be done entirely on the basis 
of the texture of the parent material. 

Although these soils are designated as red, or reddish, and although that color 
characterizes the greater part of the total thickness of the soil layer, in the fully or 
maturely developed soil the surface layer is invariably yellowish or grayish. Where 
the red color extends to the surface the soil is either immature or the light-colored 
surface horizon has been removed. This has taken place over large areas. 

On the basis of existing knowledge, which is by no means complete and decisive, 
the boundary between the region occupied by the Red and Tellow soils and that occu¬ 
pied by the Gray-Brown Podzolic soils, extends from the mouth of Chesapeake Bay 
westward and south westward through Virginia, across western North Carolina, grad¬ 
ually rising southward into the Blue Ridge in southern North Carolina, thence west¬ 
ward to the valley of east Tennessee, northward along the eastern side of the valley 
to the northern part of the State, westward and southward, as shown on the map, 
into east-central Texas, and southward to the Gulf. The region includes all or parts 
of the Southeastern States, Louisiana, southern Arkansas, and the eastern part of 
Texas. 

This is a region in which the soils have developed under a cover partly of conifers 
and partly of deciduous trees, mainly oak. In the sandy part of the region, pine is 
dominant. In that part where the soil is derived from less sandy material, oak con¬ 
stitutes an important element in the forest vegetation, but pine is present. The rain- 

TIIE YELLOW SOILS 

The Yellow soils are mainly members of the Norfolk and closely related series. 
They constitute the moderately well-drained soils in the coastal plain. They are 
designated on the soil map as Norfolk because the soils of that series are dominant 
and the most nearly normal soils within the region. The Norfolk soils occupy a broad 
belt in the coastal plain extending from the mouth of Chesapeake Bay southward 
and westward into Texas, although they are not dominant west of Georgia. They are 
the dominant soils through the Carolinas, extending into Georgia. Southward in 
Georgia and westward from that State, they become gradually less and less extensive. 
(Fig. 23.) 

The normal profile of the sandy loam, the dominant type, is characterized by a 
thin layer of pine needles with some leaf mold from deciduous trees, underlain by 
about 3 inches of sand stained dark with organic matter. The grains of sand are 
usually gray. The third layer, constituting horizon A2, consists of pale-yellowish 
sand or loamy sand extending to a depth ranging from a foot to several feet, depending 
partly on the texture of the parent material, partly, it seems, on the strength of the 
eluviating forces, and partly on the relief. These two layers constitute the A horizon. 
They are structureless, not even showing the lamination which is so widespread in the 
A horizon of the Gray-Brown Podzolic soils. The A horizon is underlain by yellow 
or faintly reddish yellow friable sandy clay, the B horizon, which is usually entirely 
structureless and extends to a depth of somewhat more than 3 feet. The color is 
uniform and locally may have a reddish shade. This layer is underlain by mottled 
red, yellow, and gray sandy clay. 

RELATION TO SASSAFRAS SOILS 

The Norfolk soils are the dominant soils of the coastal plain south of Chesapeake 
Bay and correspond, therefore, to the Sassafras soils north of the bay. Although they 
lie in a more southern latitude and have developed under a higher temperature than 
the Sassafras soils and theoretically, therefore, should have a higher constituent of 
red in their color than the Sassafras, the relationship is exactly the opposite. The 
Sassafras soils are slightly reddish in the B horizon, the Norfolk soils are less red. 
The reason for this seems to lie entirely in the drainage conditions under which the 
two soils have developed. The Sassafras soils occupy rolling areas. The surface 
of these areas lies, in most places, below the level of the original upland, and is the 
product of erosion, mainly during the existing cycle of topographic development. 
The Sassafras soils, therefore, have good surface drainage because of their relief. 
They are underlain by material lighter in texture than the material of the B horizon 
and also lighter in texture than the material underlying the B horizon of the Norfolk 
soils. Both surface and subsoil drainage of the Sassafras soils are good. 

The Norfolk soils, on the other hand, lie on very smooth areas. They are under¬ 
lain by material heavier than that underlying the solum of the Sassafras soils. Since 
the Norfolk soils lie on smooth or flat areas and presumably on the original upland 
surface not yet completely invaded by the developing streams of the existing drainage 
cycle, it is apparent that ground water lay at the surface only a relatively short time 
ago. On account of the invasion of the region by the present cycle of erosion, ground 
water has been reduced to a level ranging from 3 to 5 feet beneath the surface, and 
since that reduction took place, normal soil development has been in progress. To 
what extent the lack of dehydration is responsible for the yellow color in the Norfolk 
soils, and its presence in the Red soils of the region is responsible for their red color, 
can not yet be determined. The percentage of iron oxide in the colloid of the B 
horizon of the Norfolk soils in North Carolina is about 13.14 That in the same 
horizon of Cecil sandy loam, a Red soil, is about 18.15 The color of the colloid from 
the Norfolk soils is yellow, no change in color having taken place by removal of the 
sand from the material responsible for the color. The difference in the percentage 
of iron oxide in the colloid of the two soils does not seem to be sufficient to 
cause the difference in color. Since it is well known that the red color of iron oxide 
increases as the amount of combined water decreases and since it is also well known 

h See Table 58. 

is See Table 107. 
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that powdered hematite, which contains practically no combined water, is red, whereas 

that of limonite is yellow, it is apparent that the red color may, in this case, be due to 

a lower percentage of hydrated iron oxide in the Red soils rather than to a high total 

percentage of iron oxide. 
An examination of the soil map (pi. 5, secs. 8, 9, and 10) shows that the Norfolk 

soils occupy the central part of the coastal-plain belt. The western part of the belt 

in the Carolinas and in part of Georgia is occupied by sand, and the eastern part 

along the coast and extending inland for a few miles is occupied by other soils, domi¬ 

nantly members of the Coxville series. The central belt of the coastal plain, occupied 

mainly by Norfolk sandy loams, is the best drained part, except that part where 

the parent material consists of sand. That of the sandy loam consists of sand and 

clay. This part of the coastal plain lies higher and presumably has been above sea 

level longer than the low-lying part in which the Coxville soils are dominant. It is 

therefore more thoroughly dissected, but the stage of topographic development is 

only in its early youth. Although areas in which the water table lies at the surface 

are small, areas in which the surface still lies practically at the original construc¬ 

tional level are large, and it is on these areas that the Norfolk soils have developed. 

They have developed, however, because the dissection has been sufficiently thorough 

to reduce the level of ground water to a depth ranging from 3 to 5 feet below the 

surface, leaving a layer free from ground water, thick enough for the development of 

an A and B horizon. 

RELATION OF NORFOLK TO PORTSMOUTH-DUNBAR GROUP 

In the low-lying part of the coastal plain, the Coxville belt, Norfolk soils are 

present, but they have a characteristic distribution. They are confined almost ex¬ 

clusively, in the Carolinas where the typical Norfolk soils occur, to belts along the 

valley borders. The large streams flowing across the coastal plain from the pied¬ 

mont region, as well as the larger streams originating in the coastal plain have cut 

shallow valleys across this lower belt. These valleys range in depth to about 50 feet. 

By means of tributary rivulets, which have worked their way backward from the main 

valleys, a belt lying along the sides of the latter has been dissected sufficiently to 

reduce the ground water level far enough below the surface for the development of a 

normal solum. This relationship is not so well shown on the large map as on the 

detailed maps. The small map (fig. 24) shows this relationship. In this belt of good 

drainage, Norfolk soils have developed. Immediately along the river bluffs in many 

places, reddish soils have developed, but the belt of these soils is very narrow, whereas 

immediately back of them is a belt of Norfolk soils which extends inland as far 

as drainage has reduced the level of ground water low enough for a normal or 

approximately normal solum to have developed. 

Inland from these streams and occupying the still undissected surface of this low 

belt of the coastal plain the soils are poorly drained because the ground water level 

lies at the surface or only a short distance below it. It is evident that in the centers 

of these interstream areas the level of ground water will be highest and it will decrease 

gradually toward the streams. The center of the areas where the ground water 

still lies at the surface is occupied by dark-colored soils or by organic accumulations. 

The former are members of the Portsmouth series occurring in similar situations not 

only in the Norfolk region but in the Sassafras region as well. Since they consist of 

poorly drained soils, not yet having begun normal development, it has not been 

considered necessary to separate those in the region of Gray-Brown Podzolic soils 

from those in the Red and Yellow soils region. 
Between the dark-colored soils in the centers of the undrained areas and the 

Norfolk soils in the valley-border belts are belts in which the water table lies slightly 

below the surface but still too high for the development of a normal soil profile. It 

is not high enough to prevent decay of organic matter and the soils are not dark in 

color. They are poorly drained from a very few inches below the surface downward, 

this being shown by their uneven color which is mottled red, gray, or brown. These 

are soils shown on the soil map (pi. 5, secs. 8 and 9) as members of the Coxville 

series. In detailed mapping a series intermediate between the Norfolk and Coxville 

soils, in which normal development has extended to a depth of somewhat more 

than a foot, is differentiated. A well-defined A horizon has been developed and an 

imperfect thin B horizon. In detailed mapping such soils are differentiated as 

members of the Dunbar sei’ies and correspond to the Keyport soils in the Sassafras 

belt of the Gray-Brown Podzolic region. 

THE SAND-HILL NORFOLK 

Along the inner border of the coastal plain is a belt of sand. This is shown 

merely as Sand on the soil map, but in detailed mapping it is mapped as Norfolk 

sand. The color profile is very similar to the Norfolk profile so far as the solum is 

concerned. The C horizon, or the material beneath the solum, is different from the 

corresponding horizon in the normal Norfolk. The surface layer, beneath a very 

thin cover of partly decomposed pine needles and oak leaves, is gray sand with a 

slight staining of organic matter at the top. This is underlain by pale-yellow sand 

ranging up to a foot or two in thickness and this, in turn by yellow sand, ffhe 

yellow color is somewhat paler than that in the B horizon of the Norfolk sandy 

loam, and the texture is no heavier than sand. However, there is enough fine ma¬ 

terial in this layer, the B horizon, to give it a slightly loamy feel. The C horizon 

is mottled also, but the mottling seems to be different from that under the sandy 

loams. It consists of bright red, gray, and yellow spots. The distribution of the 

several colors is highly significant. The gray and yellow spots and streaks are 

confined to cracks and root channels or other openings, such as insect borings. It 

is evident from their location that the gray or yellow spots and streaks are due to the 

removal of iron oxide, and the red-colored spots, between cracks and other openings, 

are present where the iron has become thoroughly oxidized because of good drainage 

and where it has not been removed through leaching. It is noted that leaching has 

here extended well below the B horizon giving this sandy Norfolk soil a profile in 

which the C horizon is dif¬ 

ferent from that of the 

normal sandy loam. 

THE TIFTON SOILS 

A large area of Tifton 

soils lies in the southern 

part of Georgia, mainly on 

the watersheds between the 

streams flowing eastward 

into the Atlantic and those 

flowing southward or slight¬ 

ly southwestward into the 

Gulf. These soils have 

been differentiated, in de¬ 

tailed mapping, from the 

Norfolk because of the 

occurrence in the soil pro¬ 

file of a large amount of 

clay ironstone fragments, 

weathered roundish, having 

the appearance of ironstone 

concretions. (Fig. 25.) It 

is apparent that they are 

not concretions in most 

cases but are fragments, im¬ 

perfectly rounded through 

weathering, of ironstone 

plates. These developed 

in the upper part of the C 

horizon and, as the original 

level of the country was 

slowly reduced by sheet erosion, the soil profile developed downward at about the 

same rate as the surface level was lowered by erosion. The horizons of the solum 

have invaded the level at which the ironstone plates developed. After this has taken 

place the plates and their fragments constitute part of the A and B horizons. In 

becoming incorporated in these horizons they are broken into fragments and weather 

into roundish bodies. 

The Tifton soils occur on smooth uplands in situations where the erosion of the 

existing cycle of topographic development has not been active but where it has been 

sufficient to produce a gently undulating surface lying slightly below the original 

upland level. They do not lie, therefore, in situations exactly comparable to those 

of the Norfolk soils, since the latter lie on surfaces that have not yet been reduced 

below the original constructional surface level. 

In profile characteristics, such as color, texture, and structure as well as in the 

relative thicknesses of the A and B horizons, these soils are very similar to the Norfolk 

soils. The A horizon of the Tifton soils is a little stronger in color than the A of the 

Norfolk, presumably because of the presence of more or less powdered material from 

the ironstone fragments, and the B horizon is faintly brownish with a very slight 

suggestion of reddish color. It has also a faint yellowish-green shade, whereas the 

Norfolk B horizon is purer yellow. The C horizon of the Tifton soils is much like 

that of the Norfolk soils, but in the Norfolk soils the spots where the iron oxide has 

accumulated are not yet indurated, whereas in such spots in the Tifton soils they 

have been indurated. This is interpreted as an indication of the better drainage 

that has very recently been developed in the Tifton soils due to the lowering of the 

ground water level by erosion. It is apparent that the color of the B horizon of the 

Tifton soils is partly due also to the fine material resulting from the disintegration of 

the ironstone fragments. These being mainly limonitic, the color is necessarily 

yellowish. 

Associated with the Tifton soils in south-central Georgia, considerable areas 

have been mapped as Norfolk soils. (Fig. 26.) These lie on rolling relief and at 

lower levels, measured in relation to the level of the original constructional surface, 

than the Norfolk soils in the Carolinas. They lie in situations where the original 

surface has been eroded sufficiently to have reduced its level somewhat, and the 

.Figure 25.—Profile of Tifton sandy loam, 'Tift County, Oa. 
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Norfolk soils have developed from material exposed by this erosion and therefore 

on material exposed by the erosion of the existing cycle. These soils have developed, 

therefore, from recently exposed material and are in a sense younger than are the 

Norfolk soils of the Carolinas. The C horizon also is not water-logged to the extent 

that is true of the C horizon of the true Norfolk soil of the Carolinas.16 

LEON AND NORFOLK SANDS OF FLORIDA 

The lower part of the coastal plain, which extends from Chesapeake Ray south¬ 

ward along the coast, expands in southeastern Georgia to a width of nearly 100 miles. 

The soils in this area, as shown on the soil map, consist mainly of members of the 

Leon series and organic soils, such as muck and peat. Small areas of sand occur here 

and there within this area, also smaller areas of Portsmouth soils, together with soils 

of a few other series, such as Plummer. Like the Coxville soils in a similar belt in 

the Carolinas, these soils are all poorly drained. 

The Leon soils have a characteristic profile, however, consisting of a moderately 

dark-colored surface horizon extending to a depth of 3 or 4 inches and underlain by 

white sand which, in turn, is underlain at a depth of about a foot by an indurated 

dark-brown or coffee-brown horizon consisting of sand cemented mainly with organic 

matter containing very little iron oxide. In many places, the cementing material is 

organic matter entirely. This layer, in turn, is underlain by gray or white sand. 

This profile, in its general morphologic features, is essentially identical with the 

Podzol profile where developed in sand. The Leon soils, however, have developed 

under the influence of high ground water, the surface of which stands, during a large 

part of the year, a short distance below the surface. The layer of accumulated 

organic matter seems to mark this level. These soils lie in practically flat areas. 

They cover large areas in Florida along both the east and west coasts, extending 

almost to the extreme southern end of the peninsula, and they extend northward 

along the lower part of the coastal plain to North Carolina. The Lakewood soils 

in New Jersey have a somewhat similar profile, but they are true Podzols, having 

developed on rolling sand 

areas where ground water 

lies several feet beneath 

the surface. 

On the soil map the 

central part of the Florida 

peninsula is mapped as 

Sand. In detailed mapping 

this sand is mapped as Nor¬ 

folk sand or Norfolk fine 

sand, just as the sand-hill 

region of the Carolinas is 

mapped. In a large part 

of this central Florida belt, 

which consists of a low 

ridge, the Sand is underlain 

at a depth ranging from 10 

to 20 feet by impure lime¬ 

stones, the sands seemingly 

having accumulated through 

the decomposition of these 

limestones and the removal 

from the decomposed prod¬ 

uct of the material finer than 

sand. The sands, therefore, 

seem to be residual. The 

soil profile is essentially like 

the profile of the sand-hill 

Norfolk region in the Car¬ 

olinas to a depth of 6 or 8 

feet, but below that it con¬ 

sists mainly of grayish sand 

rather than the mottled red, gray, and yellow sand beneath the solum of the sand-hill 

soils.17 There seems to be also more clay in the deep C horizon of the sand hills than 

in this sandy belt of central Florida. In both regions the sandy soils are covered by 

scrub oak, together with some longleaf pine. Small areas of soils heavier than sand 

occur in this ridge belt of Florida, being shown on the map as Fellowship soils. 

Flanking the main sand ridge in Florida, especially on the west, are areas of 

Sand differentiated partly because they are underlain, in places at least, by marls. 

Some of these sand areas also occur along the east coast, occupying an almost con¬ 

tinuous belt from Jupiter Inlet northward to Jacksonville. This belt includes some 

areas of heavier highly calcareous soils which are used for the production of truck 

crops. In the extreme southern part of the peninsula is an area mapped as Rockdale 

soils which consist of a very thin layer of reddish soil overlying limestone rock. 

This is flanked on the west by a large area mapped as Parkwood soils consisting of 

highly calcareous clay or marl with a thin soil cover. In addition to these soils there 

are large areas of organic soils consisting of peat and muck scattered well over the 

State, mainly in the Leon area but occurring also in the sand belt. The largest area 

consists of the region known as the Everglades in the southern part of the State. 

RED SOILS OF THE COASTAL PLAIN 

The sand belt of the sand hills of the Carolinas extends into Georgia, but the 

belt in the latter State is much narrower than in the Carolinas. It continues across 

Georgia in a practically continuous belt and extends well into Alabama lying, as in 

the Carolinas, along the inner coastal-plain boundary. The map shows a broad 

belt of Orangeburg soils immediately south of this sandy belt in Georgia. It begins 

near the east side of the State and extends southwestward across the State parallel to 

the inner boundary of the coastal plain nearly to the western boundary where it turns 

southward as a continuous belt almost to the southern boundary. South of this, it 

occurs in smaller areas in southern Georgia and northern Florida. These are Red soils, 

either red from the surface downward or red in the B horizon only. They are mainly 

sandy loams but include some clay loams, those that are red or reddish from the 

surface downward consisting mainly of the heavy-textured types. The A horizon 

is essentially identical in color, texture, and structure, as well as in chemical composi¬ 

tion, with the Norfolk soils. The B horizon, however, is bright-red sandy clay, 

very friable but practically structureless as in the Norfolk soils. In lack of structure, 

as well as in friability, these soils are identical with the Norfolk soils but differ greatly 

from the latter in color. Those soils which are red from the surface downward, 

being predominantly heavy in texture, are well differentiated in the normal A and B 

horizons. There is, therefore, usually a reddish A horizon and a deeper red B horizon. 

The reddish color in both soils extends down to a considerable depth, in some places 

more than 10 feet. 

The Orangeburg soils have developed from impure limestones, and it is apparent 

that their red color is due mainly to this. In the southern part of the United States, 

as well as in the Mediterranean region of southern Europe, limestone materials, 

especially where the limestones do not contain a high percentage of clay, but may 

contain a considerable percentage of sand, develop into red or reddish soils. It is 

apparent that the red color will develop more fully in a far southern latitude from a 

limestone containing a higher percentage of clay than farther northward. 

This belt of Orangeburg soils constitutes that part of the coastal plain of Georgia 

which was cultivated before the Civil War. The soils are somewhat more productive 

than the Norfolk or Tifton soils. They were covered by a mixed forest of oak and pine. 

The relief is either rolling, and therefore somewhat stronger than the relief on which 

the Tifton soils lie, or is gently rolling to undulating, having been made so through the 

attainment of base-level conditions in the region by the existing cycle of erosion. 

Orangeburg soils continue westward into Alabama and occur in small areas in 

Mississippi. In southeastern Alabama, it is apparent that much of the soil shown on 

the map as Orangeburg is true Orangeburg, having been developed from limestone 

material, but in Mississippi, except in the central-eastern and northeastern parts, 

most of the soils shown on detailed maps as Orangeburg, are not true Orangeburg, but 

are merely sandy soils derived from sandy clays, usually underlain by sand, of the 

same character as the material from which the other associated sandy soils have 

developed 17a. Associated with the Orangeburg soils in southern Alabama are large 

areas of Norfolk, with considerable areas of Ruston and Susquehanna, and small 

areas of Tifton soils. 

The Ruston soils are reddish Norfolk soils. By this is meant that they have 

developed from unconsolidated sand and clay material identical in character with 

that from which the Norfolk soils have developed, but have developed in areas 

where the relief is stronger because of more thorough dissection by the existing cycle 

of erosion, where the ground water level stands well below the surface, where the 

drainage for a long time has been good, and where oxidation has been sufficient to 

give to these soils a reddish color in the B horizon. The A horizon, however, is es¬ 

sentially identical in character with the A horizon of the Norfolk soils. These soils 

are eluviated essentially the same as the Norfolk soils, the A horizon consisting 

mainly of pale-yellow sand or loamy sand, with the usual dark-colored surface layer 

of the virgin soil. The B horizon consists of reddish-brown sandy clay and the C 

horizon of sand and clay material, usually reddish yellow but without the mottling 

characteristic of the corresponding horizon of the Norfolk soils. Ironstone plates like 

those underlying the Tifton soils are not universally present, such mottling as is 

present in the C horizon of the Ruston soils being due apparently to incomplete oxida¬ 

tion rather than to the presence of ground water. The Ruston soils, therefore, must 

be considered more nearly the true normal soils of the region in which they occur 

than either the Tifton or Norfolk soils. In stage of development they belong with 

the Orangeburg soils, both having reached their normal stage of profile development. 

The Orangeburg soils have developed from limestone materials, the Ruston soils 

from sand and clay. 

The Ruston soils occur in the southwestern part of Alabama, the area consisting of 

an extension eastward of a large area of these soils in southern Mississippi. Another 

belt of Ruston soils occurs along the coastal-plain border in northern Alabama. 

These soils have developed on strongly rolling and hilly relief from relatively coarse, in 

many places gravelly, coastal-plain material, and correspond to a greater or less extent 

to the sand-hill Norfolk soils of the Carolinas and Georgia. This belt may be consid¬ 

ered as an extension of the sand-hill belt. The soil material, however, either contains 

a higher percentage of clay than that in the sand-hill belt or eluviation has not 

extended to so great extent as to produce such a thick layer of sand as seems to have 

been developed in the sand-hill belt. 

HOUSTON, OKTIBBEHA, AND SUSQUEHANNA SOILS 

Between the northern Ruston belt and the southern belt of Orangeburg, Norfolk, 

Tifton, and Ruston soils in Alabama lies a broad belt which may be designated as the 

clay belt. It is also a belt of low relief, compared with that of the Ruston belt to the 

north or of the Orangeburg-Norfolk belt to the south. It is a lowland belt for the same 

reason that the Orangeburg belt in western Georgia is a lowland belt, having been 

reduced to a lowland of smooth relief during the progress of the existing topographic 

cycle. It is underlain by a series of clays and marls, the latter often designated as 

rotten limestone. The marls consist of very fine grained limy clays containing 25 

per cent or more of calcium carbonate. The clay beds associated with the marl con¬ 

tain, usually, more or less calcium carbonate but always less than that in the marl. 

The soils of the marl beds are shown on the map as members of the Houston series. 

The characteristic Houston soils are black, with a profile imperfectly developed in all 

respects except color. The color profile, however, is not the normal profile of the region. 

It is, so to speak, a temporary profile having been controlled in its development by 

the very strong influence of the high percentage of calcium carbonate in the marly 

parent material. Because of the high percentage of calcium carbonate in this material 

and its disintegration to clay before the leaching out of the excessive calcium carbon¬ 

ate, these soils have not been good forest soils. The natural vegetation on this part 

of the clay belt, therefore, was grass or grass with scattered trees. The grass accumu¬ 

lated considerable organic matter and because of the high content of calcium carbon¬ 

ate and the heavy texture of the soil material, from which the calcium was removed 

very slowly, the organic colloids were fixed, through saturation by the calcium, and 

16 It may be stated here that in the future these soils, because of the different histories through which they have passed, may be differentiated from the Norfolk of the Carolinas. It may also be found that they have characteristics differin'* from the true Norfolk 
soils, in accordance with their different history of development. 

17 Reference is made here to the yellow, gray, and red sand lying beneath the solum in the sand hills and not to the mottled sandy clay underlying the sands at considerable depth. 
17a Since these paragraphs were written the soils with an Orangeburg solum have been separated into two series—the Orangeburg soils developed from sand materials and the Magnolia soils developed from impure limestones. 

Figure 26.—Profile of Norfolk fine sandy loam, Wayne County, Ga. 
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were not removed from the soil by solution. The resulting accumulation of organic 

matter up to a relatively high percentage gave the soil its dark color. The surface 

layer is underlain by the unmodified marl or the marl that is slightly decomposed 

and more or less leached. 
In Alabama, however, the Houston soils are rarely black. This is a result of 

the activity of soil erosion which removes the soil almost as rapidly as it develops 

from decomposition of the marl. In small areas only has the soil remained undis¬ 

turbed long enough to accumulate sufficient organic matter to give it a dark color. 

In large areas the soil consists essentially of the unweathered marl. In detailed 

mapping such soils are mapped either as members of the Sumter series or as Houston 

Figure 27.—Degraded liendzina. Kedsoil (Oktibbeha clay), overlying calcareous marl, near Union Springs, Bullock County, Ala. 

clay, and the soil that has reached a more advanced stage of development and is 

black, is mapped as Houston black clay. Houston black clay occurs in Mississippi 

along the extension of the Alabama belt into northeastern Mississippi. 

The soils developed from the clays underlying the clay belt have attained a more 

normal stage of development than those developed from the marl. These are differ¬ 

entiated on the map into two soil series, the Oktibbeha and the Susquehanna. These 

soils lie mainly south of the Houston belt. The Oktibbeha soils seem to have de¬ 

veloped from somewhat calcareous clays, whereas the Susquehanna soils have devel¬ 

oped from clays very slightly calcareous or noncalcaeous. In both cases these soils 

are heavy in texture. In the Oktibbeha soils the profile is rather well developed 

(fie. 27) consisting of a light-colored silty A horizon and a red or reddish heavy 
crumbly clay B horizon. The 

clay of the B horizon breaks into 

angular fragments very similar in 

character to the fragments into 

which the B horizon of the domi¬ 

nant Gray-Brown Podzolic soils 

break. The Oktibbeha soils may 

be considered the normally devel¬ 

oped soils from this heavy mate¬ 

rial. The carbonates contained 

in the parent materials, where 

such were present, have been 

leached entirely from the solum 

and from a thin layer beneath 

the solum constituting the upper 

part of the C horizon. 

The Susquehanna soils occupy 

large areas in Alabama, Mississip¬ 

pi, Louisiana, and Texas. They 

have been mapped in the coastal 

plain as far north as Maryland 

(fig. 28), but true Susquehanna 

soils, similar to those in Alabama 

and Mississippi do not occur in 

Maryland. In Texas the Susque¬ 

hanna profile is somewhat differ¬ 

ent (figs. 29, 30, and 31), as will 

be shown later, from that in Ala¬ 

bama and Mississippi. In the 

latter States it has, where the soil 

has developed from clay material, 

a very thin A horizon usually 

yellowish in color with the usual 

thin layer of dark-colored mate¬ 

rial at the surface. In some 

places the A horizon is no thicker 

than the dark-colored layer. It 

is underlain by the parent rock clays or somewhat sandy clays, essentially 

unweathered. There may be, in places, a thin layer of weathered clay immediately 

under the A horizon simulating, to that extent, a B horizon, especially if the 

parent material contains some sand or fine sand, but in the Susquehanna clay- 

derived from clays containing practically no sand no B horizon is present. I ie 

horizon consists of the plastic, tough, structureless, and unweathered parent-rock or 

heavy sandy clays, mottled red, yellow, and gray. The Susquehanna clay shown 

on the map throughout Mississippi and Alabama is essentially of this character. It 

will be noted, however, that the Susquehanna soils on the soil map (pi. 5, secs. 6, 7,8, 

10 and 11) are differentiated into the heavy or clay soil and the sandy soil, ihe 

sandy soil, occurring mainly in Louisiana and Texas, has a somewhat better developed 

profile than the clay. This is especially the case with regard to the A horizon which 

is normally developed and essentially identical with the A horizon of the Noifolk, 

Tifton, and Orangeburg soils. Beneath the A horizon, however, no B horizon has 

Figure 29.—Profile of Susquehanna sandy loam, Milam County, Tex. 

developed in Alabama and Mississippi, the A horizon being immediately underlain 

by the parent material, essentially identical in its characteristics with the parent 

material of the clay, except that it contains a somewhat higher percentage of sand. 

In Louisiana and Texas a thin B horizon has developed. 

Figure 30.' 
-Profile of Susquehanna sandy loam, Milam County, Tex., showing sandy A horizon, heavy Clay a norizon, 

undulating line of demarcation between A and B horizons. 

and 

RUSTON, CADDO, AND CROWLEY SOILS WEST OF THE MISSISSIPPI 

The typical Ruston region is southeastern Mississippi just as the typical Norfolk 

region is the central belt of the coastal plain in the Carolmas. Small areas of Orange¬ 

burg and Susquehanna soils occur associated with the Ruston in this part oi Mis¬ 

sissippi. Along the coast in the southeastern part of the State is a belt of soils shown 

Figure 31,-Profile of Susquehanna fine sandy loam, Milam County, Tex., showing penetration of tree roots. 

on the map as members of the Norfolk series. These lie along the coast in situations 

where drainage development has lowered the level of ground water to a depth of 

3 or 4 feet from the surface. This has taken place recently, and a profile similar to 

that of the true Norfolk has developed from the sandy material. Small areas 

mapped Caddo occur in a few places in southern Mississippi. These soils have a 
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profile, or an A and B horizon, very similar to that of the Norfolk. The lower part 

of the B horizon, however, contains spots of gray and brown, changing downward to 

a slightly indurated horizon similar to that underlying the B horizon of the Leonard- 

town soils in the coastal plain of Maryland. These soils were developed under im¬ 

perfect drainage and may be considered as Norfolk soils with an indurated upper C 

or lower B horizon. 
West of the areas of Caddo soils and northwest of Lake Ponchartrain is a belt 

mapped as Crowley soils. These also are soils without normally developed profiles, 

in which the A horizon is somewhat like the A horizon of the Norfolk soils but less 

sandy. It is usually silty in texture and yellowish rather than gray like the 

Norfolk, the gray color in the latter being caused partly by the light color of cpiartz 

sand. 

The A horizon in the Crowley soils is underlain by a heavy plastic tough clay, 

very hard when dry, which breaks into angular, sometimes cubical, blocks ranging 

up to an inch in diameter, these breaking further into very small angular particles. 

The outsides of many of these particles are reddish but may be brown or dark brown. 

No analyses have been made of these soils to determine whether the brown color is 

due to organic matter or to iron oxide. The same soils occur in rather large areas 

west of the Mississippi River in eastern Arkansas, and in small areas in southern 

Texas. When wet the heavy clay layer swells and becomes essentially impervious 

to moisture. Because of this characteristic these soils have been used extensively 

for the production of rice, the heavy clay layer preventing the loss through perco¬ 

lation of the water with which the crop is flooded. The heavy layer is underlain 

by mottled clay, usually rather heavy, and this in turn by sandy material. Eastern 

Arkansas may be considered as the typical area in which the Crowley soils occur. 

The belt as shown on the map includes other soils which are differentiated in detailed 

mapping, but because of their similarity they are included with the Crowley soils 

on the soil map in this Atlas. 

MEMPHIS AND GRENADA SOILS 

Memphis and Grenada soils extend along the Mississippi River bluffs and east¬ 

ward over the uplands of Mississippi (fig. 32), Tennessee, and Kentucky in a belt 

Figure 32.—Beech forest on Memphis silt loam, Yazoo County, Miss. 

more than 50 miles wide extending from the mouth of the Ohio River to the lowlands 

along the Gulf. These soils have developed from silty material identified by geolo¬ 

gists as loess. The loess layer is thick along the river bluffs and thins eastward. 

Along the river bluffs the relief is hilly, having been produced by complete dissection 

by small streams and ravines working backward from the Mississippi flood plain, 

whereas eastward the dissection is less complete, especially in Mississippi. In western 

Tennessee and Kentucky, however, dissection is more thorough, but even in these 

States the eastern part of the belt is not so thoroughly dissected as is a narrow belt 

along the bluffs. 

The loess is calcareous. In the very hilly valley bluff belt erosion keeps the 

surface down almost to the unleached material. This very young soil as well as the 

associated normally developed soil are shown on the map as Memphis. Where the 

normal profile has attained a moderately well developed state it has a yellowish A 

horizon with a 3-inch layer of dark-colored silty material at the top. The A horizon 

is underlain by a heavier reddish-yellow B horizon in which the material breaks 

into angular particles very similar to that in the B horizon of the Miami soils. The 

surfaces of the particles in the B horizon have a stronger color than the interiors, 

the latter being more yellow, while the former are slightly reddish. 

The B horizon in its normal development is similar to the B horizon of the Cin¬ 

cinnati and Clinton soils of the Gray-Brown Podzolic region, but it is somewhat 

reddish. It is underlain by a C horizon from which the calcium carbonate has been 

removed by leaching to a depth of 10 feet or more, and this, in turn, is underlain by 

the unleached loess. Because the relief of the whole belt in western Kentucky and 

Tennessee is rolling, somewhat like the bluff belt in Mississippi, the belt consists 

entirely of Memphis soils in these States, though in detailed mapping other soils are 

identified. 

Eastward from the belt of Memphis silt loam the loess belt becomes smooth. 

Because of the slow erosion in this belt, the soil material lies in place without dis¬ 

turbance longer than in the Memphis belt. Ground water for a considerable part 

of the year is rather high also. This belt is occupied by Grenada soils. (Fig. 33.) 

The Grenada silt loam has a profile almost identical in character, so far as consistence 

is concerned, with that of the Leonardtown silt loam. It consists of a normal A 

horizon, a normal B horizon, both similar to corresponding horizons o the - temp is, 

where the latter have developed, but the lower part of the B horizon becomes mo < ec 

with gray spots which at slightly greater depth grade into an indurated horizon 

similar to that of the Leonardtown soils in Maryland and of the Caddo in A ississippi. 

It is not indurated to so great an extent as is the corresponding horizon m the 

Leonardtown soils. 
The Memphis and Grenada soils are not sandy, and to that extent are not true 

members of the coastal-plain soils. They differ also from the latter in being derive 

from calcareous material, this presumably being calcareous because of having its 

source in Mississippi River alluvium which has been derived, to a, very great extent, 

from northern and western soils. The western soils on the Great Plains contain soi 

carbonate and in most cases the parent rock also is calcareous. In the northern soils 

the parent materials, though not the soils, are generally calcareous. 

Memphis silt loam, where the profile lias developed at all, and Grenada silt loam 

have assumed, however, in the characteristics of their profiles, the characteristics of 

the southern soils rather than the northern. The corresponding northern soils de¬ 

rived from what seems to have been identical material, occurring along the Missouii 

River in Nebraska and adjoining States, are entirely different and have been given 

independent status as members of the Knox and Marshall series. 

SOILS OF THE EAST-TEXAS PINE BELT 

The typical east-Texas country, with dominant Susquehanna soils, lies north of 

the belt of coastal prairies. The dominant Susquehanna soils are associated, how¬ 

ever, with a considerable number of other soils, some of which have been differen¬ 

tiated on the map as Norfolk, some as Ruston, and a number are differentiated as 

other series in detailed mapping. These may be studied in the reports of the few 

detailed surveys which have been completed in east Texas. One of the important 

groups of soils associated with the Susquehanna consists of members of the Bowie 

series. They have developed from material similar to that underlying the Susque¬ 

hanna but somewhat more sand}7. The A and B horizons are similar to those of 

the Norfolk soils, but the parent material is heavier and the B horizon is heavier 

and somewhat tougher than the Norfolk B. On the soil map in this Atlas they have 

been included with the Susquehanna soils. They occur mainly in the northeastern 

part of the State. 

Figure 33.—Typical erosion occurring in Grenada silt loam, Madison County, Miss. 

In the western part of the Susquehanna area in east Texas, the Lufkin soils 

become rather important. These are related to the Susquehanna but differ suffi¬ 

ciently to warrant differentiation on a generalized map. They differ also from soils 

that have been mapped as Lufkin in Alabama, Mississippi, and Louisiana (combined 

with the Susquehanna on the soil map, pi. 5, secs. 7 and 10) partly in the soil profile 

and partly in the color of the parent material. The latter, in the eastern States, 

is grayer and less well drained than in Texas. In Texas the Lufkin soils have also 

a profile characteristic of a well-advanced stage of development. 

The A horizon is essentially identical in character with that of the Susquehanna 

soils of corresponding texture. Beneath the A horizon is a heavy, tough, plastic B 

horizon which breaks on exposure into angular, roughly cubical blocks ranging up 

to an inch in diameter and these in turn into smaller particles. The color of the 

outsides of the blocks is dark and of the insides is mottled. This is not the parent 

material occupying a comparable position under the Susquehanna soils, but is a 

developed horizon and is similar in its characteristics to the corresponding horizons 

of the Crowley soils in eastern Louisiana and Arkansas and the Katy soils of south 

Texas. It is underlain by material similar to the parent material of the Susquehanna 

soils. 
The foregoing general description of the soils of the coastal plain, from Chesa¬ 

peake Bay into east Texas, shows that wherever these soils have developed in a 

region of thorough dissection, where ground water level stands well below the surface 

and surface drainage is good and has been good for a long time, as shown by the 

stage of topographic cycle development, these soils have developed a reddish color 

wherever maturity of development has been attained. Where drainage is imperfect 

or has been imperfect until a recent geological date, these soils are yellowish, even 

though the ground water has lain several feet below the surface long enough for a 

normal or at least a subnormal solum to have developed. Soils of this character 

have been described as Norfolk and Tifton soils. Along with the reddish soils and 

these subnormal yellowish soils there are large areas of imperfectly developed soils 

which have been described as Coxville, Dunbar, Portsmouth, and under the names 

of a number of other well-known series. 

Another group of yellow soils in which the yellow color is not due to imperfect 

drainage, is that of very sandy soils such as the sand soils of the sand hills along 

the inner border of the coastal plain. 
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SOILS OF THE TERRACES AND ALLUVIAL PLAINS 

Throughout the coastal-plain region south of Chesapeake Bay, relatively broad 

areas of terraces border the valleys of the large rivers. Some of these are well drained, 

some are imperfectly drained, but small areas only are poorly drained. The soils 

developed on these terraces are Red or Yellow soils, depending mainly on the per¬ 

fection of drainage. The red and reddish soils have profiles essentially identical 

with those of the corresponding stages on the upland. The sandy materials develop 

profiles identical with those of the Ruston and Orangeburg, in localities where they 

are well drained. Where less well drained they develop into yellow soils like Nor¬ 

folk. In detailed mapping these soils are broken up into a number of series, the 

yellow soils into the Kalmia, the poorly drained soils into the Myatt and Leaf, the 

well-developed soil with gray surface soil and red subsoil into Hannahatchie, or if the 

material be heavy and the soil red to the surface, into Amite, and the reddish soil 

with a Rustonlike profile into Cahaba. On the soil map these have been grouped 

into Myatt, Kalmia, and Cahaba, but they include areas covered by all the series 

mentioned and also a number of minor series differentiated in detailed mapping. 

North of the mouth of Chesapeake Bay, in the region dominated by Sassafras 

soils, the soils on the terraces, where normally developed, are identified as Sassafras 

soils, there being no differentiation, in such cases, between the soils on the upland, 

if well developed, and those in equivalent stage of development on terraces. 

The alluvial soils of the coastal plain in the Yellow soils region have been differ¬ 

entiated into a number of series. Over large areas, where they are low and subject 

to very frequent inundation, the soils are shown on the detailed soil maps, as well 

as on the map in this Atlas, as Swamp. If the material be brown or reddish brown, 

moderately well drained, made up mainly of material from the piedmont region, it 

is identified as Congaree. Congaree soils occur along the large streams in the 

Carolinas mainly but to less extent elsewhere. Along the lower parts of the large 

streams in the Carolinas and part of Georgia, where the alluvial soils under natural 

conditions are submerged during high tide, but by fresh water, the soils are mapped 

as Georgetown, mainly clay. Up to a few years ago these soils were protected by 

dikes and used for the production of rice. 

In Alabama, the alluvium along the small coastal-plain streams is included in 

Swamp, along the large streams in the eastern part of the State as Congaree, and 

along the streams in the western part of the State and in Mississippi, where moder¬ 

ately well drained but subject to flooding, as Ochlockonee. The latter is the brownish 

alluvial deposit, mainly from upland coastal-plain material, corresponding to the 

Congaree. 

SOILS OF THE MISSISSIPPI, ARKANSAS, AND RED RIVER 
FLOOD PLAINS 

The dominant soils of the great Mississippi lowland have been shown on the map 

as members of the Sharkey and Sarpy series, mainly the former. In detailed mapping 

a number of series have been differentiated, including those mentioned, each of which 

is divided into a number of texture types. 

The Sharkey soils are confined to the deposits containing a high percentage of 

clay. They occur mainly in the “back swamp” or that part of the flood plain lying 

far enough from the river banks not to be influenced by strong currents and the 

coarse deposits laid down in such places. 

The Sarpy soils are mainly young natural levee soils, lying along the river banks 

and a short distance inland. They are predominantly relatively coarse in texture 

and are underlain at a depth of a few feet by still coarser material, usually sand. 

Yazoo soils are relatively old natural levee soils and have developed a soil profile. 

They lie on the natural levee in situations where they have not been disturbed recently. 

The alluvial soils of the Mississippi flood plain are differentiated from those of 

the smaller streams of the region partly because of their prevailingly slightly darker 

color. This results from the derivation of the Mississippi River alluvium, to a con¬ 

siderable extent, from the prairies. These soils are less leached of bases than the 

alluvial soils of the coastal-plain or piedmont streams because the material has its 

source to a great extent in the soils of the Great Plains and prairies where the soils 

are rich in organic material and the bases. 

A belt consisting mainly of Crowley and Waverly soils lies immediately west of 

the alluvial plain, mainly in Arkansas. Much of this belt lies west of Crowley Ridge 

in Arkansas in a broad valley formerly occupied by the Mississippi River and later 

abandoned. The Waverly soils are light colored, the surface horizon being almost 

white except a thin dark-colored layer at the surface. They have developed also 

under imperfect drainage on alluvial plains of small streams flowing mainly from the 

Ozark region in Arkansas. They occur also east of the Mississippi River, in Missis¬ 

sippi and other States. The profile is not yet developed. The Crowley soils have 

already been described on page 44. 

The alluvial deposits of the Arkansas and Red Rivers contain a considerable 

amount of material from the red beds of western Kansas, Oklahoma, and northwest 

Texas. They are easily recognized by their red color andhigh percentage of calcium car¬ 

bonate. The material which still retains its reddish color with slight leaching of the 

carbonates constitutes the soils of the Miller series. The older deposits, in which 

the color to a depth of more than a foot has given place to the normal soil color of the 

region, constitute the various members of the Portland series. These soils have a 

light-colored, pale-yellowish, or brownish-yellow A horizon and a much heavier dark- 

reddish B horizon which is underlain by pinkish or reddish clay. The clay material 

is highly calcareous, usually heavy in texture and, where the profile has not been 

developed far enough for the surface to have become leached, the soils are highly 

productive but rather difficult to cultivate and also, being alluvial soils, are subject 

to flooding. The Miller soils along both the Red and Arkansas Rivers consist of a 

belt of very fine sandy loam along the existing or recently abandoned channels, con¬ 

stituting a natural levee in which the profile is moderately developed although the 

carbonate has not been leached to a greater depth than about 2 feet. These soils are 

well drained. The rest of the alluvial plain consists of Miller clay which, because of 

its heavy texture and its subjection to frequent overflows, has not developed a profile. 

THE RED SOILS 

Under the discussion of the Yellow soils a number of red and reddish soils were 

included. The general heading Yellow soils referred more accurately to the soils of 

the coastal plain, including red, reddish, and yellow soils, than to yellow soils alone. 

The designation Yellow soils was justified because the dominant soils discussed under 

that head are yellow. In the same waj^ the general heading Red soils will cover both 

red and yellow soils, but the dominant soils included under it are red or reddish. 

The Red soils occupy considerable areas underlain by ancient rocks, both Archaean 

and Paleozoic. In the piedmont region and the Blue Ridge highlands, they are under¬ 

lain by very old crystalline rocks and in the Appalachian and Ozark regions by rocks 

of Paleozoic age. In all cases the upland soils of the group have developed from 

material accumulated by the decay of underlying rocks consisting of crystalline schists 

and gneisses, limestones, sandstones, and shales. In general the area occupied by 

soils derived from these materials is well drained. Dissection is thorough, except 

locally, and is relatively deep. Although the rocks are relatively resistant to erosion, 

dissection has attained, as a whole, a more advanced stage of development than in 

large parts of the coastal plain. 

While Yellow soils are not insignificant in their occurrence within the general region 

of Red soils, the areas occupied by them are not large. The relationships of the Red 

and Yellow soils within the region of Red soils, to the relief of the land on which they 

lie and have developed are identical with the relationships of the correspondingly 

colored soils to the relief on which they lie in the coastal plain. The Yellow soils occur 

predominantly on smooth or flat areas; the Red (and reddish) soils on rolling areas 

with good drainage produced by thorough dissection or by underlying gravels and 

sands. This is in general true, regardless of the character of the rock underlying the 

soil. 

SOILS OF THE PIEDMONT REGION 

The dominant soils in the piedmont region, extending from Virginia southward to 

Georgia and Alabama, including also part of the Blue Ridge plateau in North Carolina 

and Georgia, are members of the Cecil series. The two principal types, namely, Cecil 

clay loam and Cecil sandy loam, which in detailed mapping of the region are shown with 

a number of other types, have been combined under Cecil on the soil map of this 

Atlas. The Cecil clay loam is, from the point of view of area, much more important 

than the sandy loam. 
While the true Cecil clay loam has developed from crystalline rocks containing a 

low percentage of quartz, the greater part of the soil mapped as clay loam is a soil 

derived from material containing quartz, in which the A horizon, originally sandy, has 

been removed by erosion, and the B horizon, containing a high percentage of clay, 

lies on the surface. Since in detailed mapping in the United States the final soil unit 

is differentiated on the basis of differences in texture of the surface layer, regardless of 

the relation of that material to the theoretical normal profile of the region, such a soil 

would be mapped as a clay loam. The sandy loam, on the other hand, has the normal 

profile of the region and is not one that has been mutilated to the extent of having 

suffered the removal of its A horizon. The normal profile of the region, that of the 

sandy loam, consists of the usual very thin layer of leaf mold at the surface, made 

up mainly of leaves from deciduous trees, but may contain, from place to place, 

different proportions of leaves from conifers. The leaf mold is underlain by a 2- or 3- 

inch layer of light-textured or very sandy material mixed with enough organic matter 

to give it a dark color and this, in turn, by pale-yellow or grayish-yellow structureless 

sand, loamy sand, or light sandy loam. These two layers constitute the A horizon, 

and both are usually structureless. 

The B horizon is red clay contacting some sand, the proportion of thelatter differing 

greatly from place to place, depending on the percentage of quartz in the parent rock. 

The material breaks into angular particles similar to those in the B horizon of the 

Gray-Brown Podzolic soils in which the B horizon contains a rather high percentage 

of clay. In most places the color of the particles is redder on the outsides than on the 

insides. The thickness of the horizon differs somewhat with the locality, being less 

thick in the northern end of the piedmont region and thicker southward into Georgia 

where it extends to a depth ranging from 5 to 8 feet. It is underlain by reddish or 

yellowish loose material derived from disintegration of crystalline schists and gneisses 

not yet thoroughly decomposed. The unweathered gneisses and schists lie at depths 

differing greatly from place to place, attaining in places a depth of 100 feet or more. 

Rock decomposition has extended to great depths, but the solum is only slightly 

thicker than that in the region of the Gray-Brown Podzolic soils where the Chester 

soils are developed. 

The profile just described is that of the sandy loam and is the typical mature and 

undisturbed profile not only in the piedmont region, but also, as has been seen, in that 

part of the coastal plain where the soils are red or reddish. Since the Yellow soils, as 

already explained, seem to be yellow because of local rather than regional conditions, 

the profile of Cecil sandy loam or that of Orangeburg or Ruston sandy loam must be 

considered the normal regional profile. 

The important soils associated with the Cecil soils in the southern piedmont and 

Blue Ridge regions, most of which are shown on the map, are members of the Durham, 

Georgeville, Alamance, Davidson, Iredell, Louisa, and Talladega series. (PI. 5, 

secs. 7, 8, 9, and 10.) They have been differentiated from the Cecil soils partly on 

the basis of profile characteristics and partly on the basis of the character of the 

parent material. 

The Durham soils are yellow. Their profile in its fundamental physical features 

is identical with that of the Norfolk soils, it being apparent that both soils have 

developed under similar conditions. The Durham soils have developed, at least 

until a relatively recent geological date, under the influence of imperfect drainage. 

They lie on relatively small, flat, and as yet undissected, upland areas of the piedmont 

region. A similar soil, differentiated as the Appling on the detailed maps of this 

region, has been included with the Durham in this publication and on the soil map. 

(PI. 5, secs. 7, 8, 9, and 10.) Both soils have developed from crystalline gneisses 

and granites. 

The Alamance soils are similar to the Durham in color. They have developed from 

slates, however, and, as in most soils derived from such material, the whole layer of 

disintegrated material is thin, and in most cases no opportunity has yet been pre¬ 

sented for the development of a normal soil profile even where other conditions have 

been favorable. The Alamance soils have a profile similar in some respects to that 

of the Durham but in large areas these soils are somewhat less strongly yellow than 

the Durham soils. Drainage is less perfect in part of the Alamance region than in 

the Durham. 

The Georgeville soils are associated with the Alamance, but instead of lying on 

smooth or flat areas they lie on moderate slopes. The material has been accumulated 

from shales and slates, but the layer of accumulated material is thicker than on the 
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flat areas, has been well drained for a long time, and the soils have developed the 

normal profile of the region. The parent material, consisting of slates which contain 

a very low percentage of sand and a high percentage of silt and clay, has produced a 

silty A horizon and a rather heavy but very friable reddish clay B horizon. The 

A horizon is somewhat more reddish than the sandy A horizon of the Cecil sandy loam 

but is reddish yellow rather than red. The B horizon, however, is strongly red. 

Disintegrated or undisintegrated shale lies beneath the B horizon. 

The Louisa soils occur in a number of localities but mainly in the western part 

of the southern piedmont and in the southern part of the Blue Ridge region. In 

essential characteristics they are Cecil soils derived from highly micaceous rocks. 

Because of the high percentage of mica and the slow rate at which this material decom¬ 

poses, the profile has not yet become well developed. These soils are red, however, 

and are incipiently developed. Part of the lack of profile development is a result of 

the prevailingly rolling or hilly relief on which these soils occur. The Chandler 

soils are similar to the Louisa but are yellowish rather than reddish. As these soils 

have not been studied in detail, the reason for the yellowish color has not yet been 

determined. However there is some data available suggesting that the yellow color 

is due to imperfect drainage because of the slight depth to the dense schists. 

In comparatively small areas throughout the piedmont belt, not only in the region 

of Red and Yellow soils but also in that of the Gray-Brown Podzolic soils, are occurrences 

of dark-colored igneous rocks, usually diabasic in character. Where freshly decomposed 

and where, partly because of slightly imperfect drainage and imperfect oxidation, 

no profile has yet developed, this rock has weathered to material consisting of ex¬ 

tremely heavy plastic and tough clay. Soil profile development is very slight, the 

surface soil being very similar in color to the material beneath. Soils of this character 

are members of the Iredell series. 

Where this material has become oxidized because of good drainage, the resulting 

soils constitute members of the Davidson series. They are red clay soils with slight 

profile development. 

It will be noted that the Chester soils extend southward into the latitude of the Red 

and Yellow soils. They do not extend, however, into the Red and Yellow soils region 

but remain in the higher parts of the piedmont region in Virginia and North Carolina 

and in the Blue Ridge plateau of the latter State. The Chester soils in this region, 

however, have a relatively imperfectly developed profile because they lie on mountain 

slopes. The extent of their leaching and the general character of their profiles, 

where the development has taken place, are similar to the Chester soils in the northern 

piedmont plateau. They illustrate the vertical zonation of soils. 

SOILS OF THE APPALACHIAN VALLEY AND RIDGES 

The southern end of the Great Valley is much broader than that part lying 

in Pennsylvania, Maryland, and Virginia. It is underlain by cherty and chert-free 

limestones and by shales, some of which are calcareous. The dominant soils are 

members of the Clarksville series. They are developed from the highly cherty 

material from limestones. Because of the abundance of chert they have been well 

leached and have developed a profile with a gray or nearly white A horizon and a 

yellow B horizon, underlain by red clay with embedded chert. 

The Clarksville soils, with their well-defined yellow color in both horizons of the 

solum, include on the soil map certain soils in Kentucky and central Tennessee where 

they are associated with Gray-Brown Podzo ic soils. They have been described, as 

far as knowledge of their characteristics allows, in connection with the Lowell and 

other Gray-Brown Podzolic soils. They could quite as well have been included in 

the Red and Yellow soils. They lie near the boundary between the two groups, 

this situation allying them, in some cases, with the Gray-Brown Podzolic soils, but 

their physical characteristics relating them to the Red and Yellow soils. 

The same statement may be made regarding some of the soils shown on the map 

as Hagerstown, especially those in the southern part of Tennessee. These soils are 

red rather than yellow and are transitional soils belonging as nearly in the Red soils 

of the southeast as in the Gray-Brown Podzolic soils. 

It will be noted that the southern boundary of the Gray-Brown Podzolic soils 

across Tennessee bends southward into the northwestern part of Alabama, along 

the Tennessee River, and then turns sharply northward along the Tennessee River 

to southern Illinois where it again turns westward. This part of the boundary is 

somewhat arbitrarily located, but, since the boundary between the Gray-Brown 

Podzolic soils and the Red and Yellow soils is not a line but a broad zone and since 

the heavier soils such as those developed from the limestone materials in the central 

parts of Tennessee and Kentucky have developed the characteristics of the Red and 

Yellow soils to less extent than those of light texture in the coastal plain of the 

Mississippi embayment, it has been considered permissible at least to include the 

soils developed from all of the relatively fine grained materials in the Gray-Brown 

Podzolic group rather than to put some in one group and some in another. The 

light-textured soils, however, those developing from sandy materials, have been 

more thoroughly leached than the heavier soils derived from limestone materials in 

the same latitude, so that within the coastal-plain region the Red and Yellow soils 

extend northward to the mouth of the Ohio River and also extend across the central 

part of the Ozark region, the boundary line across that region having been established 

somewhat arbitrarily on the boundary between those soils developed from limestones 

in Missouri and northern Arkansas and those derived from sandstones and shales 

in Arkansas. 

The soils developed from chert-free limestones in the southern part of the Great 

Valley and in certain places in the central basin of Tennessee and the Ozark region, 

where the limestones are rich in carbonates, have red or reddish B horizons. They 

are identified as members of the Decatur series, the types consisting of the silt loam 

and clay loam. They occupy large areas in the Great Valley of eastern Tennessee, 

Alabama, and Georgia. These soils are relatively productive and occur on smooth 

relief, and the greater part of the land on which they occur is cultivated. Because 

of their rather heavy subsoil and the silty deflocculated condition of the surface soil, 

they have been severely eroded and a normal profile is of rare occurrence. In¬ 

variably, however, where a normal unmutilated profile is found, it consists of a rela¬ 

tively light colored A horizon and a stronger colored B horizon. The A horizon has 

the usual thin layer of leaf mold on the surface, a thin layer of dark-colored mineral 

soil immediately beneath it, and a thicker layer of pale-yellow or faintly reddish 

material underlying the latter. The B horizon is heavy but friable red clay, and it 

is underlain by disintegrated limestone material, often at considerable depths. Out¬ 

crops of limestone rock are numerous throughout the region. 

These soils seem to have the same profile and, so far as is known, the same general 

chemical composition as the red loams overlying limestones in the more humid part 

of the Mediterranean region and Balkan peninsula. Although there has been con¬ 

siderable discussion as to whether the red loams contain an A horizon, the most 

recent work indicates that this horizon is present except where it has been removed 

by erosion. This is undoubtedly the case with the red limestone soils in the south¬ 

eastern part of the United States, this relationship of red color to the A and B horizons 

being the same in the Decatur soils as in the Cecil soils. A yellow A horizon develops 

on the limestone soils just as well as on the Cecil, but it has been removed over large 

areas, not only where the soil has been cultivated, but also in virgin areas. The 

occurrence of the red color over large areas, not only in the region of dominant Cecil 

soils but also in the region of Decatur soils, means nothing more than that the A 

horizon has been removed by erosion. Since the material of the Decatur soils is 

relatively heavy, however, the A horizon is not so thick as the A horizon in the Cecil. 

SOILS OF THE ALLEGHENY PLATEAU AND OZARK REGION 

The Allegheny plateau in Tennessee and northern Alabama lies immediately 

west of the Great Valley without the intervening belt of Allegheny ridges, which is 

present in Pennsylvania and Virginia. In Tennessee and Alabama it consists of a 

series of long, relatively narrow, smooth-topped plateaus less thoroughly dissected 

than in Kentucky, West Virginia, and Pennsylvania. On these smooth uplands yellow¬ 

ish sandy soils have developed with profiles practically identical with the profiles of 

the Norfolk soils. They constitute members of the Hartsells series. Associated 

with them, usually in well-drained situations, are soils with red B horizons derived 

from sandstone and shale material, constituting members of the Hanceville series. 

A large area of soils mapped as Hanceville lies in the southern or sandstone part 

of the Ozark region in Arkansas. This region is in part a plateau and in part a 

region of parallel alternating ridges and lowland belts caused by the erosion, through 

a series of erosion cycles, of folded interbedded resistant sandstones and nonresistant 

shales. 

On all comparatively smooth areas consisting of remnants of the uneroded plateau 

and the well-drained parts of the lowland belts between the ridges the normal regional 

profile has developed, consisting of a light-colored sandy or silty A horizon and a 

reddish heavier B horizon. Small areas of Hartsells soils occur in the region on flat 

areas where ground water has stood at a depth of 3 or 4 feet and where indurated 

subsoils have not developed. In the lowland belts and smooth areas elsewhere the 

soils of the well-drained spots are members of the Hanceville series. On flat areas 

in the lowland belts the soils have developed indurated subsoils. They are members 

of the Conway series. Soils on steep slopes are members of the Muskingum series. 

Because of the small scale of the map, only Hanceville and small areas of Conway 

soils are shown. 

It will be noted that the Muskingum soils have been extended from the typical 

region in which they occur in the northern Allegheny Plateau of eastern Ohio and 

western West Virginia southward into the region of Red and Yellow soils. They 

not only extend into the latitude of the Red and Yellow soils but also into the environ¬ 

ment of these soils. In detailed mapping they are not extended so far southward, but 

on the soil map in this publication they are so shown because they are young soils 

and have not yet developed a profile. When they develop a profile in this southern 

region they will have the profile, not of the Gray-Brown Podzolic soils, but that of the 

Red and Yellow soils. In the localities where drainage is thorough they will develop 

a Hanceville profile and where it is still good, but less thorough, a Hartsells profile. 

At the present time these are neither Hartsells nor Hanceville soils but are very young 

soils without profile, derived from sandstone and shale material. Although in most 

cases such soils would be given an independent name because of the evident course 

which their development is taking and will take, yet because of the small scale of the 

map and of the large number of differentiations already on it, they have been identi¬ 

fied, for the purpose of the soil map, as Muskingum soils despite their occurrence in 

the region of Red and Yellow soils. 

A small aggregate area of Holston soils is mapped, as silty members of the 

Hartzells soils in small areas, in the southern part of the Great Valley. Other areas 

are mapped in southern Indiana and in other places in the Tennessee-Kentucky- 

Alabama region. They are normally developed Yellow soils, having developed on 

flat areas from water-laid noncalcareous materials, and they are essentially identical 

in general character with the Norfolk soils. 

In rather large areas of eastern Oklahoma soils have been developed from sand¬ 

stones and shales in a hilly region, smoother, however, than the Ozark region of 

Arkansas. Sandstones constitute an important part of the rock. The soils are 

sandy, have a reddish B horizon, and have been placed on the map in the Hanceville 

series. Soils developed from the same kind of material, somewhat finer in grain, 

along the western border of the Ozark region in Missouri have been identified in 

detailed work as members of the Bolivar series. They differ from the Hanceville 

soils in that the color of the B horizon is less red and the material is heavy, rather 

tough, and intractable clay. The profile is not normal, whereas that of the Hanceville 
soils is normal. 

COMPOSITION OF THE RED AND YELLOW SOILS 

COMPOSITION OF NORFOLK AND TIFTON SOILS 

No attempt has yet been made to trace in detail the differences in chemical char¬ 

acter found in the soils of the eastern part of the United States as one proceeds from 

north to south. Samples have been collected somewhat at random and a considerable 

number have been analyzed, but very little has yet been done except to determine, by 

fusion analysis, the total quantities of constituents present. No samples of virgin 

Yellow soils from the coastal plain in North Carolina have yet been analyzed. The 

composition of samples of material, seemingly representing moderately well the 

A and B horizons, but collected in a cultivated field at Scottsville, in eastern North 

Carolina, was published by Robinson and Holmes {15) in 1924. The results, includ¬ 

ing the composition of colloid extracted from both horizons, are shown in Table 58. 
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Table 58.—Chemical composition of Norfolk fine sandy loam, Scottsville, N. C.' 2 

A 

B 

Horizon Depth Si02 Ti02 Fe2C>3 AI2O3 MnO 

Inches 

0- 8 

12-36 

P.ct. 
[“ 90.34 
I '>93. 90 
1 “38. 25 
{M5. 81 
f “85. 69 
I f>88. 41 

1 “41. 60 
(“48. 27 

P.ct. 
0. 94 
.98 
.79 
.95 

1.06 
1.09 
.71 
.82 

P.ct. 
1.88 
1.95 

11.25 
13. 47 
2.67 
2. 76 

11.28 
13. 09 

P. ct. 
2.89 
3.00 

31.21 
37. 38 

7. 62 
7. 86 

31. 10 
36.08 

P. ct. 
0.001 
.001 
.033 
.040 
.005 
.005 
.005 
.005 

Igni- 
N CaO MgO K20 Na20 P206 SOs tion Total 

loss 

P. ct. P.ct. P.ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. 

0.100 0.080 0. 22 0. 04 0. 02 0.03 3.74 100. 28 0. 060 

.104 .083 .23 .04 .02 .03 _ 100. 33 _ 

.540 .530 .26 .09 .23 .08 16. 51 99. 77 .220 

.640 .630 .31 .11 .28 . 10 99. 72 _ 

.310 .070 .40 .21 .01 .06 3.08 101.18 .030 

.320 .072 .41 .22 .01 .06 _ 101. 21 

.340 .490 .46 .22 .26 .05 13.81 100. 32 .250 

.390 .570 .53 .26 .30 .05 — 100. 36 — 

co2 
from 
car¬ 
bon¬ 
ates 

1 Collected by B. B. Derrick. 2 Analyzed by W. O. Robinson and R. S. Holmes. 

The samples were not collected by horizons, and none was collected from the 

C horizon. The data therefore do not make it possible to determine what differences 

exist between the parent material and the soil or whether sesquioxides have accumu¬ 

lated in B or have merely been removed from A. The composition of the “surface 

soil,” which constitutes part of the A horizon, shows a low percentage of iron oxide 

and alumina, and that of the “subsoil,” which includes a part of the B horizon but 

may also include part of A, shows higher percentages of alumina and iron oxide and 

lower percentages of silica than the layer above. The sa ratio in the colloid material 

of the surface soil calculated from the composition of the “loss-free” material is 2.08. 

That in the colloid from the subsoil is 2.24. That of the colloid from the Bi horizon 

of the Chester loam in Arlington County, Ya. (see p. 33), is 2.14. 

The composition of samples of a profile of Norfolk sandy loam from Bennetts- 

ville, S. C., is shown in Table 59. Since the maximum depth of samples was 36 inches 

only, the parent material seems to have been merely touched, only part of the ma¬ 

terial from 27 to 36 inches being from the C horizon. The material from 8% to 27 

inches represents the upper part of the B horizon. The A and B horizons were care¬ 

fully separated in sampling. 

Table 59.—Composition of Norfolk sandy loam, Bennettsville, S. C.1 

Chemical2 

Sample 
No. 

34736 

34737 

34738 

34739 

Hori¬ 
zon 

Ai 

A2 

B 

C 

Depth 

Inches 

0-2 

2-8)4 

8)3-27 

27-36 

SiOn Ti02 Fe203 Al2Os MnO CaO MgO K20 Na20 P205 SOs 
Igni¬ 
tion 
loss 

Total N 

co2 
from 

carbo¬ 
nates 

P. Ct. P. Ct. P. ct. P. ct. P. ct. P. ct. P. ct P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P.ct. P. ct. 

f “91.64 0. 66 0. 73 0.97 0. 03 0. 30 0. 21 0.11 0. 22 0.01 0. 03 5.09 100. 00 0. 080 — 

\m. 53 .70 .77 1.02 .03 .32 .22 . 12 .23 .01 .03 99. 98 

/“93. 37 .66 1. 13 1.57 (3) .24 .18 .15 .24 .02 .02 2. 42 100. 00 .060 — 

\ *95. 64 .68 1.16 1.61 (3) .25 .18 .15 .25 .02 .02 _ 99.98 — — 

j “84. 32 1. 06 2. 62 8. 27 (3) .17 .18 . 16 .20 .02 .02 2. 98 100. 00 .040 

\ *86. 88 1.09 2. 70 8. 52 (3) .18 .19 .17 .21 .02 .02 _ 99.97 — — 

r»85. 94 1.06 2.16 7. 64 (3) .13 . 16 . 19 .26 .01 .03 2. 42 100. 00 .030 

\ 888. 06 1.09 2. 17 7. 83 (3) .13 .17 .20 .27 ■ Cl .03 — 100. 04 — 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical4 

Fine 
gravel 
(diam¬ 

eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

34736 ___ A, 0- 2 2.9 21.6 18.7 15.5 10.7 21.4 9.1 99.9 

34737 __ _ 2- 8)4 2.1 18.2 18.4 16.4 11.9 21.4 11.4 99.8 

34738 _ B 8)4-27 1.9 17.3 15.8 14.0 9.7 19.3 22.0 100.0 

34739_ C 27-36 2.8 16.8 16.1 13.7 10.1 18.3 22.1 99.9 

1 Collected by C. F. Marbut. 
2 Analyzed in the division of soil chemistry, Bureau of Soils, Dec. 8, 1917. 
3 Trace. 
4 Analyzed by L. T. Alexander. 

The several ratios and the molecular equivalent composition are shown in 

Table 60. 
Table 60.—Norfolk sandy loam, Bennettsville, S. C. 

Sample No. 
Hori¬ 
zon 

Depth 
in inches 

Ratios Molecular equivalent composition 

sa sf ba Si02 Fe203 AI2O3 

Alkalies 
and alka¬ 

line 
earths 

Ai 0- 2 160. 90 332. 21 1.07 

34737 _ A2 2- 8)4 100. 90 218. 50 .64 1.59 0. 007 0. 016 0.010 

34738 _ B 8)4-27 17.33 85. 27 .10 1.44 .017 .083 .008 

34739__— C 27-36 19.12 107. 58 .11 1. 46 .013 .076 .008 

The sa ratios and molecular equivalent composition show that the gain of alumina 

in the B horizon over that in C is small but that the loss from A2 has been great. 

Since the horizon designated here as C is partly lower B and partly upper C, this small 

difference is to be expected. It is evident that the gain in B is not sufficient to cover 

all the loss suffered by A, even if no diminution of volume has taken place in A and 

much less so if diminution has taken place. There must have been considerable loss 

of alumina from the profile. In the case of iron oxide the gain in B can not be ac¬ 

counted for by the loss from A, providing again no change in volume of A has taken 

place. In a soil with so high a percentage of silica, in which also about 85 per cent 

or more of it is quartz, any change in volume brought about by the shifting of col¬ 

loidal material, consisting in this case of very finely divided iron oxide and aluminum 

silicate, is not great or rapid. It is apparent that the iron oxide has been saved 

and that most of the alumina has been lost. This difference in relative persistence 

of iron oxide and alumina is also well brought out, especially for the A horizon, by the 

iron-oxide alumina ratios which are 461, 202, and 177, respectively, for the A2, B, and 

C horizons. The A horizon ratio shows that the iron oxide has been retained to a 

very much greater extent than the alumina. The B horizon shows similar results 

but to a much smaller degree. 
The difference between the sa ratio in C and that in B must in this case be ac¬ 

counted for practically entirely by accumulation of alumina in B. Since the material 

consists of sedimentary sands and clays, the amount of undecomposed mineral in it 

other than quartz is very small. The actual accumulation has, however, been small, 

amounting to about 10 per cent of that in C. The accumulation of iron oxide has 

been greater, amounting to about 20 per cent of that in C. It will be remembered 

that in the Miami soils the percentage of accumulation of iron oxide was less than 

that of alumina. That was the case also in the Podzols of the northeastern part of 

the United States. 
The ba ratio in C is practically the same as in B, but in A2 it is six times as large 

as in C and in Ax nearly nine times as large. This is owing to the very low per¬ 

centage of alumina in At and A2, but it shows also that a considerable part of the bases 

in these two horizons is in combination with the organic matter. Since it is pre¬ 

sumably not present in undecomposed silicate minerals it would otherwise have gone 

out, or down to horizon B with the alumina. 

The ba ratio shows that the number of molecules of combined alkalies and alka¬ 

line earths in proportion to the number of molecules of alumina decreases with depth 

from the surface through the B horizon. This shows that some of these substances 

are present in some other form than in combination with the alumina or, on the other 

hand, the alumina in B is less rich in them than in A. Presumably practically all 

the alumina is present as colloid. 

The mechanical analysis shows that the quantity of clay in the B horizon is 

more than twice that in A. The percentage of silt is, however, lower in B than in A. 

Eluviation, although the soil material is sandy, has affected the very finely divided 

material, presumably colloidal, mainly. 
The composition of a sample of very sandy Norfolk sandy loam from Lexington 

County, S. C., is shown in Table 61. 

Table 61.—Composition of Norfolk sandy loam, Gaston, Lexington County, S. C.1 

Sample 
No. 

29184 _ 

29185 _ 

29186 _ 

29187 _ 

Hori¬ 
zon 

Ai 

A2 

B 

C 

Depth 

Inches 

0- 3 

3- 6 

6-48 

48-84 

Chemical2 

Si02 

P. ct. 

\ “96. 47 

['>97. 93 

f “97. 42 

1*98.11 

“94. 85 

i>95.99 

“86.97 

*89. 85 

Ti02 Fe203 

P.ct. 

0.24 

.24 

.09 

.09 

.34 

.34 

.34 

.35 

AI2O3 

P. ct. 

0. 64 

.65 

.63 

.63 

1.11 

1.12 

1.91 

1.97 

P.ct. 

0.80 

.81 

.70 

.70 

2.02 

2.04 

6. 92 

7.15 

MnO CaO MgO K20 Na20 P2O5 SOs 
Igni 
tion 
loss 

Total N 

co2 
from 

carbo¬ 
nates 

P. ct. P. ct. P.ct P. ct. P.ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. 

0. 070 0. 28 0.10 0.02 0.08 Tr. 0. 03 1.50 100. 17 0.040 — 

070 28 10 . 02 .08 Tr. .03 100.15 

.003 .10 .08 Tr. .14 Tr. .01 .70 99. 87 .020 

.003 .10 .03 Tr. .14 Tr. .01 _ 99. 86 _ — 

.010 .10 .11 .25 Tr. .01 .03 1. 20 100. 02 .020 

.010 .10 .11 .25 Tr. .01 .03 _ 100. 00 _ _ 

.004 .08 .10 .23 Tr. .02 .05 3. 20 99. 82 .020 

.004 .08 .10 .24 Tr. .02 .05 — 99. 81 — — 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 
mm) 

Medium 
sand 

(diameter 
0.5-0.25 

mm) 

Fine 
sand 

(diameter 
0.25-0.1 

mm) 

Very fine 
sand 

(diameter 
0.1-0.05 

mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

29184_ Ai 0- 3 3.1 30.1 28.4 31.3 4.5 0.8 1.8 100.0 

29185__ A2 3- 6 2.3 33.9 30.5 27.9 2.4 .8 2.2 100.0 

29186_ B 6-48 1.4 21.9 19.6 29.1 16.0 4.2 7.6 99.8 

29187_ C 48-84 1.3 15.4 19.4 30.7 12.5 2.6 18.1 100.0 

1 Collected by J. O. Veatch. 
2 Analyzed by G. J. Hough. 
3 Analyzed by L. T. Alexander. 

The percentage of sesquioxides in the B horizon, extending from 6 to 48 inches, 

is somewhat higher than in A, and the percentage, especially of alumina, in the 

material below 48 inches, is much higher. The mechanical composition, also, shows 

a much higher percentage of clay in C than in B. The difference is so great that its 

origin can not readily be explained as a soil phenomenon. The simplest explanation, 

confirmed by examination of the sample, is that it is due to the occurrence of a stratum 

of clay below a depth of 48 inches. This is a geological deposit and different in origin 

from the heavier B horizon. It is an original condition in the parent material and 

not the result of soil-profile development. Since this layer constitutes a stratum 

different in composition from that from which the solum developed, the several 

ratios and molecular equivalent compositions would present no suggestions regard¬ 

ing what has taken place during soil development. Therefore they have not been 

calculated. 
The Marlboro 18 soils are associated with the Norfolk and have developed, like 

the Norfolk, from the sandy deposits of the coastal plain. They occupy areas con¬ 

taining many well-defined depressions for which there seems to be no other explanation 

than that they are the result of collapsing due to solution and removal of underground 

material, probably calcium carbonate. Carbonate rocks, either consolidated or 

unconsolidated, do not outcrop in the region, but the soils have a higher content 

of clay than Norfolk soils... 
The composition of a Marlboro profile from Wilson County, N. C., is shown in 

Table 62. 

Table 62.—Composition of Marlboro fine sandy loam, Wilson, Wilson County, N. C.1 

Chemical2 

Sample 
No. 

32612, . 

32613-- 

32614,. 

32615,_ 

Hori¬ 
zon 

Ai 

A2 

B 

C 

Depth 

Inches 

0- 2 

2- 8 

8-32 

32-55 

Si02 

P. ct. 
r“86. 95 
L *>92. 26 
f“87.17 
1*89. 90 
f-71. 78 
1*76. 08 
r»71. 50 
1 *75. 93 

Ti02 

P.ct. 
0. 96 
1.02 
1. 19 
1.23 
1.31 
1.39 
1. 31 
1. 39 

Fe203 

P. ct. 
0. 97 
1.03 
1.69 
1.74 
5. 35 
5. 68 
5. 51 
5. 85 

Al203 MnO 

P. ct. 
2.62 
2. 78 
4. 63 
4.78 

13. 73 
14. 57 
14.28 
15.16 

P. ct. 
0. 01 
.02 
.01 
.01 
.01 
.01 
.01 
.01 

CaO 

P.ct. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 

MgO 

P. ct. 
0.18 
.19 
. 19 
.20 
.26 
.28 
.30 
.32 

K20 

P.ct. 
0.33 
.35 
.34 
.35 
.35 
.37 
.61 
.65 

Na20 

P. ct. 
1. 75 
1. 86 
1.70 
1.75 
1. 67 
1.77 
1.59 
1.69 

P205 

P.ct. 
0.13 
.14 
.10 
.10 
.08 
.08 
.05 
.05 

SO3 

P.ct. 
0.11 
.12 
.08 
.08 
. 14 
.15 
.10 
. 11 

Igni¬ 
tion 
loss 

P.ct. 
5. 77 

3.02 

5.73 

5.85 

Total 

P. ct. 
99. 78 
99. 76 

100. 12 
100.14 
100. 41 
100. 38 
101. 11 
101.16 

>. ct. 
. 120 

.’636" 

.020 

iolo 

C02 
from 
car¬ 
bon¬ 
ates 

P.ct. 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

32612_ Ai 0- 2 1.1 3.4 2.6 40.0 12.2 33.1 7.2 99.6 

32613_ A2 2- 8 .8 2.2 1.6 31. 5 18.8 32.2 12.3 99.4 

32614_ B 8-32 .6 1.6 .9 14. 0 21.0 25.6 35.6 99.3 

32615_ C 32-55 1.4 1.4 1.0 12.8 11. 2 24.3 47.8 99.9 

1 Collected by W. E. Hearn. 2 Analyzed by G. J. Hough. > Analyzed by V. Jacquot. 

is The Marlboro soils have been included on the soil map with the Orangeburg soils. They are closely associated with the latter since both have developed from coastal-plain deposits containing limestone or marl. 
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The material lying at the lowest depth sampled constitutes the upper part of the 

C horizon but contains a much higher percentage of clay than the B horizon. It 

consists of mottled clay and silt with a low percentage of sand. It is like the Norfolk 

profile at Lexington, S. C. In the Marlboro sample, however, the heavy stratum 

lies at less depth than in the Norfolk profile, so that the B horizon has developed 

from it. The percentage of alumina in B, however, is lower than that in C. The 

percentage of clay, shown by the mechanical analysis, is more than 10 per cent lower 

than in C. It does not seem possible, therefore, with the data available, to determine 

whether alumina and iron oxide have accumulated in B or not. The low percentages 

of both constituents in A make it extremely probable that both constituents have 

The profile of a soil identified as Norfolk, mainly on the basis of the color of the 

A and B horizons, from Raiford in Mitchell County, Ga., has been sampled and 

analyzed. The chemical and mechanical composition are shown in Table 65. An 

examination of the samples, in the light of the recently acquired knowledge and point 

of view regarding the Norfolk soils, indicates that the material of the C horizon is 

better drained than the C horizon of the Norfolk in the Carolinas. Whether or not 

it be finally identified as a member of the Norfolk or some other related series, there 

is no question about its membership in the Yellow subgroup of the Red and Yellow 

soils. 

Table 65.—Composition of Norfolk sandy loam, Raiford, Mitchell County, Ga> 

been lost from this horizon. The percentages of alkalies and alkaline earths are low 

throughout. Throughout the region of Red and Yellow soils these constituents have 

been partly leached from the C horizon material to great depths. The A and B 

horizons are well marked by high silica and low iron oxide and alumina in At and A2, 

extending from 0 to 8 inches, and the reverse relationships appear below this. 

The absence of lime from all the layers in the profile is noticeable, in view of the 

probable derivation from calcareous rocks. Soda percentage is unusually high com¬ 

pared with that in the two samples of Norfolk soils described, but the percentage of 

potash is not high. The alumina is high in both B and C, and the mechanical analysis 

shows the presence of a high percentage of clay in comparison with the Norfolk and 

most of the other coastal-plain soils, except the Norfolk from Lexington, S. C., which 

could have been identified Marlboro as well as Norfolk. 

The composition of another set of profile samples from a Marlboro fine sandy loam 

profile near Bennettsville, S. C., is shown in Table 63. In this case the A and B 

horizons only were sampled. This soil contains a higher percentage of medium and 

coarse sand in the A horizon than the Wilson County soil, but, possibly because of 

this, eluviation seems to have gone further since the percentage of alumina is higher 

in the B horizon, the percentage of iron oxide being about the same. The percentages 

of both potash and soda, especially the latter, are lower, but calcium is present in 

small amounts. The texture horizons are extremely well marked, but since the C 

horizon was not included it is not certain whether sesquioxides have been merely 

shifted within, or entirely removed from, the solum. 

Table 63.—Composition of Marlboro fine sandy loam, Bennettsville, S. C.1 

Sample 
No. 

Hori¬ 
zon Depth 

Chemical2 

SiC>2 Ti02 Fe2C>3 AI2O3 MnO CaO MgO KzO Na20 PzOs SO3 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. 
34744 Ai 0 3 (“91. 71 0.97 0. 66 2.88 0. 01 0.24 0.19 0.28 Tr. 0.07 0.02 2.97 100. 00 0.060 

\*>94. 51 1. 00 .68 2. 97 .01 .25 .20 .29 Tr. .07 .02 100. 00 
3474b A 0 3 Q (“93. 39 .97 .80 3. 91 .01 .19 .20 .18 0.06 .00 .02 .21 100. 00 .020 

l *>93. 56 .97 .80 3. 92 .01 . 19 .20 .18 .06 .06 .02 99. 97 

34746 Bi 11 28 (“70. 85 1.05 4.07 16. 06 .01 .30 .33 .20 Tr. . 18 .02 6. 93 100. 00 .020 
(*>76. 11 1.13 4. 37 17. 26 .01 .32 .35 .21 Tr. . 19 .02 99. 97 

34747 B2 28 36 (“61.66 1.16 6.17 20. 85 .01 .23 .31 .26 Tr. .21 .02 9.12 100. 00 .010 
(*>67.88 1. 28 6.79 22.94 .01 .25 .34 .29 Tr. .23 .02 — 100. 03 — — 

Sample No. 

34744 
34745 
34746 
34747 

Hori¬ 
zon 

A! 
A2 
B, 
B2 

Depth 

Inches 
0- 3 
3- S 

11-28 
28-36 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 
mm) 

Per cent 
2.2 
1.1 
1.5 
1.4 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Per cent 
12.0 
10.8 
7.1 
6. 5 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Per cent 
12.6 
13.0 
7.8 
6.9 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Per cent 
19.6 
20.0 
12.7 
11.0 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Per cent 
16.3 
16.5 
11.1 
10.1 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Per cent 
28.4 
28.0 
19.2 
16.0 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Per cent 
8.7 

10.6 
40.6 
47.3 

Total 
mineral 
constit¬ 
uents 

Per cent 
99.8 

100.0 
100.0 
99.8 

' Collected by C. F. Marbut. 
2 Analyzed in the division of soil chemistry. Bureau of Soils, Dec. 8, 1917. 
3 Analyzed by L. T. Alexander. 

Sample 
No. 

Hori¬ 
zon 

Depth 

30225_ A! 

Inches 

0- 7 { 

30226. A2 8-12 [ 

30227-.- Bi 13-18 { 

30228-__ b2 19-30 { 

30229.- Ci 31-70 | 

Chemicals 

Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P2O5 SOz 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

P. ct. P.ct. P. ct. P.ct. P. ct. P. ct. P.ct . P.ct . P. ct. P.ct. P. ct. P.ct. F. ct. P. ct. P.ct. 
“93. 07 0.34 1.10 2. 27 0. 050 0. 60 0. 14 0.16 0.24 0.09 0.01 2. 07 100. 14 0.030 
*>95. 03 .35 1. 12 2. 32 .050 .61 . 14 . 16 .25 .09 .01 100. 13 
“89. 44 .44 2.07 4. 97 .030 .30 .06 .23 .30 .05 .00 2. 46 100. 35 .020 

(*•91. 71 .45 2.12 5.10 .030 .31 .06 .24 .31 .05 .00 100. 38 
r“83. 28 .53 3. 20 8. 35 .010 .60 .08 . 16 .31 .06 .00 3. 80 101. 38 .020 

*>86. 60 .55 3. 33 8. 68 .010 .62 .08 . 17 .32 .06 .00 100. 42 
“80. 08 .65 4. 00 11.35 .005 .36 .08 .20 .31 .05 .02 4. 22 101. 32 .020 
*>83. 61 .68 4. 18 11.83 .005 .38 .08 .21 .32 .05 .02 101. 37 
“79. 85 .71 3. 20 10. 42 .005 .30 .12 .25 .39 .07 .00 4. 54 99. 88 .010 
*>83. 68 .74 3. 35 10. 92 .005 .31 . 13 .26 .41 .07 .00 — 99.88 — — 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 

eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
30225_ Ai 0- 7 1.6 10.5 15.3 33.0 22.6 8.7 8.2 99.9 
30226_ A2 8-12 .9 8.7 13.4 32.3 20. 2 8.4 16. 2 100.1 
30227_ Bi 13-18 .6 6.8 11.9 36.4 10.1 8.3 25.7 99.8 
30228_ B2 19-30 .9 5.9 9.2 30. 3 16.4 7.6 29.6 99.9 
30229_ Ci 31-70 .9 6.6 8.8 27.9 15.7 8.8 31.2 99.9 
30230_ c2 71-82 2.8 13.6 14.2 22.6 11.3 9.5 26. 1 100.1 

1 Collected by Mark Baldwin. 
2 Analyzed by G. J. Hough. 
3 Analyzed by A. A. White. 

The difference in chemical composition between the A and B horizons is well 

defined. The upper part only of the C horizon is represented in the chemical composi¬ 

tion analysis. The mechanical composition analysis shows the composition of the 

soil to a depth of 82 inches. The percentage of clay below 70 inches is lower than in 

the layer from 31 to 70 inches, and the percentages of medium and coarse sand 

are about twice as high. Llorizon B extends from 13 to 30 inches. The layer 

from 31 to 70 inches is clearly part of the C horizon, according to field evidence. 

Both parts of the A horizon have low percentages of sesquioxides, a little less 

than half as much as in horizon B. The percentages in C are high also. It can not 

be determined, therefore, whether any actual accumulation has or has not taken 

place in B, but it is highly probable that it has. There can be little doubt that con¬ 

siderable loss has been suffered by Ax and A2. 

The percentages of alkalies and alkaline earths are low throughout. That of 

CaO in the Aj horizon is higher than in A2, as is usual in virgin soils throughout the 

forested part of the United States. 

The composition of soil from Greenwood, Mitchell County, Ga., identified as 

Norfolk sand, is shown in Table 66. To a depth of nearly 6 feet the percentage of 

alumina is less than 1% per cent and that of clay in the mechanical analysis is 3 per 

cent or less. Below that depth the percentage of alumina is between 4 and 5. The 

The composition of samples from an Orangeburg profile, occurring in the vicinity 

of the Marlboro profile just discussed, is shown in Table 64. The almost complete 

identity in composition with the associated Marlboro soil is very striking. Not only 

are the relative percentages similar, but the actual percentages for corresponding 

percentage of iron oxide is low also. It is apparent from a study of the profile in 

place that the sand layer to a depth of 54 inches is the product of the removal of 

clay originally present, but the underlying material does not seem to have received it. 

The percentages of alkalies and alkaline earths is very low also. 

substances and horizons are very close together. The two soils have developed from Table 66.—Composition of Norfolk sand, Greenwood, Mitchell County, Ga.1 

the same kind of material and in the same climatic and vegetative environment. 

The Marlboro profile has developed on a smooth area, the Orangeburg on a gentle 

slope but near enough to a small ravine to be thoroughly drained. Oxidation and 

probably dehydration have been more active than in the Marlboro profile. Eluvia¬ 

tion has been more effective, as would be expected, in the Marlboro soil, the separation 

of the A and B horizons being somewhat sharper and cleaner. The C horizon was 

not sampled in either case, but each soil is typical of its series. The sa ratios in B2 

for the Marlboro and Orangeburg profiles are 5.03 and 4.5, respectively, and in A2 are 

40.5 and 32.2, respectively, showing in another way the more complete removal of 

alumina from the A horizon and presumably the greater illuviation or accumulation 

of the same substance in B in the Orangeburg profile. 

Table 64.—Composition of Orangeburg sandy loam, Bennettsville, S. C.1 

Chemical2 

Sam¬ 
ple 
No. 

Hori¬ 
zon 

Depth 
Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO KaO Na20 P2O0 SO3 

Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P. cl. P.ct. P.ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. 
34740 Ai 0 bU (“87.08 1.01 0.94 3.65 0.08 0. 09 0. 01 0.14 0.10 0. 01 0. 02 6.87 100. 00 0.050 

(*>93. 50 1.08 1.01 3.92 .09 .10 .01 .15 . 11 .01 .02 100. 00 
34741 534-12L 

(“89. 04 1. 46 1. 30 4.70 .04 .04 .03 .08 . 12 .01 .03 3.15 100. 00 .010 
\*>91. 93 1. 51 1.34 4.85 .04 .04 .03 .08 .12 .01 .03 99.98 

34742 Bi 121-0-24 (“75. 85 1.54 3. 65 12.60 .03 .05 .03 .22 .12 .02 .04 5.85 100. CO .010 
(*>80. 55 1. 64 3.88 13. 38 .03 .05 .03 .23 .13 .02 .04 99.98 

34743 Ih 24 -36 
(“59. 20 1. 34 6. 66 22. 06 .03 .04 .05 .28 .12 .03 .01 19.18 100. 00 .010 
\ft65.89 1.49 7. 43 24. 54 .03 .04 .08 .31 .13 .03 .01 — 99. 96 — 

Mechanical3 

34740. 
34741. 
34742. 
34743. 

Sample No. 
Hori¬ 
zon 

Depth 

Ai 
A-2 
Bi 
B2 

Inches 
0 - 51 
5J4-121 

12L-24 
24 -36 

Fine 
gravel 
(diam¬ 
eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1-0.5 

mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Per cent 
5.2 
5.6 
6.3 
5.4 

Per cent 
21.2 
19.3 
18.9 
13.2 

Per cent 
18.3 
18.1 
15.2 
10.7 

Per cent 
19.7 
20.4 
16.6 
12.8 

Per cent 
10.8 
10.7 
9.2 
7.0 

Per cent 
16.7 
16.2 
6.6 
9.5 

Per cent 
8.1 
9.4 

27.1 
41.5 

Per cent 
100.0 
99.7 
99.9 

100.1 

1 Collected by C. F. Marbut. 
2 Analyzed in the division of soil chemistry, Bureau of Soils, Dec. 8, 1917. 
3 Analyzed by L. T. Alexander. 

Chemical2 

Sample 
No. 

30219 _ 

30220 _ 

30221 _ 

30222 _ 

30223 _ 

30224 _ 

Hori¬ 
zon 

At 

A2 

A3 

A4 

B 

C 

Depth 

Inches 

0- 4 

5- 12 

13- 24 

24- 54 

55- 84 

85-120 

Si02 

P. 
(<■96 
(*>97. 
/“ 97. 
(*>97. 
(“97. 
f*>97. 
/“97, 
\*>97. 
(“89. 
I *>91. 
(“91. 
I *>93. 

Ti02 

P. ct. 
0. 26 
.26 
.19 
.19 
.26 
.26 
.26 
.26 
.51 
.52 
.48 
.49 

Fe203 ai2o3 

P. ct. 
1.22 
1.24 
1.19 
1.20 
1.13 
1.14 
1.09 
1.10 
5. 53 
5. 66 
4.24 
4. 32 

MnO 

P.ct. 
0.010 

.010 

.010 

.010 

.004 

.004 

.004 

.004 

.004 

.004 

.005 

.005 

CaO 

P. ct. 

0 
0 

0. 06 
.06 
.07 
.07 
.03 
.03 
.07 
.07 
.72 
.73 

MgO 

P.ct. 
0. 06 
.06 
0 
0 
0 
0 
0 
0 
0 
0 
.10 
.10 

k20 

P. ct. 
0.09 
.09 
.13 
.13 
. 11 
.11 
.12 
.12 
.17 
.17 
.25 
.26 

Na20 

P. ct. 
0.07 
.07 
.06 
.06 
.06 
.06 
.05 
.06 
.08 
.08 
.28 
.29 

P2Os 

P. ct. 
0.01 
.01 
0 
0 
0 
0 
0 
0 
.03 
.03 
.07 
.07 

SO3 

P. ct. 
0.08 

08 
11 
11 
08 
08 

Igni¬ 
tion 
loss 

P. ct. 
1.75 

.81 

.60 

2. 30 

1.95 

Total 

P.ct. 
99.90 
99. 87 

100. 01 
99. 97 
99. 89 
99. 90 
99. 78 
99. 79 
99. 92 
99.98 

101.10 
101.14 

N 

P. ct. 
0.033 

.015 

~.~015 

.004 

."009" 

co2 
from 
car¬ 
bon¬ 
ates 

P. ct. 

Mechanical 4 

30219. 
30220. 
30221. 
30222. 
30223. 
30224. 

Sample No. 
Hori¬ 
zon 

Depth 
Fine 

gravel 
(diam¬ 
eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1-0.5 

mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Inches 
Ai 
Az 
A3 
A4 
B 
C 

0- 4 
5- 12 

13- 24 
24- 54 
55- 84 
85-120 

Per cent 
12.4 
9.1 
8.0 
6.9 

13.2 
9.9 

Per cent 
33.8 
32.8 
31.5 
27. 2 
27.1 
28.4 

Per cent 
17.4 
19.3 
19.8 
20.2 
16. 1 
17.8 

Per cent 
18.9 
20.9 
22.3 
24.9 
18.3 
20.2 

Per cent 
8.3 
9.1 
8.9 
1.2 
7.3 
7.6 

Per cent 
5.9 
5.1 
5.8 

15.8 
3.7 
3.4 

Per cent 
3.3 
3.6 
3.8 
3.7 

14.2 
12.6 

Total 
mineral 
constit¬ 
uents 

Per cent 
100.0 
99.9 

100.1 
99.9 
99.9 
99.9 

1 Collected by Mark Baldwin. 
2 Analyzed by G. Edgington and G. J. Hough. 
3 Trace. 
4 Analyzed by A. A. White. 

The profile of Norfolk fine sandy loam from near Thomasville, Ga., was sampled 

to a depth of 12 feet. This is the only Norfolk profile yet discussed in which an 

important thickness of the C horizon has been included. The chemical and mechani¬ 

cal composition of material from the profile are shown in Table 67. The profile 

consists of a 6-inch sandy Ai horizon containing enough organic matter to stain it 

dark, a pale-yellow A2 horizon extending to 18 inches, and a yellow or greenish-yellow 

heavier, or sandy clay, horizon extending to a depth of 48 inches. This is underlain 
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by a red horizon extending to a depth of 6 feet, which on field inspection seems to be 

lighter in texture than the overlying horizon, but the mechanical analysis shows that 

it contains little more than half as much fine sand and very fine sand as the overlying 

horizon, and the same percentage of clay. This is clearly part of horizon B. 

Table 67.—Composition of Norfolk fine sandy loam, Thomasville, Ga.1 

oxide is high throughout, that in B being entirely soluble. The percentage of soluble 

alumina is less high than of iron oxide, but in the B horizon much more than half of it is 

soluble. In both iron oxide and alumina the solubility is lower in horizon C than in B. 

Table 68.—Fe203 and Al203 dissolved in HCl (sp. gr. 1.12) digested for 10 hours on steam bath1 

NORFOLK FINE SANDY LOAM, THOMASVILLE, GA. 

Sample 
No. 

Hori¬ 
zon 

Depth 

29127_ Ai 

Inches 

0- 6 

29128_ A2 6- 18 

29129_ Bi 18- 48 

29130_ b2 48- 72 

29131_ C 72-144 

Chemical2 

Si02 

P. ct. 
“91. 74 
‘96. 28 
“92. 48 
‘94.31 
“82. 98 
‘86. 41 
“61. 94 
‘67. 08 
“74.12 
‘78. 67 

Ti02 Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P205 SOs 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

P. ct. P. ct. P. ct. P.ct. P. ct. P.ct. P. ct. P.ct. P. ct. P.ct. P.ct. P.ct. P. ct. P.ct. 
0. 44 
.46 

0.64 
.67 

1.93 
2. 03 

0. 009 
.009 

0. 32 
.34 

0. 08 
. 08 

(3) 
(3) 

0.11 

0. 05 
. 05 

0) 
(3) 

0.04 

0. 05 
.05 

4. 73 99.99 
99. 97 

0. 080 

.80 1. 45 2.87 .006 .40 .16 .52 .02 1. 94 100.80 .024 

.82 1.48 2. 93 .006 .41 .16 . 11 .53 .04 .02 100. 82 

.64 2.91 9.20 .004 .30 .16 .03 .04 .03 .03 4. 03 100. 35 .030 

.67 3.03 9. 51 .004 .31 .17 .03 .04 .03 .03 100. 30 

.44 14. 53 14. 47 (3) . 14 .10 .05 .04 . 15 .08 7.65 99. 59 .009 

.48 15. 73 15. 67 (3) . 15 . 11 .05 .04 . 16 .09 99. 56 
6.91 3. 42 15. 40 .008 . 10 .20 .30 .51 .07 .05 5. 80 100. 88 .050 
7.33 3. 63 16. 34 .008 . 11 .21 .32 .54 .07 .05 — 100. 92 — — 

Sample No. Horizon Depth 

Mechanical 4 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
29128_ A2 6- 18 0.1 1.5 4.1 50.2 28.6 8.2 7.3 100.0 
29129_ B, 18- 48 .2 1.1 3.4 42.8 20.5 6.7 25.3 100.0 
29130_ B2 48- 72 12.7 11.7 5.9 23.7 10.8 9.9 25.4 100.1 
29131_ C 72-144 .0 . 1 .2 21.6 32.1 10.6 35.4 100.1 

1 Collected by J. O. Veatch. 
2 Analyzed by G. J. Hough, S. Mattson, and G. Edgington. 
3 Trace. 
4 Analyzed by L. T. Alexander. 

The chemical composition table shows the presence in the B2 horizon of a per¬ 

centage of alumina more than 50 per cent higher than in the overlying horizon, and 

that of iron oxide is five times higher, but the percentage of clay by the mechanical 

analysis is the same in both. From 6 to 12 feet the material consists of highly varie¬ 

gated or “mottled” sandy clay with a higher percentage of clay than that of any 

horizon above. The percentage of iron oxide is much lower. 

The top of the variegated horizon corresponds possibly to the level of permanent 

ground water. The reddish layer seems to be present just above the mottled zone of 

the Norfolk soils over a wide area, but it is usually only a few inches thick. Its sig¬ 

nificance is not entirely clear, but by analogy with soils developing under similar 

relationship to ground water, especially in the Tropics, it seems possible that it may 

be interpreted as a horizon formerly occupied by ground water but below which the 

permanent level of ground water has, at a relatively recent date, sunk, due to the 

progressive development of the topographic cycle. When ground water stood higher, 

iron was accumulated at its top as hydrous oxide. Since the lowering of the ground 

water level, more complete oxidation with probably some dehydration has produced 

the reddish color. That it was formerly somewhat like, if not identical with, the 

mottled zone is indicated by the presence in the reddish mass of rather soft iron-oxide 

segregations, or imperfect concretions, similar to those in the mottled layer. 

If this be its origin, it can not be an illuviated horizon, and the presence of the 

typical Norfolk B horizon between 18 and 48 inches shows that the red horizon is not 

part of the normal B horizon, but at the same time it can not be considered a typical 

C horizon. It is more like B than C. It has a strikingly close resemblance to the 

“iron crust” of Laterite as described in standard works on geology. 

Recent work in the Tropics by members of the staff of the United States Soil 

Survey indicate very strongly that the lateritic iron crust, being a ground water 

horizon as has been shown by Campbell (3), has no necessary connection with 

Laterites. If and when developed in a Laterite the excess of iron oxide in the horizon, 

as shown by Harrassowitz (§), has come from below. There seems to be no reason 

why it should not have its source in the overlying horizon also if the soil profile be 

podzolic. In the Thomasville soil the low content of iron oxide in the mottled zone 

below a depth of 6 feet, strongly suggests that some of the iron for the accumulation 

zone has come from below and that the same process lias been active here as in the 

ground-water Laterites. The podzolic character of the solum suggests the possi¬ 

bility of an overlying source also for some of it, but the fact so abundantly demon¬ 

strated by chemical analyses in this report that the podzolic iron oxide may be 

removed entirely from the soil makes the apparent support of this possibility, by 

reason of the low content of iron in the solum, doubtful. It seems to have suffered 

more loss of sesquioxides than to have profited by illuviation. The percentage of 

alumina increases downward. 

The comparatively slight extent of profile development even in soil material where 

eluviation would seem to be rapid, suggests that its lack in these two samples is due, 

possibly, to the “subserial” development of this Norfolk soil (18). This possible 

development, not on an old surface like that on which the Tifton soils have developed 

but on a new surface recently exposed by erosion, may explain the slight profile 

development. Some profile development has taken place, the profile being of exactly 

the same podzolic type as that of the Tifton soils. 

The suggestion is based on preliminary studies of the last year or two. The possi¬ 

bility that the Carolina Norfolk soil may be somewhat different from that of Georgia 

is a recently acquired point of view, and sufficient time has not yet elapsed to deter¬ 

mine whether this is confirmed by the prevailing characteristics of the Georgia 

Norfolk soil. From the practical point of view the differences supposed to exist are 

wholly unimportant. 

Sample No. 
Hori¬ 
zon 

Depth 

Fe203 AI2O3 

Quantity 
soluble 

Quantity 
present 

Percent¬ 
age of 

substance 
soluble 

Quantity 
soluble 

Quantity 
present 

Percent¬ 
age of 

substance 
soluble 

Inches Per cent Per cent Per cent Per cent Per cent Per cent 
29128__ A2 6- 18 0. 65 1.48 44 1. 69 2.93 57 
29129__ Bi 18- 48 2.85 3.03 94 7. 02 9. 58 73 
29130_ b2 48- 72 15.29 15.73 97 9. 95 15. 67 63 
29131_ __ C 72-180 2. 30 3. 63 63 6. 91 16. 34 42 

COLLINGTON LOAM, PRINCE GEORGES COUNTY, MD. 

29677__ . Ai 1-12 2.49 2. 96 84 1.23 4. 75 27 
29678_ A2 13-18 3. 52 4. 36 80 1. 53 3.60 42 
29679_ B 18-40 7.98 9. 73 82 2.52 5. 36 47 
29680 ____ . 
29681 _ __ _ } ° 40-50 10. 35 12.50 83 2.48 3.14 78 

A PODZOL, CLOQUET, MINN. 

321426_ 1 0- 2 1.48 2.37 62 1.72 8. 83 
321427.__ _ 2 3- 8 3.53 4.48 79 2. 57 9. 61 
321428__ 3 9-14 4.58 5. 32 82 3. 44 11.16 
321429_ . 4 15-36 4. 82 3. 69 

1 Analysis by G. Edgington. Percentages calculated on weight of sample dried at 110° C. 

The significance of these figures becomes clear when they are compared with those 

obtained by treating soils of the other great groups in the same way. Only one result 

from a Gray-Brown Podzolic soil and one from a Podzol are available. The result 

from the Gray-Brown Podzolic soil was obtained from Collington loam, a coastal- 

plain soil. Results obtained from soils from residual material in both the Gray-Brown 

Podzolic region and that of the Red and Yellow soils, such as the Chester from the 

former and the Cecil from the latter, would have been better but they are not available. 

Table 68 shows that the solubility of iron oxide in the Collington sample is high, 

but that not ad was dissolved. In this soil (a loam) the percentage of soluble iron 

oxide was almost uniformly the same throughout the profile. The percentage of 

soluble alumina is less than that in the Norfolk soil. The Norfolk soil was sampled to 

greater depth than the Codington, and in the deepest layer the solubility of alumina 

is less than in the deepest layer of the Codington soil sampled. At comparable depths, 

down to 40 inches, the solubility in the Norfolk sod is highest. The solubility of 

both constituents in the Podzol is low and that of alumina very low. That of the iron 

oxide in horizon B is about the same as in the corresponding horizon of Codington 

loam. 

A sample of Norfolk sandy loam from Dothan, Houston County, Ala., in the south¬ 

east corner of the State, the composition of which is shown in Table 69, shows essen¬ 

tially the same type of profile and degree of development as the samples from Georgia. 

The percentages of alkalies and alkaline earths are low, being but little above a trace. 

This sample shows the usual features of the Norfolk profile without specific evidence 

of the accumulation of clay in the B horizon but clear evidence of its removal from A. 

Table 69.—Composition of Norfolk sandy loam, Dothan, Houston County, Ala.1 

Depth 

Chemical2 

Si02 Ti02 Fe20s AI2O3 MnO CaO MgO K20 Na20 P205 so3 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P. ct. P. ct. P.ct. P.ct. P.ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P.ct. P. ct. 
/“91.23 0. 40 0. 48 3. 81 0.015 Tr. Tr. 0.10 0.15 0.02 0. 02 3. 88 luO. 11 0. 025 
t‘94. 90 .42 .50 3. 96 .016 Tr. Tr. .10 .16 .02 .02 1U0.10 
(“91.94 .43 .58 4. 65 .012 Tr. Tr. .08 .17 .02 .03 2. 56 100. 47 .002 
\ m. 33 .44 .60 4. 77 .012 Tr. Tr. .08 . 17 .02 .03 100. 45 
(“85.18 .60 1.14 9. 06 .008 Tr. Tr. .13 . 19 .01 .03 3. 65 100.00 .008 
\‘88. 38 .62 1.18 9.40 .008 Tr. Tr. .13 .20 .01 .03 99. 96 

1 “82. 06 .56 1.17 11.58 .003 Tr. Tr. .09 .17 .01 .05 4.26 99. 95 .004 
(‘85. 69 .58 1.22 12.09 .003 Tr. Tr. .09 . 18 .01 .05 99.91 
(“81. 96 .66 1. 25 11.67 .008 Tr. Tr. .09 .16 .02 .02 4. 17 100. 01 .002 
(‘85. 50 .69 1.30 12.17 .008 Tr. Tr. .09 .17 .02 .02 — 99. 97 — 

Sample 
No. 

Hori¬ 
zon 

32333_ 

32334.. .. 

32336-6.. 

32337.. .. 

32338_ 

Ai 

A2 

B, 

B2 

C 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 
mm) 

Medium 
sand 

(diameter 
0.5-0.25 

mm) 

Fine 
sand 

(diameter 
0.25-0.1 

mm) 

Very fine 
sand 

(diameter 
0.1-0.05 

mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
32333_ Ai 0- 6 2.6 14.9 19.1 31.3 13.4 8.8 9.8 99.9 
32334_ A2 7-10 2.4 12.3 18.1 34.1 11.6 8.4 13. 2 100.1 
32335-6_ Bi 11-37 3.3 12.8 16.1 26.8 9.9 7.1 23.8 99.8 
32337_ b2 38-49 1.9 13.9 20. 6 25. 6 4.9 2.5 30.6 100.0 
32338_ C 50-80 2.3 10.4 12.4 25.7 12.1 5.9 31.3 100.1 

1 Collected by Mark Baldwin and E. D. Fowler. 
3 Analyzed by G. Edgington. 
3 Analyzed by L. T. Alexander. 

The general characteristics of the soils of the Tifton series, described on page 41, 

ally them to the Norfolk soils. They are closely associated with the latter in Georgia. 

Such studies as have been carried on indicate that they are closely related in character 

and origin to what have been defined here as true Norfolk soils, such as those of the 

Carolinas. They seem to have passed through a Norfolk stage in their development, 

their most striking characteristics being due, apparently, to having passed to a 

more advanced stage of development than that represented by the true Norfolk 

soils. 

In respect to the other features of the profile, such as the very low percentage of 

alkalies and alkaline earths and high percentage of silica present, this soil is like the 

Norfolk soils already described. 

The composition of the colloid in the Norfolk soils of Georgia has not been 

The composition of samples from a profile of Tifton fine sandy loam from Car¬ 

negie, Randolph County, Ga., is shown in Table 70. The A horizon is 10 inches 

thick, the B extends from 10 to 48 inches, and the C lies below this depth. The 

relative percentages of silica and the sesquioxides in the A and B horizons show the 

determined by the American method of extracting the colloid and analyzing it. No usual relationships found in podzolic profiles. The Ai horizon contains a little less 

attempt has been made to determine its composition by digestion with HCl and an 

analysis of the dissolved portion, the method used rather extensively in Europe. The 

percentage of Fe203 and A1203 soluble in HCl (sp. gr. 1.12) after digestion is shown in 

the data presented in the Norfolk profile in Table 68. The percentage of soluble iron 

than 3 per cent of organic matter, the percentages of sesquioxides are low, and of 

silica high. Bt contains about 2 per cent of organic matter, more than that contained 

in A2, an accumulation of organic matter very rare in the Gray-Brown Podzolic or in 

the Red and Yellow soils but characteristic of the Podzols. 

i 
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Table 70.—Composition of Tifton fine sandy loam, Carnegie, Randolph County, Gad 

Sample 
No. 

Hori¬ 
zon 

Depth 

32300_ Ai 

Inches 

0- 3 

32301_ A2 4-10 

32302_ Bi 11-32 

32303 B2 33-48 

32304_ C 49-60 

Chemical2 

Si02 Ti02 Fe20 AI2O3 M11O CaO MgO K20 Na20 P2Os SOs 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

P. ct. P.ct. P. ct. P. ct. P. ct. P .ct. P. ct. P. ct. P .ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. 

/«86. 88 0.35 0. 93 3.18 0.040 0.12 0. 01 Tr. 0. 34 0.10 0.23 7. 39 99. 57 0.136 — 

ib93. 80 .38 1.00 3. 43 .050 .13 .01 Tr. .37 . 11 . 24 — 99. 52 — — 

f«91. 76 .40 .92 3. 50 .032 Tr. .06 Tr. .30 .06 .05 2.53 99.61 . 028 — 

\&94.13 .41 .94 3.59 .033 Tr. .06 Tr. .31 .06 .05 — 99. 58 — — 

/«64. 45 1.02 5.51 20.28 .004 .20 . 13 0.44 .35 . 11 .07 8.87 101.43 . 100 — 

\b70. 70 1.12 6. 04 22. 22 .004 .22 . 14 .48 .38 .12 .08 — 101. 50 — — 

J«64. 44 1.19 5. 67 20.08 .004 .18 .08 .42 .44 .16 .05 8.40 101.11 .008 — 

\b70. 35 1.30 6.19 21. 91 .004 .20 .09 .46 .48 .17 .05 — 101.20 — — 

f *66. 64 1.02 7. 60 17. 01 .004 .20 .07 .39 .42 .17 . 10 7.15 100.77 . 002 

t‘71.75 1.10 8.18 18. 32 .004 .22 .08 .42 .45 .18 . 11 100. 81 

Sample No. 

32300. 
32302. 
32303. 
32304. 

Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 
mm) 

Medium 
sand 

(diameter 
0.5-0.25 

mm) 

Fine 
sand 

(diameter 
0.25-0.1 

mm) 

Very fine 
sand 

(diameter 
0.1-0.05 
mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Total 
mineral 
constit¬ 
uents 

Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

0- 3 2.4 8.5 7.3 40.6 17.4 10.1 13.7 100. 0 

11-32 1.0 4.0 3.5 18.7 11.0 21.4 40.4 100.0 

33-48 .9 5.6 4.2 18.7 10.7 11.3 48.5 99.9 

49-60 1.2 7.2 5.3 21.9 10.9 9.4 44.2 100.1 

1 Collected by Mark Baldwin and E. D. Fowler. 
2 Analyzed by G. J. Hough. 
2 Analyzed by J. B. Spencer. 

The percentage of alumina in Bx is very high compared with that in A and higher 

than in C. The percentage of iron oxide is highest in C. This is a feature charac¬ 

teristic of the usual chemical analysis of Tif ton soils, not appearing in other soils as 

a constant relationship. If all the iron oxide in the A and B horizons were deter¬ 

mined, however, this would not be the case even in the Tifton soils. 

The iron oxide in the horizons of Tifton soils is present in comparatively large 

quantities, however, but a large part of it is present in the form of indurated bodies, 

consisting of fragments of clay ironstone in part but containing some concretions. 

In preparing the sample for chemical analysis these bodies are usually sifted out as 

“gravel.” In the C horizon these bodies are usually not indurated, so that in pre¬ 

paring the samples for analysis they are crushed in the mortar and no material is 

lost by sifting. 
No conclusions can be drawn, therefore, from the usual analyses regarding the 

accumulation of iron oxide in the B horizon over that in C. The actual content of 

iron oxide, including that in the indurated bodies in both the B and C horizons, has 

been shown by Fowler (5). 
According to analyses made by Edgington, in the laboratories of the Bureau of 

Chemistry and Soils, of samples collected by Fowler, the actual percentage of iron 

oxide in the B horizon of a typical Tifton fine sandy loam is 23.62 and that in the C 

horizon between depths of 46 and 110 inches is a little less than 4.5 per cent. 

The percentage of alkalies and alkaline earths is low, and that of P2O5 is low but 

not proportionally so. 
The several ratios and the molecular equivalent composition in Si02, Fe203, 

A1203 and the total alkalies and alkaline earths are shown in Table 71. 

Table 71.— Tifton fine sandy loam, Carnegie, Randolph County, Ga. 

Sample No. 
Hori¬ 
zon 

Depth 
in 

inches 

Ratios Molecular equivalent composition 

sa sf ba Si02. Fe2C>3 A12Os 

Alkalies 
and 

alkaline 
earths 

392m __ _ _ _ _ _ . a2 
Bi 
C 

4-10 
11-32 
49-60 

44. 60 
5.41 
6.66 

265. 36 
31.20 
23.24 

0.1421 
.0690 
.0870 

15.5 
11.7 
11.9 

0. 0058 
.0378 
.0512 

0.035 
.217 
.180 

0.0050 
.0148 
.0153 32302 - -__ 

39304 __- — 

Since an important part of the iron oxide of the A and. B horizons was not 

included, the sf ratios, or the relative molecular composition in iron oxide, are not 

significant. 
The molecular proportions of silica in the Bi and C horizons are nearly the same, 

the number in C being less than 2 per cent larger, but the number in A increases 

because of the high quartz content. The same relationship of B and C in Si02 was 

found in the Norfolk. This is to be expected because of the absence of decomposable 

silicates in the material. The proportional molecular content of alumina in B, is 

20 per cent higher than in C. Since the content of feldspar here, as in the coastal- 

plain deposits elsewhere, is practically nil, this increase must be ascribed to illuvia¬ 

tion. The number in A2 is only 20 per cent of the number in C, an apparent loss of 

80 per cent. The proportional loss from A is greater than the gain in B, but the 

thickness of Bi and B2 combined, both of which are similar in composition, is nearly 

four times as great as the combined A. A possible change in volume of A makes 

any conclusion as to a loss from the profile as a whole, doubtful. 
Notwithstanding a greater amount of alumina in ifi than in C the propoitional 

number of molecules of all alkalies and alkaline earths is slightly less in B, than in 

C, but the number in A is much smaller, probably owing to eluviation rather than to 

leaching. . 
The composition of a profile of Tifton sandy loam from Ocilla, Irwm County, 

Ga., is shown in Table 72. The soil is typical well-developed Tifton with a C 

horizon, showing an apparent accumulation of both iron oxide and alumina in hoiizon 

B. The percentages of these constituents in At and A2 are low, and those of the alka¬ 

lies and alkaline earths are very low throughout, that of C-aO constituting merely 

a trace. Nothing in the composition table or in the natural profile suggests any 

significant difference in character of the original geological material between the 

surface and the bottom of the profile, a depth of about 6 feet. 

Sample 
No. 

Hori¬ 
zon 

Depth 

32340_ Ai 

Inches 

3-10 

32341_ A2 11-22 

32342_ A3 22-36 

32343_ B 37-54 

32344_ C 55-70 

Table 72 ,—Composition of Tifton sandy loam, Ocilla, Irwin County, Ga.1 

Chemical2 

Si02 

P. ct. 
(“92.09 
\»94. 01 
f«79. 67 
\b83. 66 
J“73. 40 
\ *78. 29 
J“52.14 
\‘58. 37 
f«62. 36 
1‘67.61 

Ti02 

.72 
1. 34 
1.50 
1.01 
1. 09 

Fe2Os 

P. ct. 
1.15 
1.17 
3.47 
3.64 
4. 93 
5.23 
9. 92 

11.10 
8.97 
9. 72 

ai2o3 

P. ct. 
3. 71 
3. 79 

11. 39 
11.97 
14.70 
15.67 
25.24 
28. 25 
19.45 
21. 08 

MnO 

P. ct. 
0. 029 
.030 
.010 
.010 
.013 
.014 
Tr 
Tr 
.008 
.009 

CaO MgO K20 Na20 P205 SOs 
Igni¬ 
tion 
loss 

P.ct. 
2.06 

4. 77 

6.15 

10. 65 

~7.~77 

Total 

P. c 
99.84 
99.81 

100. 34 
100. 37 
100. 40 
100. 49 
100. 54 
100. 62 
100. 74 
100. 80 

N 

C02 
from 
car¬ 
bon¬ 
ates 

P.ct. 

Sample No. 

32340. 
32341. 
32342. 
32343. 
32344. 

Hori¬ 
zon 

Depth 

Inches 
3-10 

11-22 
22-36 
37-54 
55-70 

Mechanical3 

Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 
mm) 

Medium 
sand 

(diameter 
0.5-0.25 

mm) 

Fine 
sand 

(diameter 
0.25-0.1 

mm) 

Very fine 
sand 

(diameter 
0.1-0.05 

mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Total 
mineral 
constit¬ 
uents 

Per cent 
4.1 
2.3 
1.6 
.4 

2.6 

Per cent 
18.6 
13.7 
10.8 
3.9 
6.2 

Per cent 
9.0 
8.6 
5.8 
2.6 
3.4 

Per cent 
24.4 
20.3 
15.4 
6.6 

14.8 

Per cent 
4.4 
4.6 
6.3 
3.0 

10.0 

Per cent 
32.2 
26.6 
23.7 
25.7 
18.6 

Per cent 
7.0 

23.8 
36.4 
57.7 
44.5 

Per cent 
99.7 
99.9 

100.0 
99.9 

100.1 

1 Collected by Mark Baldwin and E. D. Fowler. 
2 Analyzed by G. Edgington and G. J. Hough. 
3 Analyzed by J. B. Spencer. 

The several ratios and molecular equivalent composition are shown in Table 73. 

Table 73.—Tifton sandy loam, Ocilla, Irwin County, Ga. 

Sample No. 
Hori- Depth in 

Ratios 
Molecular equivalent com¬ 

position 

zon inches 

sa sf ba Si02 Fe203 AI2O3 

A2 11-22 n.88 60. 0S 
13. 93 
18.42 

0.036 1. 387 0.0221 
.0695 
.0608 

0.1171 
.2763 
.2062 B 37-54 3. 51 

32344_ C 55-70 5.45 

The sa ratios show well-defined accumulation of alumina in B if the parent 

material is uniform throughout the profile. Assuming no higher percentage of silica 

in the geological material of B than of C, alumina has accumulated to about 30 per 

cent more than is present in C. The amount in A is very small as is shown by the 

complete analysis. Iron oxide has increased in B also, but the percentage of increase 

is not so great as that of alumina. The total amount present in both B and C is large. 

The composition of material from a profile of Tifton sandy loam from Ellenton 

in Colquitt County, Ga., in which the upper part of the A horizon was not analyzed, 

is shown in Table 74. 

Table 74.- -Composition of Tifton sandy loam, Ellenton, Colquitt County, Gal 

Sample 
No. 

34035 

34036--. 

34038--- 

Hori- 
zon 

Depth 

Inches 

6-26 

26-42 

52-80 

Chemical2 

Si02 

P. ct. 
J“89. 78 
l‘91.58 
/«77.88 
\‘81. 40 
f-83. 53 
I "86. 70 

Ti02 Fe203 

P.ct. 
3.36 
3.43 
7.01 
7.33 
2.09 
2.17 

Al203 

P.ct. 
3.46 
3.53 
9.46 
9.88 
9. 40 
9. 75 

MnO 

P. ct. 
0.004 
.004 
Tr. 
Tr. 
Tr. 
Tr. 

CaO MgO K20 Na20 P205 

P.ct. 
0.03 
.03 
.05 
.05 
.03 
.03 

SOs 

P.ct. 
0.01 
.01 
.00 
.00 
.00 
.00 

Igni¬ 
tion 
loss 

P.ct. 
1.97 

Total 

P. ct. 
99. 45 
99. 42 

100. 03 
100. 03 
99.89 
99. 84 

N 

P. ct. 
0. 008 

C02 
from 
car¬ 
bon¬ 
ates 

P. ct. 

Mechanical3 

Sample No. 
Hori¬ 
zon 

Depth Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 mm) 

Medium 
sand 

(diameter 
0.5-0.25 

mm) 

Fine 
sand 

(diameter 
0.25-0.1 

mm) 

Very fine 
sand 

(diameter 
0.1-0.05 

mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 

0.005- 
0.000 mm) 

Total 
mineral 
constit¬ 
uents 

34035 __- -- A 
Inches 

6-26 
Per cent 

6.1 
Per cent 

19.7 
16.5 

Per cent 
20.5 
15.0 
26.6 

Per cent 
26.5 

Per cent 
12. 5 

Per cent 
7.5 
5.1 

Per cent 
7.2 

24.8 
25.6 

Per cent 
100. 0 
100.0 
100.0 B 26-42 8.8 

24038 _ C 52-80 3.6 25. 3 

1 Collected by E. D. Fowler. 
2 Analyzed by G. J. Hough. 
3 Analyzed by L. T. Alexander. 

This soil is identified as a deep phase of the sandy loam, the phase designation 

referring to the thick 26-inch A horizon containing only 3.5 per cent of alumina and 

about the same percentage of iron oxide. The percentage of iron oxide in C is only 

a third that in B. That in B is high, partly because in this sample the total iron, 

including that in the concretions, was determined. The percentage in C below the 

upper foot or two is lower than in the upper part, which is a zone of concentration, 

and as profile development moves downward and the uppei part of any pieexisting 

C horizon becomes incorporated in the lower part of B, the latter acquires an excess 

of iron oxide. The layer in the Colquitt County sample, extending from 52 to 80 

inches, passes into the C horizon below the zone of iron oxide concentration. 

The percentage of alumina in A is low. Those in B and C are almost the same, 

but moderately high. The B horizon in this soil, with a high percentage and an 

evident accumulation of iron oxide and a moderate percentage of alumina without an 

apparent accumulation, is like the sample of Tifton soil from Carnegie, Ga., and those 

samples of the Norfolk soils in which the presence of material from horizon C allowed 

a comparison between B and C. 
The percentages of alkalies and alkaline earths are all extremely low, in harmony 

with the yellow sandy soils generally. 
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The composition of material from a profile of Tifton sandy loam more sandy than 

the profiles already examined is shown in Table 75. 

Table 75.—Composition of Tifton sandy loam, Meigs, Ga.1 

Chemical2 

Sample 
No. 

Hori¬ 
zon 

Depth 

Si02 Ti02 Fe203 A1203 MnO CaO MgO K20 Na20 P2Os S03 
Igni¬ 
tion 
loss 

Total N 

Inches P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. 
20921 Ai 0- 4 (“91.81 0.38 1.12 1.98 0. 016 0. 34 0.16 0.15 0.19 0.03 0.04 4.47 100. 68 0.100 

\f>96.11 .40 1.17 2. 07 .017 .36 .17 .16 .20 .03 .04 100. 73 
20929 b—11 (“94. 01 .38 1.43 2. 80 .006 .30 .08 . 16 . 10 .02 .02 1. 62 100. 92 .020 

\ft95. 58 .39 1.45 2. 85 .006 .30 .08 .16 .10 .02 .02 100. 96 

20222 Bi 12-18 r»79. n .60 3. 04 11.77 .005 .40 .13 . 16 .24 .04 .04 4.00 99. 53 .030 
\482. 41 .62 3.17 12. 26 .005 .42 .14 .17 .25 .04 .04 99. 53 

20224 b2 IQ 22 (“77. 26 .72 4.50 12. 27 .005 .34 . 18 .20 .30 .07 .03 5. 60 101. 47 .034 
\ »81.82 .76 4. 76 12.99 .005 .36 . 19 .21 .32 .07 .03 101. 52 

2022b c 24 2Q [“76. 94 .66 5. 77 11. 64 .003 .36 .11 . 19 .24 .08 .06 5.18 101. 23 .020 
\‘81.12 .70 6.08 12.27 .003 .38 .12 .20 .25 .08 .06 — 101. 26 — 

C02 
from 
car¬ 
bon¬ 
ates 

P. ct. 

Sample No. 
Hori¬ 
zon Depth 

Mechanical3 

Fine 
gravel 

[diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 
mm) 

Medium 
sand 

(diameter 
0.5-0.25 
mm) 

Fine 
sand 

(diameter 
0.25-0.1 
mm) 

Very fine 
sand 

(diameter 
0.1-0.05 
mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
30231_ Ai 0- 4 10.5 25.1 18.3 19.9 11.6 7.4 7.0 99.8 
30232_ a2 5-11 6.6 24.4 17.8 21.6 12.5 7.9 9.2 100.0 
30233_ Bi 12-18 6.1 19.0 14.8 19.1 10.7 7.3 23.0 100.0 
30234_ b2 19-33 12.5 22.2 12.4 12.0 6.3 4.5 30.1 100.0 
30235__ c 34-39 3.7 16.4 12.8 15.1 9.5 6.1 36.2 99.8 

i Collected by Mark Baldwin. 2 Analyzed by G. J. Hough. 2 Analyzed by L. T. Alexander. 

The high percentage of iron oxide in the horizon designated as C suggests that 

only the top of this horizon has been reached. As will be shown the iron oxide in 

horizon C of the Tifton soils is lower than that in B, but it has already been stated 

Table 77.—Composition of Norfolk fine sand, Ocean City, Flagler County, Fla.—Continued. 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 
mm) 

Medium 
sand 

(diameter 
0.5-0.25 
mm) 

Fine 
sand 

(diameter 
0.25-0.1 
mm) 

Very fine 
sand 

(diameter 
0.1-0.05 
mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
30197_ A, 0- 2 0.3 1.4 5.7 86.8 3.3 1.0 1.5 100.0 
30198_ a2 3- 7 0 1.1 4.6 86.8 5.3 .7 1.5 100.0 
30199_ Bi 8-22 0 .9 4.5 86.0 4.7 .9 2.9 99.9 
30200_ b2 23-32 . 1 .8 3.5 86.6 5.4 .4 3.1 99.9 
30201_ C 33-54 0 1.0 3.8 85.8 5.9 .8 2.5 99.8 

3 Analyzed by L. T. Alexander. 

A sample of Dade fine sandy loam from 6 miles east of Naples, Collier County, 

Fla., has the general physical characteristics of the Norfolk soils but has developed 

from sandy calcareous material. The material between depths of 30 and 40 inches 

effervesces freely in hydrochloric acid. In other respects it is Norfolk sand, of the 

Florida phase of that series. The composition is shown in Table 78. 

Table 78.—Composition of Dade fine sandy loam, Naples, Collier County, Fla.1 

Sample 
No. 

Hori¬ 
zon Depth 

Chemical 2 

Si02 Ti02 Fe2C>3 A1203 MnO CaO MgO K20 Na20 p2o5 S03 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P. ct. P.ct. P. ct. P.ct. P. ct. P.ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P.ct. 
2Rbbfi Ai O- 2 /«98. 08 0.14 0.07 0.42 0.003 0.17 0.040 0.10 0.05 0.01 0.05 1.09 100. 22 0.030 

t‘99.16 .14 .07 .43 .003 .17 .040 .10 .05 .01 .05 100.19 

28557 3-30 (“96.80 .66 .64 .86 .003 .20 .004 .12 .15 .05 .07 .50 100.05 .000 
\‘97. 23 .66 .64 .86 .003 .20 .004 .12 . 15 .05 .07 100. 01 

28558 B 30-40 (“93. 05 . 16 1. 67 1.37 .003 1.94 .030 .11 .03 .01 .01 2.11 100.49 .020 
1‘95. 05 . 16 1. 71 1. 40 .003 1.98 .030 .11 .03 .01 .01 — 100. 51 — - 

that the total amount of this constituent in the B horizon of these soils is not shown, Mechanical3 

though that in C is all shown, as a rule, since it is not present in the form of hard 

pellets or fragments. In this sample, the top of horizon C, where the iron oxide had 

accunmlated at the level of the (theoretical) ancient ground water level but had not 

yet been brought near enough to the surface by erosion to cause consolidation or 

induration, a large part of the iron oxide was crushed and analyzed. The hardened 

fragments in horizon B, however, were discarded as “gravel.” The percentages of 

alumina in B and C are almost identical. 

Horizon A has lost heavily of alumina and of iron oxide. Alkalies and alkaline 

earths are present in the usual small percentages. 

28556. 
28557. 
28558. 

Sample No. 
Hori¬ 
zon 

Depth 

Inches 
Ai 
A2 
B 

0- 3 
3-30 

30-40 

Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 
mm) 

Medium 
sand 

(diameter 
0.5-0.25 
mm) 

Fine 
sand 

(diameter 
0.25-0.1 
mm) 

Very fine 
sand 

(diameter 
0.1-0.05 
mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Total 
mineral 
constit¬ 
uents 

Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
0.2 4.4 9.4 83.6 1.6 0.7 0.3 100.2 
.1 6. 6 10.2 79.8 2.6 .2 .4 99.9 
.2 5.6 9.2 75.4 3.0 2.2 4.4 100.0 

1 Collected by J. O. Veatch. 
2 Analyzed by R. S. Holmes, G. Edgington, and S. Mattson. 
3 Analyzed by A. A. White. 

The mechanical analysis table shows a higher percentage of clay in C than in B. 

In some analyses made to determine the total amount of iron oxide in Tifton 
COMPOSITION OF ORANGEBURG AND GREENVILLE SOILS 

soils, including that in the concretions and fragments, the percentage in the B horizon 

of a sample from Mitchell County, Ga., was 23.6, and the total percentage in C 

ranged a little above 3. In another sample from the same county the percentage in 

B was 6.9, and that in C was 4.4. 

The general features of the soils of Florida have been described on page 42. The 

composition of samples of Norfolk fine sand from a profile at Dade City on the western 

side of the central Florida sandy ridge is shown in Table 76. No discussion is neces¬ 

sary. The chemical and mechanical composition are consistent, showing a low 

percentage of all constituents except sand. 

Table 76.—Composition of Norfolk fine sand, Dade City, Fla.1 

Chemical2 

Sample 
No. 

29060 _ 

29061 - 

29062 _ 

Hori¬ 
zon 

A 

Bi 

B2 

Depth 
Igni- 

Si02 Ti02 Fe2U3 A1203 MnO CaO MgO K20 Na20 f2o5 S03 tion Total N 
loss 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. cl. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. 

0-10 
(“91.49 0. 50 1. 75 4. 51 0.007 0. 01 0. 02 0.16 Tr. 0.05 0.05 1.83 100. 37 0.020 
\‘93. 19 .51 1. 78 4. 59 .007 .01 .02 .16 Tr. .05 .05 100. 37 

10-20 
(“92. 37 .22 .64 2. 92 .006 .20 Tr. .16 Tr. 1. 20 .03 2. 56 100. 31 .020 
1‘94. 79 .23 .66 3.00 .006 .20 Tr. . 16 Tr. 1. 23 .03 100. 36 

20-60 
(“92. 86 .27 .67 2.90 .006 . 11 Tr. .07 0. 06 .86 .06 2.19 100. 06 .020 
[ ‘94. 92 .28 .68 2.96 .006 .11 Tr. .07 .06 .89 .06 — 100. 04 

C02 
from 

car¬ 
bon¬ 
ates 

P. ct. 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 
mm) 

Medium 
sand 

(diameter 
0.5-0.25 
mm) 

Fine 
sand 

(diameter 
0.25-0.1 

mm) 

Very fine 
sand 

(diameter 
0.1-0.05 
mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Tota 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
29060_ A 0-10 0.1 3.4 7.4 75.2 5.8 1.8 6.4 100.1 
29061_ Bi 10-20 .3 2.6 6.7 71.6 10. 2 2.1 6.4 99.9 
29062_ b2 20-60 .2 4.0 9.6 76.6 3.6 1.8 4.2 100.0 

1 Collected by J. O. Veatch. 
2 Analyzed by G. Edgington, S. Mattson, and I. A. Denison. 
3 Analyzed by A. A. White. 

Another sample of what has been mapped as Norfolk fine sand from Flagler 

County, Fla. (Table 77), contains only 2 per cent of alumina and less than 1 per 
cent of iron oxide. 

Table 77.—Composition of Norfolk fine sand, Ocean City, Flagler County, Fla.1 

Chemical2 

Sample 
No. 

Hori¬ 
zon 

Depth 
Si02 Ti02 Fe2C>3 

Igni- 
C02 
from 

Al203 MnO CaO MgO K20 Na20 F2O5 SOs tion Total N car- 
loss bon- 

ates 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 

30197_ Ai 0- 2 f “95.19 0. 74 0. 58 1. 37 0. 028 0.02 0. 0L 0.16 0. 21 0. 01 0.04 1. 55 99. 91 0.043 
[‘96. 66 .75 .59 1. 39 .028 .02 .01 .16 .21 .01 .04 99. 87 

30198_ a2 8 7 (“96. 68 .67 .55 1.37 .016 .16 Tr. .14 .21 Tr. .04 .37 100. 21 .009 
\ ‘97. 04 .67 .55 1.37 .016 . 16 Tr. .14 .21 Tr. .04 100. 20 

30199_ Bi 8-22 
(“94. 79 .68 .80 1.94 .017 .17 Tr. .18 .22 . 13 .04 .92 99. 89 .027 
\‘95. 67 .69 .81 1.96 .017 . 17 Tr. .18 .22 .13 .04 99. 89 

30200_ b2 23-32 (“95. 32 .67 .74 2.02 .016 .15 Tr. .16 .22 .08 .03 .67 100. 08 .009 
[‘95. 94 .67 .74 2.03 .016 .15 Tr. .16 .22 .08 .03 100. 04 

30201_ C 33-54 >95.04 .72 .73 1.98 .017 . 17 Tr. .19 .20 .07 .02 .59 99. 73 .007 
[‘95. 59 .72 .73 1. 99 .017 . 17 Tr. .19 .20 .07 .02 — 99. 70 — 

1 Collected by Mark Baldwin. 2 Analyzed by G. Edgington. 

The composition of a profile of an Orangeburg sandy loam from Bennettsville, 

S. C., was discussed briefly on page 48. The Red soils of the coastal plain, of which 

the Orangeburg is one of the most characteristic, occur to only a very slight extent 

in the Carolinas. In Georgia typical Orangeburg soils occur in large areas and in 

characteristic development. Their distribution and geographic relationships have 

already been described. 

Several series of soils belonging to the Orangeburg group have been differentiated. 

The two principal members are the Orangeburg and Greenville series. The former 

consists of soils from rather sandy material in which a profile seemingly normal to the 

environment has developed, consisting of a light-colored very sandy A horizon and a 

heavier, usually sandy clay, bright-red B horizon, which is underlain by reddish well- 

drained material lighter in texture than that in B. The chemical composition of 

material from the A and B horizons of a profile from Lauderdale County, Miss., 

together with that of colloid extracted from the B horizon, is shown in Table 79. The 

percentage of iron oxide even in B is low, but the color is red. Alumina is low through¬ 

out but considerably higher in B than in A. The percentage of alkalies and alkaline 

earths is low throughout. The percentage of colloid extracted by the method 

employed is nearly four times as much in B as in A. The sa ratio in the colloid is 

almost exactly 2, indicating that the lateritic stage of elimination of silicate silica 
has almost been reached. 

Table 79.—Chemical composition of Orangeburg fine sandy loam, Lauderdale County, Miss1 2 

Horizon Depth Si02 Ti02 Fe2(>3 A1203 MnO CaO MgO K20 Na20 P2O0 S03 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

Inches P .ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 

A 0-10 
(“93. 66 0.50 0. 93 2. 57 0. 64 0.16 0. 06 0. 45 0.15 0.03 0.09 1. 53 100. 77 0.030 
\695.11 . 50 .94 2. 60 .64 .16 .06 .45 .15 .03 .09 100. 73 
(“87.61 .52 2. 41 6. 30 .266 .26 .14 .37 .35 .08 .03 2.48 100.82 .030 

B 10-3fi I ‘89. 84 .53 2. 47 6. 45 .272 .27 . 14 .38 .35 .08 .03 100.81 
| “40. 35 .44 10.08 33. 27 .595 .45 .67 .81 .29 .17 .09 13. 60 100.91 .250 
[<*46. 70 .51 11.66 38. 50 .680 .52 .72 .94 .33 .20 . 10 100. 80 — 

1 Collected by H. H. Bennett. 
2 Analyzed by W. O. Robinson and R. S. Holmes. 

Greenville soils, the red to reddish soils associated with the Orangeburg, and 

derived from less sandy but otherwise similar material, have developed from calcareous 

rocks, are intimately associated geographically with the Orangeburg soils, and may 

be considered equivalents of the latter in which no light-colored, or at least no gray, 

highly sandy A horizon has yet been formed. The composition of a sample of Green¬ 

ville sandy loam from Evergreen, Ala., in which the process of podolization has at¬ 

tained a stage of development intermediate between that of the true Greenville and 

that of the Orangeburg, is shown in Table 80. The A horizon is rich brown rather 

than gray as in the Orangeburg soils, and the percentage of iron oxide is less than half 

that in B. The high percentage of iron oxide in Ci is caused by the presence of iron 

concretions which were included. The layer between depths of 4 and 48 inches is 

deep red and relatively heavy as shown by the mechanical analysis, and the C hori¬ 

zons are reddish yellow. The percentages of alkalies and alkaline earths are all very 

low, but that of manganese is high. 
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Table 80.—Composition of Greenville sandy loam, Evergreen, Ala} 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO KaO NaaO p2o5 SOs 
Igni¬ 
tion 
loss 

Total N 

COa 
from 
car¬ 
bon¬ 
ates 

28902.. . 

28903.. . 

28904.. . 

28905.. . 

A 

B 

Ci 

C2 

Inches 

0- 4 

4- 48 

48- 78 

78-114 

P. ct. 
I “ 88.83 
\ »93. 87 
/ « 84.22 
\ 3 86. 80 
/ “ 75.83 
\ 3 78. 93 
f « 84. 50 
\ b 86. 99 

P. ct. 
0.26 
.27 
.72 
.74 
.44 
.46 
.39 
.40 

P. ct. 
1.54 
1.63 
4. 42 
4. 55 

10.90 
11.34 
5.83 
6. 05 

P. ct. 
3. 70 
3.90 
7. 50 
7. 73 
5. 37 
5.59 
5. 96 
6.20 

P. ct. 
0.174 

. 184 

.039 

.400 
2. 850 
2. 960 
.030 
.030 

P. ct. 
0.38 
.40 
.17 
.18 
.30 
.31 
.23 
.24 

P. ct. 
0.16 
.17 
.13 
.13 
. 11 
. 11 
.08 
.08 

P. ct. 
0. 35 
.37 
.32 
.33 
.23 
.24 
. 19 
.20 

P. ct. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 

P. ct. 
0.02 
.02 
.07 
.07 
.08 
.08 
. 10 
. 10 

P. ct. 
0.09 
.10 
.09 
.09 
.06 
.06 
. 11 
. 11 

P. ct. 
5.37 

2.97 

"§.~93~ 

2.82" 

P. ct. 
100. 87 
100. 90 
100. 65 
100. 66 
100. 10 
100. 10 
100. 24 
100.28 

P. ct. 
0.120 

”.”636’ 

""."020" 

"".’620’ 

P. ct. 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 
mm) 

Medium 
sand 

(diameter 
0.5-0.25 
mm) 

Fine 
sand 

(diameter 
0.25-0.1 

mm) 

Very fine 
sand 

(diameter 
0.1-0.05 
mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Total 
mineral 
constit¬ 
uents 

28902 ___ 

28903 _ 

28904 _ 

28905 _ 

A 
B 
C, 
Ca 

Inches 
0- 4 
4- 48 

48- 78 
78-114 

Per cent 
1.0 
1.5 
2.5 
.6 

Per cent 
7.6 
8.1 

16.2 
8.6 

Per cent 
9.9 
6.4 
8.7 
8.2 

Per cent 
51.8 
42.6 
43.4 
53.4 

Per cent 
8.7 

10.5 
8.4 
5.9 

Per cent 
13.1 
20.7 
7.0 
3.5 

Per cent 
7.8 

10.1 
13.7 
19.6 

Per cent 
99.9 
99.9 
99.9 
99.8 

1 Collected by C. F. Marbut. _ . 
2 Analyzed by R. S. Holmes, S. Mattson, G. Edgington, and I. A. Denison. 
3 Analyzed by A. A. White. 

The several ratios and the relative molecular equivalent composition of the 

three horizons are shown in Table 81. 

Table 81.—Greenville sandy loam, Evergreen, Ala. 

Sample No. 
Hori¬ 
zon 

Depth in 
inches 

Ratios 
Molecular equivalent 

composition 

sa sf ba SiOa Fe203 AI2O3 

A 0- 4 41 152. 7 0. 290 1. 56 0.010 0.038 

B 4-48 19 50. 5 .088 1.44 .028 .075 

28904_ Ci 48+ 24 18. 5 .130 1. 31 .071 .054 

If the high content of iron oxide in horizon Ci be a feature inherited from a 

former Norfolklike profile, as suggested in a preceding paragraph, it has no significance 

in the existing profile. The sa ratios show no significant difference in the content of 

alumina in B and C. The maximum percentage of iron oxide is not in horizon B 

but in C, or clearly in a deeper horizon than that in which the maximum percentage 

of alumina is found. The maximum percentage of silt and clay is present between 

depths of 4 and 48 inches. This constitutes the B horizon, and the maximum iron 

oxide accumulation is found in horizon C. Assuming that the horizon extending 

from 4 to 48 inches is a true podzolic B horizon, it is apparent that, according to 

the existing knowledge of normal soil development, the iron oxide accumulation in 

C is not a normal product of soil development. On the basis of the suggestion 

offered by the Norfolk and Tifton soils, the simplest explanation of its origin is that it 

was developed at ground water level before the existing cycle of topographic develop¬ 

ment had, by valley cutting, reduced the ground water surface to its present level, 

well below the deepest part of this sample. This excess of iron oxide is an inheritance 

from a time when conditions were similar to those now prevailing in the region of 

typical Norfolk soils in the Carolinas. 
The chemical and mechanical composition of material from a profile of Greenville 

sandy loam from Quitman County, Ga., are shown in Table 82. 

Table 82.—Composition of Greenville sandy loam, Georgetown, Quitman County, Ga} 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

SiOa TiOa Fe2C>3 AI2O3 MnO CaO MgO K2O Na20 P2Os SOs 
Igni¬ 
tion 
loss 

Total N 

CO 2 
from 
car¬ 
bon¬ 
ates 

P. Ct. P.ct. P. ct. P. ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. P. ct. P.ct. P. ct. P. ct. P.ct. 

f«78. 70 0. 84 3. 48 7.23 0.09 0.40 0.14 0.18 0. 74 0.17 0.24 8. 57 100. 78 0. 150 
258506._ Ai 0- 2 lb86. 04 .92 3. 81 7. 91 . 10 .44 .15 .20 .81 . 19 .26 _ 100. 83 _ _ 

f«84. 00 .71 3. 30 6.10 .05 Tr. .20 .09 .56 .10 .10 4.68 99. 89 .050 
258507-_ A2 2- 9 \b8S. 11 .74 3. 46 6. 40 . 05 Tr. .21 .09 .59 .11 .11 _ 99. 85 _ _ 

f«56. 63 .90 10. 70 20. 87 .02 Tr. . 14 .19 .57 .17 .16 9. 77 100.12 .020 
258508._ Bi 9-40 \ b62. 77 1.00 11.86 23. 11 .02 Tr. . 16 .21 .63 .19 .18 _ 100. 13 _ _ 

f«62. 70 .81 12.36 15. 51 .03 Tr. .08 .25 .54 .24 .15 7. 72 100. 39 .010 
258509.- B2 40-52 \ b67. 93 .88 13. 38 16. 80 .03 Tr. .09 .27 .58 .26 .16 _ 100. 38 _ _ 

r«6i. 00 .50 20.36 9.07 1.02 .22 .22 .07 .53 .28 .15 7. 37 100. 79 .014 
258510-- Ci 52-55 \ b65. 85 .54 21.96 9.79 1. 10 .24 .24 .08 .57 .30 .16 _ 100. 83 _ _ 

/«59. 77 .90 16. 84 12.73 .02 .20 .07 .20 .52 .18 .13 7. 90 99. 46 .003 _ 

258511- - C2 55-70 \ f>64. 88 .98 18.28 13. 82 .02 .22 .08 .22 .56 .20 . 14 _ 99. 40 _ _ 

r«65.11 1.01 8.97 17.29 .01 .06 .18 .44 . 12 .06 . 17 6.60 100. 02 .003 
258512-_ C3 70-96 p69.73 1.08 9. 61 18. 51 .01 .06 .19 .47 .13 .06 .18 100. 03 

Mechanical3 

Sample No. 

258506. 
258507. 
258508. 
258509. 
258510- 
25851L 
258512. 

Hori¬ 
zon 

Depth 

Inches 
Ai 
A2 

0- 2 
2- 9 

Hi 
B2 
Ci 
c2 
c3 

9-40 
40-52 
52-55 
55-70 
70-96 

Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 
mm) 

Medium 
sand 

(diameter 
0.5-0.25 
mm) 

Fine 
sand 

(diameter 
0.25-0.1 

mm) 

Very fine 
sand 

(diameter 
0.1-0.05 

mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Total 
mineral 
constit¬ 
uents 

Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

1.2 9.8 10.6 24.4 10.0 22.3 21.7 100. 0 

2.3 10.9 16.6 28.6 11.1 11.4 19.5 100.4 

1.3 6.8 8.1 12.2 4.6 6.1 61.0 100.1 

5.0 12.5 8.1 12.6 6.5 5.0 50.3 100.0 

9.0 19.5 15.8 17.0 5.0 6.3 27.5 100.1 

1.1 6.4 6.8 14.1 11.1 12.0 48.5 100.0 

1.3 7.3 6.1 14.7 11.4 13.8 45.5 100.1 

1 Collected by R E. Devereux. 
2 Analyzed by G. J. Hough. 
3 Analyzed by L. T. Alexander. 

The complete chemical composition table shows differences in composition in 

the several layers, seemingly due to geological conditions. The increase in percentage 

of alumina in what is considered C2, continuing in C3, well above that in Ci is prob¬ 

ably due to the presence at this depth of a geological stratum with more clay than in 

Ci. The rather high percentage of alumina in Ai is characteristic of the Greenville 

soils in comparison with the Orangeburg, Norfolk, and Tifton soils. This type of 

Greenville is sandy loam but it contains twice as much alumina, presumably in clay, 

as the surface soils of the sandy loams of the series mentioned. The percentage is 

much higher than that in the surface layer of Orangeburg sandy loam and is twice as 

high as in Greenville sandy loam from Evergreen, Ala. Greenvdle sandy loam is 

almost as heavy as a loam. . , . , 
The horizons of the profile are well expressed in both the chemical and mechanical 

composition. The B horizon contains 61 per cent of clay. The percentage o 1101i 

oxide attains a maximum of 22 per cent in horizon Ci, suggesting the possi i ity o 

ground water influence at an earlier period. The occurrence of the maxima o iron 

oxide and alumina in entirely different horizons of the profile point without dou bt to 

the influence of some other factor than the usual factors producing the po z<) i(‘ 

profile. The latter would place the maxima of both constituents in the same ( ) 

horizon. 
The several ratios and molecular equivalent composition for Si02, Fe2 3, an 

A1203 are shown in Table 83. 

Table 83.—Greenville sandy loam, Quitman County, Ga. 

Sample No. 
Hori¬ 
zon 

Depth in 
inches 

Ratios 
Molecular equii 

compositio 
talent 
n 

sa sf ba Si02 Fe203 AI2O3 

258507 . __ _ a2 
Bi 
C, 

2- 9 
9-40 

52-55 

23.40 
4. 62 

11.40 

67.48 
14. 02 
7.90 

0.167 
.054 
.149 

1.46 
1.04 
1.09 

0. 0216 
.0742 
.1370 

0. 0628 
.2260 
.0960 258508 _ 

258510 _ _ 

The relative number of silica molecules in Bi and Cj differs very slightly, that 

in B| being about 3 per cent smaller than in Ci. The number in A2 is much larger, 

being 36 per cent larger than in Ci. The relative number of alumina molecules in 

Bi is more than twice the number in Ci, but in A2 is a third less than in Ci. The 

sa ratios emphasize the difference between the A2 and B! horizons and show a slight 

difference between Bi and Ci. The percentages of alkalies and alkaline earths are 

all very low, lime in the solum, except that in the dark layer, Ai, being almost lacking. 

The chemical and mechanical composition of material from a Greenville profile 

in Butler County, Ala., are shown in Table 84. The C horizon is not included. The 

general physical character of the soil in place shows it to be an excellent representation 

of the A and B horizons of the Greenville. The composition shows the usual features, 

a podzolic profile, the percentages of iron oxide and alumina being high in B and low 

in A. The alkalies and alkaline earths are all low, the soil being typical in this respect 

of the sandy Red and Yellow soils. 

Table 84.—Composition of Greenville fine sandy loam, Greenville, Butler County, Ala} 

Chemical 2 

Sample 
No. 

Hori¬ 
zon 

Depth 

Inches 

28906 _ 

28907 _ 

28908 _ 

A 

Bi 

B2 

0-10 

10-36 

36-60 

Si02 Ti02 CaO MgO k2o Na20 P2O5 SOs 
Igni¬ 
tion 
loss 

Total N 

COj 
from 
car- 
bon- 

P.ct. 
‘“89. 36 
m. 12 
“76.47 
‘80. 38 
“66. 26 
m. 66 

P.ct. 
1.11 
1.14 
.97 

1.02 
1.28 
1.36 

P.ct. 
1.61 
1.66 
4. 33 
4. 55 
8. 76 
9. 34 

P. ct. 
2. 95 
3.04 

13.00 
13. 67 
16.20 
17. 27 

P. ct. 
0.76 
.78 
.016 
.017 
.004 
.004 

P.ct 
0. 22 
.23 
.23 
.24 
.26 
.28 

P. ct. 
0.34 
.35 
.45 
.47 
.25 
.27 

P.ct. 
0. 36 
.37 
.23 
.24 
.36 
.38 

P.ct. 
0.58 
.60 
.01 
.01 
.22 
.23 

P.ct. 
0.04 
.04 
.37 
.39 
.07 
.07 

P.ct. 
0.04 
.04 
.10 
. 11 
.20 
.21 

ates 

P.ct. 
3.02 

4.86" 

~6.~20~ 

P.ct. 
100. 39 
100. 37 
101. 04 
101. 02 
100.06 
100. 07 

P. ct. 
0.006 

P. ct. 

.030 

.020 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 
mm) 

Medium 
sand 

(diameter 
0.5-0.25 

mm) 

Fine 
sand 

(diameter 
0.25-0.1 

mm) 

Very fine 
sand 

(diameter 
0.1-0.05 

mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

28906 _ A 0-10 0.6 5.1 6.4 44.6 17.0 18.0 8.2 99.9 

98Q07 __ _ _ Bi 10-30 .2 2.5 4.5 28.2 13.7 13.0 37.8 99.9 

28908_ b2 36-60 .8 3.2 2.6 16.0 28.6 9.1 39.7 100.0 

1 Collected by C. F. Marbut. 
2 Analyzed by G. J. Hough. 
3 Analyzed by A. A. White. 

A Greenville sandy loam from Tallahassee, Fla., the composition of which is 

shown in Table 85, contains a lower percentage of both alumina and iron oxide than 

the samples previously mentioned. This, however, is a Red soil, not Yellow. It is 

underlain by limestone at a depth of many feet. 

Table 85.—Composition of Greenville sandy loam, Tallahassee, Fla} 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 TiOs Fe203 AI2O3 MnO CaO MgO K20 Na20 P205 SO3 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P. ct. P.ct. P. ct. P.ct. P. ct. P.ct. P. ct. P. ct. P. cl. P. ct. P. ct. P. ct. P. ct. 
f«86. 41 0. 50 1.66 6.04 0.065 0. 07 0.25 0.12 0.04 0. 64 0.08 4. 47 100. 35 0.080 

28559_ Ai 0- 8 (<>90.44 .52 1. 74 6. 33 .068 .07 .26 .13 .04 .67 .08 100. 35 
f«89. 36 .32 1.93 4. 86 .030 .54 .40 .20 Tr. .60 .03 2.45 100. 72 .020 

28560_ A2 8-40 \<>91. 60 .33 1.98 4.98 .030 .55 .41 .20 Tr. .62 .03 100. 73 
f«82. 50 .32 2. 56 6. 76 .012 .60 .22 .15 Tr. 2. 53 .04 3. 95 99.64 .020 

28561_ B 40-60 (<>85.90 .33 2. 66 7.04 .012 .62 .23 .16 Tr. 2.63 .04 99. 62 
/ “80. 58 .32 2. 26 7.84 .024 .56 .26 .23 Tr. 3. 56 .03 4. 40 100. 06 .020 

28562_ C 60-90 (<>84.31 .33 2. 36 8.20 .025 .59 .27 .24 Tr. 3. 72 .03 100. 06 

Mechanical3 

28559. 
28560. 
28561. 
28562. 

Sample No. 
Hori¬ 
zon 

Ai 
A2 
B 
C 

Depth 
Fine 

gravel 
(diam¬ 

eter 2-1 
mm) 

Coarse 
sand 

(diam¬ 
eter 1- 

0.5 mm) 

Medium 
sand 

(diam¬ 
eter 0.5- 

0.25 mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
0- 8 1.2 16.0 19.0 40.1 4.8 6.2 12.6 99.9 
8-40 2.4 23.3 18.0 36.8 3.4 4.2 12.0 100.1 

40-60 1.3 18.8 20.2 34.0 4.6 2.7 18.4 100.0 
60-90 3.0 11.6 9.7 42.4 12.2 6.0 15.0 99.9 

1 Collected by J. O. Veatch. ,, ^ . T , ^ • 
2 Analyzed by G. J. Hough, G. Edgington, S. Mattson, and I. A. Denison. 
3 Analyzed by A. A. White. 

COMPOSITION OF GRENADA AND MEMPHIS SOILS 

Grenada and Memphis soils occupy a belt of upland, stretching along both sides 

of the Mississippi River Valley from St. Louis to within a few miles of New Orleans. 

This belt is most continuous and widest on the east side of the valley, ranging up 

to about 50 miles in width. The soils have developed from silty materials identified 
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generally by geologists as loess. The deposit overlies the sandy materials of the 

coastal plain south of Cairo. It is thickest, ranging in thickness up to 50 feet or 

more, along the river bluffs, and it thins eastward. It is calcareous below the 

level of leaching, the calcareous material lying several feet below the surface, but it 

is rarely found except along the bluff side of the belt where erosion tends to keep 

pace with leaching. The Memphis soils are those lying along the bluffs where cal¬ 

careous material lies, in most places, at a depth of less than 10 feet. The Grenada 

soils lie on the smooth uplands east of the bluffs, in situations where the material 

has not been subjected to erosion, and soil-developing processes have been operating 
for a long time. 

A sample of Grenada silt loam from Rankin County, Miss., the composition of 

which is shown in Table 86, is a well-leached soil with a normally developed podzolic 

profile. The alumina, iron oxide, and lime are high in the thin half-inch layer of 

leaf mold, the A0 horizon. The B, horizon, from 7 to 20 inches, is well expressed in 

its high content of iron oxide and alumina. 

The several ratios and molecular equivalent composition for Si02, Fe203, and 

A1203 are shown in Table 89. The quantities, both absolute and relative, are more 

like those of a Gray-Brown Podzolic soil than of a Yellow soil. 

Table 89.—Grenada silt loam, Grenada, Miss. 

Sample No. 
Hori¬ 
zon 

Depth in 
inches 

Ratios Molecular equivalent 
composition 

sa sf ba Si02 Fe2C>3 A120s 

28006_ A 0- 6 14.98 52.95 0.522 1.36 0.025 0.091 
28007_ _ B, 7-30 11.91 41.60 .455 1.31 .031 . Ill 
28009_ C 50+ 13.42 43. 73 .738 1.31 .03 .097 

COMPOSITION OF DECATUR, HANCEYILLE, AND NACOGDOCHES SOILS 

The Decatur soils are Red soils and have been developed from material accu- 

Table 86.—Composition of Grenada silt loam, Rankin County, Miss.1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO K20 Na»0 P205 so3 

Igni¬ 
tion 
loss 

Total N 

co2 

from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 

Ao 0-54 
p 75.04 0.71 2. 70 7. 26 0.099 0. 61 0. 33 1.21 0. 68 0.06 0.07 10. 92 99.69 0. 190 
\ *84. 24 .81 3.03 8.15 . Ill .68 .37 1.36 .76 .07 .08 99. 66 

49.6009 Ai U 7 P85.39 .82 1.87 6.45 .015 . 13 .16 1. 37 .80 .01 .02 2.53 99. 57 .018 
\ '■87. 61 .84 1.92 6. 62 .015 . 13 .16 1. 41 .82 .01 .02 99. 56 

49.600.9 Bi 7-20 
r«74. 00 .85 4.97 12.24 .021 .16 .50 1.53 .85 .05 .02 4. 76 99. 95 .039 
\*77. 69 .89 5.22 12. 85 .022 .17 .52 1. 61 .89 .05 .02 99. 93 

42.6004 b2 90-9.6 P80. 80 .79 3. 34 9. 10 .031 .27 .52 1.27 .87 .02 .03 2.73 99.77 .013 
\*83. 07 .81 3. 43 9.35 .032 .28 .53 1.31 .90 .02 .03 99. 76 

49.600.6 c 9.6 00 (“87.19 .86 2.08 6.28 .014 . 10 .27 .63 .40 .01 .05 2.11 99. 99 .005 
1*89.05 .88 2. 12 6. 42 .014 .10 .28 .64 .41 .01 .05 — 99. 97 — — 

Mechanical3 

425001. 
425002. 
425003. 
425004. 
425005. 

Sample No. 
Hori¬ 
zon 

Depth Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 mm) 

Medium 
sand 

(diameter 
0.5-0.25 

mm) 

Fine 
sand 

(diameter 
0.25-0.1 

mm) 

Very fine 
sand 

(diameter 
0.1-0.05 

mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm ) 

Total 
mineral 
constit¬ 
uents 

Ao 
Ai 
Bi 
B2 
C 

Inches 
0-Mi 

34- 7 
7-20 

20-35 
35- 60 | 

I 

Per cent 
0.5 
.1 
.0 
.1 
.2 

Per cent Per cent 
1.8 2. 7 
.8 2.2 
.3 .9 
.9 2.2 

1.0 3.1 

Per cent Per cent 
5.9 2.1 
5. 3 2. 6 
2.5 1.2 
5. 5 2. 2 
8. 4 2. 9 

Per cent Per cent 
68.4 
76.1 
61.4 
65.9 
64.4 

18.5 
12.8 
33.7 
23.1 
20.0 

Per cent 
99.9 
99.9 

100.0 
99.9 

100.0 

1 Collected by R. Wildermuth. 
2 Analyzed by G. Edgington. 
3 Analyzed by L. T. Alexander. 

The several ratios and the molecular equivalent composition for Si02, Fe203, and 

A1o03 are shown in Table 87. 

Table 87.—Grenada silt loam, Rankin County, Miss. 

Sample No. 
Hori¬ 
zon 

Depth in 
inches 

Ratios 
Molecular equivalent 

composition 

sa sf ♦ ba Si02 Fe203 AI2O3 

425002_ Ai !4- 7 22. 50 120.9 0.471 1.46 0.012 0. 0649 
425003_ 1+ 7-20 10. 30 39.4 .274 1.28 .0327 . 1260 
425005_ C 35-60 23. 60 111.3 .241 1.47 .0100 .0630 

mulated by the decay of limestones. As is universally the case, these soils have light- 

colored brown, yellow, or still lighter colored A horizons where the profile has not 

been mutilated by erosion. In those cases where the red color extends to the surface, 

the A horizon has been removed. 

The composition of a profile of Decatur silt loam, from Childersburg, Ala., is 

shown in Table 90. The percentages of alumina and iron oxide both increase con¬ 

tinuously downward. This is possibly owing to the character of the local parent 

limestone, but the information available does not warrant a definite conclusion. 

The A horizon is brown, and a well-defined red color appears at a depth of 10 inches. 

Table 90.—Composition of Decatur silt loam, Childersburg, Ala.1 

Sample 
No. 

30248_ 

30249— 

30250— 

30251_ _ 

30252__ 

30253 __ 

Hori¬ 
zon 

Ai 

A2 

A3 

Ai 

Bi 

C 

Chemical2 

Depth 

Si02 Ti02 Fe203 AI2O3 MnO CaO MgO KzO Na20 P205 SO3 
Igni¬ 
tion 
loss 

Total N 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 
0- 3 f«85. 53 1.00 2. 06 5. 31 0. 229 0. 12 0. 15 0. 45 0. 07 Tr. 0.11 5. 00 100. 03 0. 092 

1*90.05 1.05 2.17 5. 59 . 241 .13 .16 .47 .07 Tr. . 12 100. 05 

3- 6 
P84. 80 .96 2.31 6.19 .282 . 12 .23 .52 .05 Tr. . 11 4. 55 100.12 .071 
\*88. 82 1.01 2.42 6.49 .295 .13 .24 .54 .05 Tr. . 12 100. 12 

7 10 p83. 16 1. 20 3. 39 7. 37 .150 .24 .48 .33 .48 0. 07 .09 3.91 100. 87 .050 
(686. 54 1. 25 3. 53 7. 67 . 160 .25 .50 .34 .50 .07 .09 100. 85 

11 18 p80. 77 1. 20 4.02 9. 33 .030 .20 .53 .51 .48 .05 .08 3. 40 100. 60 .020 
1*83. 61 1.24 4.16 9. 66 .030 .21 .55 .53 .50 .05 .08 100. 63 

19-40 
p66. 93 1. 20 7.70 16. 97 .026 .14 .63 .81 .53 . 10 . 10 5. 84 100. 97 .020 
1*71. 06 1. 27 8.17 18. 02 .028 .15 .67 .86 .56 . 11 . 11 101.01 

41 70 p51. 32 1. 20 9.18 25. 38 .015 .14 .96 1. 74 .57 .14 . 12 9. 53 100. 30 .920 
1*56.71 1.33 10.03 28. 09 .017 .15 1. 06 1. 92 .63 . 15 .13 — 100. 21 

C02 
from 
car¬ 
bon¬ 
ates 

P. ct. 

Mechanical3 

Sample No. 
Hori¬ 
zon Depth Fine 

gravel 
(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 
mm) 

Medium 
sand 

(diameter 
0.5-0.25 
mm) 

Fine 
sand 

(diameter 
0.25-0.1 

mm) 

Very fine 
sand 

(diameter 
0.1-0.05 
mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Total 
mineral 
constit¬ 
uents 

30248 _ 
30249 _ 
30250 _ 

Ai 
Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

0- 3 3.4 5.4 3.0 11. 2 11.0 51.8 14.3 100.1 
} a2 3-10 2.4 5.0 2.9 9.8 9.8 51.7 18.4 100.0 

30251_ A4 11-18 2.0 3.6 1.8 6.4 8.6 48.6 29.1 100 1 
30252_ Bi 19-40 .8 2.4 1.2 4.4 6.0 36.0 49. 2 100 0 
30253_ C 41-70 .4 1.0 .6 2.6 4.0 25.3 66.1 100.0 

1 Collected by Mark Baldwin. 
2 Analyzed by G. Edgington and G. J. Hough. 
3 Analyzed by A. A. White. 

Accumulation of both iron oxide and alumina has taken place. Since both sa 

and the molecular ratios show not only no decrease of alumina in Ai over that in 

C, but a slight increase, it is not clear what explanation can be given unless there 

be an error in the analysis. The latter possibility is suggested by the results of an 

analysis of another Grenada profile from Grenada, Miss., shown in Table 88. In 

this profile the molecular ratios of alumina in A, B, and C are 0.091, 0.111, and 

0.097, respectively, the normal podzolic relationship. One respect in which both 

the profiles of the Grenada soils differ from the other upland soils of the Southern 

States considered up to this point is the high percentages of potash and soda and, to 

less extent, of lime. 

This is a reflection both of the character of the parent material, which is cal¬ 

careous, and also of its more recent accumulation. Time has not yet elapsed for 

thorough leaching. The soils from this material have not yet reached the same 

stage of development as the sandy soils of the coastal plain with which they are 

geographically associated. 

The chemical composition of material from a well-developed profile of Grenada 

silt loam from Grenada County, Miss., is shown in Table 88. 

Table 88.—Chemical composition of Grenada silt loam, Grenada, Grenada County, Miss.1 2 

Sample 
No. 

a
 

0
 0

 

Depth Si02 Ti02 Fe203 AI2O3 MnO CaO MgO K20 Na20 P2O5 SOs 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 
1 00 8 98 8 92 0. 37 0. 02 2.10 1.03 0.04 0. 05 4.36 100. 45 

28006_ A 0- 6 1*82.14 1.11 4. n 9. 32 .39 .02 2.19 1.08 .04 .05 100. 45 _ 
fa 76 08 1 08 4 84 10.85 .68 .02 1.99 .94 .02 .01 4. 30 100. 71 

28007_ Bi 7-30 \m. 42 1.08 5. 06 11.33 .71 .02 2.08 .98 .02 .01 _ 100. 71 _ 
4 00 10 80 .42 .02 2.24 1.28 .06 .02 3.28 100. 62 

28008_ b2 32-48 
\*79. 86 l! 13 4. 82 id. 65 .43 .02 2.32 1.32 .06 .02 100. 63 

/«76. 78 .97 4. 65 9. 72 1.20 1.18 2.33 1.49 .03 .02 2.70 101. 07 
28009_ C 50-f- 

1*78. 89 1.00 4.78 9.99 1.23 1. 21 2.39 1.53 .03 .02 — 101. 07 — — 

1 Collected by C. F. Marbut. 
2 Analyzed in the division of soil chemistry, Bureau of Soils, Sept. 26, 1916. 

The soil in the field has a well-defined color profile with a yellowish silty A 

horizon and a reddish B. The chemical analysis shows slight apparent accumulation 

of ii’on oxide and alumina in B over the amounts in C. The percentage of Iv20 is 

very high for a mature soil in this latitude, and that of CaO in the C horizon is high. 

The silty texture of the material, its probable source in Mississippi River deposits, 

and its comparatively recent accumulation are all involved in the explanation of these 

high percentages. 
The soil is not a typical Red or Yellow soil. It is developing into such a soil, 

but its features are not yet pronounced. 

The Hanceville silt loam profile from Montevallo, Ala., whose composition is 

shown in Table 91, is the only Red soil developed from noncalcareous shale material 

which has been analyzed. The C horizon was not included. The analysis shows, by 

its low iron oxide and alumina and high silica in the upper 12 inches and the reverse 

condition below that, the familiar features of the podzolic profile. The material to a 
depth of 12 inches is brown, below that, red. 

Table 91.—Composition of Hanceville silt loam, Montevallo, Ala.1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

SiCh Ti02 Fe2C>3 AI2O3 MnO CaO MgO K20 NajO P2O5 so3 

Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 
34733_ Ai 0- 8 /“84. 03 0. 97 2. 04 6. 83 0. 02 0.04 0. 19 0. 71 0.04 0. 11 0. 04 4.98 100. 00 0. 080 

1*88. 41 1.02 2.16 7. 19 .02 .04 . 20 .75 .04 . 12 .05 100. 00 
34734_ A2 8 17! 

p82. 45 .94 4. 31 7.48 .01 .06 . 19 .63 .07 .09 .08 3. 69 100. 00 .060 
1*85.59 .98 4. 48 7. 77 .01 .06 .20 .65 .07 .09 .08 99. 98 

34735_ B 
19 86 P61. 02 .99 8. 88 19. 64 .01 . 13 .50 1.06 .08 . 11 .05 7. 55 100.00 .030 

\*66. 01 1.07 9. 60 21. 24 .01 . 14 .54 1. 15 .06 . 12 .05 — 99.99 — 

Mechanical3 

Sample No. 
Hori¬ 
zon 

Depth Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 
mm) 

Medium 
sand 

(diameter 
0.5-0.25 
mm) 

Fine 
sand 

(diameter 
0.25-0.1 

mm) 

Very fine 
sand 

(diameter 
0.1-0.05 
mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Total 
mineral 
constit¬ 
uents 

34733_ A, 
Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

0- 3 0.2 1.7 9.6 29.4 13.2 30.5 15.5 100. 1 
34734_ A2 3-12 0 1.4 9.0 27.8 12.3 29.8 19. 7 100.0 
34735_ B 12-36 0 .8 8.4 20.3 7.9 21.7 40.9 100.1 

1 Collected by C. F. Marbut. 
2 Analyzed in the division of soil chemistry, Bureau of Soils, Dec. 8, 1917. 
3 Analyzed by L. T. Alexander. 

The Nacogdoches 19 soils occupy relatively important areas in the coastal plain 

in Louisiana and eastern Texas. They have developed from unconsolidated sandy 

Tertiary deposits containing glauconite similar in character to that from which the 

Collington soils of New Jersey and Maryland have developed. In Texas and Lou¬ 

isiana decomposition has been much more thorough and has reached greater depth 
from the surface. 

Nacogdoches fine sandy loam is the most intensely red soil identified within the 

boundaries of the United States up to the present time. The chemical and mechani¬ 

cal composition of material from a profile of Nacogdoches soil in Nacogdoches County, 
Tex., are shown in Table 92. 

19 Combined on the soil map, Plate 5, section 10, with Orangeburg. 
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Table 92.- -Composition of Nacogdoches fine sandy loam, Nacogdoches County, Texd 

Sample 
No. 

447094.. 

33410.. . 

33411.. . 

447099-1. 

Hor- 
izon 

A 

Bi 

Ba 

C 

Depth 

Inches 

0- 12 

8- 40 

40- 72 

72-168 

Chemical2 

SiOa 

P. ct. 
/“85. 20 
1*87.09 
(“38. 27 
1*43.31 
(“22. 99 
1*26. 14 
(“52. 23 
1*56. 52 

TiOa 

P. ct. 
0. 59 
.60 
.84 
.95 
.72 
.82 
.67 
.72 

Fe2C>3 

P. 

AI2O3 

P. ct. 
3. 34 
3. 42 

24.24 
27. 43 
16. 45 
18.70 
17.82 
19. 28 

MnO 

P. ct. 
0. 072 
.074 
.018 
.024 
.094 
. 107 
.077 
.088 

CaO 

P. ct. 
0.11 

. 11 

.04 

.05 
Tr. 
Tr. 

1.47 
1.59 

MgO 

P. ct. 
0.09 
.09 
.62 
.70 
.98 

1. 11 
2.26 
2.44 

K20 

P. ct. 
0. 29 
.30 
.70 
.79 
.58 
.66 

1.81 
1.96 

Na20 

P. ct. 
0. 30 
.31 
.28 
.32 
.32 
.36 
.44 
.48 

P2O5 

P. ct. 
0.05 
.05 
. 16 
. 18 
.73 
.83 
.07 
.08 

S03 

P. ct. 
0.04 
.04 
.06 
.07 
.09 
.10 
.05 
.05 

Igni¬ 
tion 
loss 

P. ct. 
2.18 

11.63 

12.07" 

"7.57" 

Total 

P. ct. 
100. 44 
100.44 
100. 08 
100. 15 
100. 25 
100. 23 
100. 49 
100. 58 

Sample No. 

447094.__ 
33410-.-. 
447099-1. 

Hori- 
zon 

A 
B, 
C 

Depth 

Inches 
0- 12 
8- 40 

72-168 

Mechanical8 

Fine 
gravel 

(diameter 
2-1 mm) 

Per cent 
1.2 
1.3 

. 1 

Coarse 
sand 

(diameter 
1-0.5 
mm) 

Per cent 
2.4 
2.0 
1.3 

Medium 
sand 

(diametei 
0.5-0.25 
mm) 

Per cent 
1.8 
1.8 
1.1 

1 Collected by B. H. Hendrickson. 
2 Analyzed by G. Edgington. 
8 Analyzed by J. B. Spencer and V. Jacquot. 

The table shows the composition of a profile made up from Nacogdoches soil 
from three localities, all in Nacogdoches County, Tex. 

The A horizon has been converted into a light sandy loam by the removal of 
clay and silt, part of which has been removed entirely from the spot and part carried 
into the B horizon. The region is in a mature stage of topographic development, and 
the surface has been reduced to a somewhat lower level than that of the plain on 
which the existing cycle started. 

Percentages of both iron oxide and alumina are very high in horizon B, being 
highest in the upper part and decreasing downward. The maximum percentage of 
iron oxide lies below the horizon containing the maximum percentage of alumina. 
This relationship was found in the coastal-plain soils of Georgia and Alabama and was 
explained as a possible result of the action of ground water during an earlier period 
when the land surface was smoother and possibly stood at a lower level than now. 

The stage of development of soils in the Nacogdoches region of Texas is further 
advanced than that in the typical Norfolk region of the Carolinas or the Tifton region 
of Georgia, but this fact seems to constitute no basis for concluding that the iron 
oxide accumulation in the Nacogdoches profile is not due to the same cause. In both 
regions this explanation of its existence is based on a certain analogy with the iron 
oxide zone in tropical soils and the zone of apparent accumulation at the top of horizon 
C in the Norfolk soils. 

The several ratios and the molecular equivalent composition for Si02, Fe203, 
and A1203 are shown in Table 93. The sa ratios show clearly the accumulation of 
alumina in B, but in this case, where the accumulation has been so great, the com¬ 
plete analysis of the whole soil, Table 92, shows it clearly. Iron oxide accumulation 
is equally clear in horizon B. The high ba ratio in C is due to high CaO and K20, 
the latter being present in the glauconite of the parent material and the former in a 
small percentage of calcium carbonate. 

Table 93.-—Nacogdoches fine sandy loam, Nacogdoches County, Tex. 

Sample No. Hori¬ 
zon 

Depth in 
inches 

Ratios Molecular equivalent 
composition 

sa sf ba SiOa Fe203 AI2O3 

447094-. A 
Bi 
C 

0- 12 
8- 40 

72-168 

43.3 

2.7 
5.0 

27.6 
4.3 
8.6 

0. 303 
.054 
.301 

14.47 
7. 21 
9.40 

0. 052 
. 164 
. 108 

0.0335 
.2690 
.1890 

33410_ 
447099_ 

SOILS OF THE PIEDMONT PLATEAU 

The Red soils of the piedmont plateau have developed from residual sand, silt, 
and clay, the product of the disintegration and decomposition of crystalline gneisses and 
schists, slates, and more or less metamorphosed igneous rocks. The range in character 
among the gneisses and schists is very great. In those containing quartz, as is the 
case with most of them, the texture profile of the soil, where mature and not mutilated 
by erosion, consists of an A horizon of sand or very sandy material, a B horizon of clay 
01 sandy clay, and a C horizon of loose disintegrated partly decomposed rock mate¬ 
rial. The color profile consists of a gray or yellowish A horizon, a red or yellowish- 
red B horizon, and in most places a red or reddish upper C horizon. 

The rocks are very old. The upland surface soil, where intact, is probably not 
older than I ertiary, and most of the land surface is much younger than the few small 
areas of what seems to be part of the original peneplain upland. The upland pene¬ 
plain has been so thoroughly dissected that most of the existing land surface of the 
region is the product of geologically recent erosion. Some of the soils are probably 
old. It is possible that some of the soils developed during the closing stages of the 
cycle of erosion which produced the upland peneplain, but studies in the region have 
not yet made it possible to say that the soil in any given spot is such an old soil. The 
soils of an important part of the region, however, are younger than any such product 
of a former topographic cycle. 

A number of profiles have been studied in the region and samples collected and 
analyzed. In a number of cases colloidal materials have been extracted and analyzed, 
but in lew cases has a profile at any given spot been subjected to complete analysis 
(mechanical and chemical) and to the extraction and analysis of the colloidal material. 

Ihe pi e\ ailing mature red soils of the piedmont region, derived from schists and 
gneisses, especially the latter, are identified as members of the Cecil series. Mate- 
lial fiom four Cecil profiles from North Carolina have been subjected to complete 
analysis. One is a clay loam, two are fine sandy loams, and one a sandy loam. 
One clay loam and one fine sandy loam are from Rutherford County in the south¬ 
western part of the State near the eastern foot of the Blue Ridge plateau. 

N 

CO2 
from 
car¬ 
bon¬ 
ates 

P. ct. 
0.022 

P. ct. 

.043 

"".’008" 

’."6I4" 

— 

— 

Fine 
sand 

(diameter 
0.25-0.1 

mm) 

Very fine 
sand 

(diameter 
0.1-0.05 
mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Total 
mineral 
constit¬ 
uents 

Per cent Per cent Per cent Per cent Per cent 
39. 6 33. 2 16.3 5.3 99.8 
5.0 4.2 7.6 78.2 100.1 

20.0 11.0 21.4 43.6 98.7 

The soils of the piedmont plateau differ from the soils of the coastal plain very 
strikingly in the low percentages of silica and high percentages of alumina in the 
former. 

Field conditions indicate that the soils of the plateau have developed normally, 
without any influence from ground water. 

Cecil fine sandy loam from Rutherfordton, N. C., has a rather well defined 
profile, the A horizon, which is somewhat sandy, being 5 inches thick, and the Bx 
horizon extending from 5 to 36 inches. The complete analysis of this sample is 
shown in Table 94. 

Table 94.—Composition of Cecil fine sandy loam, Rutherfordton, N. C.1 

Sample 
No. 

34996.- 

34997.__ 

34998--- 

34999..- 

Hori- 
zon 

Depth 

Bi 

C, 

Ca 

Inches 

0- 5 

5-36 

72-96 

112+ 

Chemical2 

S1O2 

P. ct. 
(“64. 64 
I *71. 29 
I “34. 49 
[UO. 33 
“46.00 
*52. 00 
'32. 02 
d36. 78 
“47. 04 
*51. 51 
'28. 84 
d34. 59 

(“55. 72 
1*57.49 

TiOa 

P. ct. 
1.81 
2.00 
1.01 
1.08 
1.54 
1.74 
1.02 
1.18 
1.80 
1.97 
1.09 
1.31 
.95 

Fe203 

P. ct. 
4.80 
5. 29 

11. 25 
13.10 
11. 06 
12. 51 
14.70 
16.90 
9. 92 

10.86 
11.00 
13.20 
4.48 
4.62 

AI2O3 

P.ct. 
15. 60 
17. 21 
36. 81 
43.00 
27.26 
30.83 
36.98 
42.59 
24. 80 
27.16 
40.05 
48.00 
22. 12 
22.83 

MnO 

P. ct. 
0.07 
.08 
.09 
.12 
.05 
.06 
.06 
.07 
.15 
.16 
.14 
.17 
.10 
.10 

CaO MgO X2O 

P.ct. 
0.72 
.80 
.56 
.65 
.67 
.76 
.13 
.15 

2.28 
2.50 
.14 
.17 

1.48 
1.53 

P. ct. 
2.62 
2. 90 
.35 
.41 

1.40 
1.58 
.18 
.21 

3.14 
3.43 
.18 
.22 

5.16 
5. 32 

Na20 

P.ct. 
0. 38 
.42 
.06 
.07 
.64 
.72 
.13 
.15 
.68 
.74 
.09 
.11 

2.94 
3.03 

P2O5 

P. ct. 
0.09 
.10 
.26 
.31 
.10 
.11 
.12 
.14 
.68 
.74 
.79 
.95 

1. 21 
1.25 

SO3 

P. ct. 

Igni¬ 
tion 
loss 

P.ct. 
9. 34 

14.43 

11.59 

13715" 

8.68" 

16.60" 

l.~08" 

Total N 

P. ct. 
100. 25 
100. 96 
99. 73 
99. 57 

100. 49 
100. 51 
99. 86 
99.71 
99.81 
99. 77 
99. 26 
99.13 

>.78 
1.77 

P. ct. 

CO2 
from 
car¬ 

bon¬ 
ates 

P. ct. 

Sample No. 
Hori¬ 
zon Depth 

Mechanical8 

Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 
mm) 

Medium 
sand 

(diameter 
0.5-0.25 
mm) 

Fine 
sand 

(diameter 
0.25-0.1 
mm) 

Very fine 
sand 

(diameter 
0.1-0.05 
mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Total 
mineral 
constit¬ 
uents 

34996_ A 
Bi 
Ci 
C2 

Inches 
0- 5 
5-36 

72-96 
112+ 

Per cent 
4.8 
2.8 
1.8 

14.0 

Per cent 
12.4 
4.6 

12.7 
22.3 

Per cent 
7.8 
2.8 

11.7 
12.4 

Per cent 
27.2 
11.7 
37.7 
33.2 

Per cent 
9.8 
5.5 
8.0 
8.3 

Per cent 
22.9 
21.4 
14.2 
8.8 

Per cent 
15.6 
51.2 
14.2 
1.5 

Per cent 
100.5 
100.0 
100.3 
100.5 

34997_ 
34998_ 
34999_ 

1 Collected by W. E. Hearn. 
2 Analyzed by I. A. Denison. 
8 Analyzed by V. Jacquot and J. B. Spencer. 

The chemical and mechanical composition are consistent in showing a highly 
eluviated podzolic profile, low alkaline earths in the A and B horizons, but moderate 
to high percentages of both alkalies and alkaline earths in Cx and C2. The per¬ 
centage of potash in C2 indicates the presence of undecomposed minerals, this being 
confirmed by an inspection of the samples. The percentage of alumina in horizon A 
is more than 17 but that of iron oxide is only 5, explaining the light color of this 
highly eluviated horizon, whereas a percentage of 12 in horizon B explains why, with 
good drainage and hot long summers, the B horizon is red. The content of silica in 
A is high, but in B it is nearly a third less. 

The several ratios and the molecular equivalent composition in Si02, Fe203, 
A1203, and of the combined alkalies and alkaline earths are shown in Table 95. 

Table 95.—Cecil fine sandy loam, Rutherfordton, N. C. 

Sample No. 

34996 
34997 
34998 

Hori¬ 
zon 

A 
B, 
Ci 

Depth 
in 

inches 

0- 5 
5-36 

72-96 

Ratios 

7.04 
2.87 
4. 28 

35.70 
11.00 
33. 20 

ba 

0.244 
. 106 
.680 

Molecular equivalent composition 

S1O2 

1.182 
.862 
.953 

Fe203 

0.033 
.078 
.029 

AI2O3 

0.168 
.302 
.222 

Alkalies 
and 

alkaline 
earths 

0.041 
.032 
.152 

The sa ratios show that the amount of alumina relative to silica in Bx is a third 
more than in Cx, whereas that in A is one and six-tenths times as much. In these 
soils, derived from crystalline rocks, the difference between the ratios in Bi and Ci 
can not be ascribed entirely to accumulation by illuviation, as was done in the coastal- 
plam soils where not due to original sediments. The Cx horizon in the piedmont 
plateau soils, especially this profile of the Cecil, contains undecomposed feldspathic 
minerals. Part of the increase of alumina in Bx over that in Cx is due to the decom¬ 
position, and consequent loss, of silica from these minerals by the time their products 
have been incorporated in Bx. The concentration of iron oxide is still greater, that 
in Bx being three times that in Cx, and that in A is a little more than that in C. In 
this case there can be no question about the sufficiency of the gain in Bx to com¬ 
pensate for the loss in A. The question of the source of the iron oxide in Bx has been 
frequently raised by American workers. It has usually been ascribed to eluviation 
or podzolic profile development entirely. On the other hand it may have been 
accumulated through the influence of ground water. Harrassowitz (5) places a gray 
zone m Lateritic soils below the iron crust and makes them mutually dependent * In 
this case the iron crust is formed from material taken from the lower lying gray layer 
within the ground-water zone and concentrated at its surface. Campbell (3) is even 
more emphatic in ascribing the concentration of iron to ground water, but he does not 
discuss an underlying gray zone. 

In the case of the Cecil soils it is practically certain that ground water can not 
have been a factor, since it lies now and has lain throughout late Pleistocene and 
recent times many feet below either the surface soil or the B horizon. The B horizon 
also in the Cecil soils is not the equivalent, either in form or position in the profile 
of the iron oxide crust in Lateritic soils but on the other hand occupies the same 
position in the soil profile and has the same physical character as the B horizon 
of the Gray-Brown Podzolic soils. The accumulation of the iron oxide as a product 
of ground-water influence can not be considered a possibility in view of all these 
conditions. 

The C2 horizon consists of gray disintegrated but not leached rock which has 
not suffered oxidation and presumably not much chemical decomposition The ba 
ratios (Table 95) show that the loss of bases between Cx and Bx is very great B 
containing, relative to alumina, only a sixth as much as Cx. The higher ratio in V 
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expresses the lower percentage of alumina, but it is also influenced partly by the 

higher percentage of bases in the organic matter. 

The color of the A horizon20 is reddish brown and shows less gray than the highly 

sandy, highly eluviated A horizon of much of the Cecil sandy loam. The mechanical 

composition shows that the A horizon contains 15 per cent of clay, an unusually 

high percentage for the A horizon of Cecil sandy loam or Cecil fine sandy loam. 

Both this and the color strongly suggest that the A horizon is what del Villar (18) 
would call a subserial A, or one developing on a former B. The probability that this 

is the case is still further suggested by the higher content of iron oxide in A than in 

C2. An explanation of its presence, since it is clearly an accumulation, in any other 

way than as a B horizon now being converted into an A, after the former A has been 

removed by erosion and considerable progress has been made in the transformation, 

is apparently difficult. 

The molecular equivalent figures show the same concentration of alumina in B 

as is shown by the sa ratios. The amount in A is a little more than half that in Bj. 

and about 22 per cent more than in C2. 

Eluviation has concentrated both iron oxide and alumina in Bb although A 

has an unusually large amount of both and the removal of alkalies has been very 

great. 
The work of Holmes and Edgington in studying the colloid from Miami and 

Chester soils has already been referred to (pp. 33 and 36.) Their work includes 

the study of the colloid of Cecil soils 21 from 15 localities, from North Carolina to 

Alabama, some including studies of the entire profile. 

Among the Cecil profiles studied by them is that near Rutherfordton, N. C., 

discussed in the foregoing paragraphs. The composition of the colloid from the A, 

B1} and Ci horizons is shown also in Table 94. 

Table 96.—Colloid of Cecil fine sandy loam, Rutherford County, N. C. 

Sample No. 
Hori- 

Depth 
in 

Ratios 
Molecular equivalent 

composition 

inches 
sa sf ba Si02 Fe2C>3 AI2O3 

34996 __ __ ___ A 0- 5 1.59 8.15 0.040 5.47 0. 67 3. 45 
34997 ___ _ Bi 5-36 1.46 5.8 .022 5. 25 .91 3. 58 

34998 __ ___ Ci 72-96 1.22 7.0 .024 4.75 .68 3. 90 
S4QQQ _ _ C2 112+ 2.23 

1 

The percentage of sesquioxides in A is more than twice as large in the colloid as 

in the soil but the sum of the percentages of the alkalies and alkaline earths is much 

lower. The percentage of CaO is nearly the same in both, but the K20 in the soil is 

about seven times that in the colloid. The percentage of silica is much lower in the 

colloid. The percentages of sesquioxides in the colloid are very nearly the same in 

all the soil horizons, that of iron oxide being a little higher in Bx, that of alumina 

in Ci. The percentage of Fe203 in Bx is nearly 25 per cent higher than in Cj. The 

greater accumulation of iron oxide than of alumina in B seems to be in harmony 

with the suggestions obtained from a study of the coastal-plains soils, that the iron 

oxide accumulation in the Red and Yellow soils is generally greater than that of 

alumina. In the coastal-plain soils it was not everywhere present in the B horizon 

and because of this was tentatively explained as the product of ground water. In the 

Cecil soils it occurs in horizon B and when present is not a product of ground water. 

The sa ratios for the three horizons (table 96) seem to be very significant. If 

the bases were present mainly in the form of absorbed bases on the colloid and if the 

soil minerals were so thoroughly decomposed that the whole soil, other than quartz, 

is colloid, the ratios for the same horizons in whole soil and colloid should be about 

the same. A mere inspection of samples of the whole soil shows that a very small 

proportion of undecomposed minerals remains, consisting mainly of mica flakes 

and quartz. It is apparent, therefore, on account of the large proportion of colloid 

in the whole soil, that the bases are present to an important extent in the mica 

flakes, and that a relatively small amount is present as absorbed bases. 

The significance of the relationship of ba in the soil and in the colloid is well 

brought out by a comparison of the ba ratios in the whole soil of Miami silt loam 

Hancock County, Ind., (table 148, p. 70) and of the colloid from it with these ratios 

for the Cecil soil and colloid. This relationship is best shown by comparing ba 

ratios in soil and colloid for the B horizons in both soils. In the Miami silt loam, 

whole soil, ba in B is 0.387, and that for the colloid of the same soil and horizon is 

0.172. That in the colloid is about half that in the whole soil. In Cecil fine sandy 

loam, ba in the B horizon for the whole soil is 0.106, and that in the colloid for the 

same soil and horizon is 0.022, only about a fifth that in the whole soil. The 

absorbing capacity of the colloid in the Miami is higher than that in the Cecil. 

After the preceding paragraph was written the work of Holmes and Edgington 

(10) was published. The results show that the average base-exchange capacity of 

colloid from B horizon of 9 profiles of Miami soils is 38.7 milliequivalents per 100 

grams; that of the B horizon of 17 samples of Cecil soils is 7.9 per 100 grams. 

The high silica in the colloid of the A horizon may be due to the presence of 

quartz of colloidal size or to the presence of feldspathic or micaceous minerals, but 

the low base content makes the presence of the latter highly improbable. 

Both the sa ratios and the molecular equivalent composition show low alumina 

in A and B as compared with Cx, but it is high in all horizons of the whole soil when 

compared with the molecular equivalent composition of C2. 

In this soil, especially in the B horizon where the percentage of undecomposed 

silicate mineral (mica) is very small and where the iron is practically all in the form 

of oxide, the silica is practically all in combination with the alumina except such 

small amount as may be present as quartz. The percentage of silica in the colloid 

of the B horizon, 37.34, multiplied by 0.847 gives 31.6. This is the percentage of 

alumina required by the silica if all the latter be combined with alumina in the molec¬ 

ular ratio of 1 alumina to 2 silica. Since the percentage of alumina present is 36.57 

2° The author did not collect this sample and has not seen the topographic situation of the spot where it was collected, 

a The two samples from the northern piedmont, one from Maryland, the other from Virginia, are not members of the Cecil series. 

it is apparent that a considerable part of it must be present as free alumina. This 

is indicated also by the sa ratio which is below 2 in all horizons. 

However much silica may be present in other forms than in combination with 

alumina at a 1 to 2 molecular ratio does not affect this conclusion. If any such silica 

were present the effect would be to increase the relative quantity of free alumina. 

The percentage of quartz present in B as determined by microscopic analysis 

by Fry in the laboratories of the Bureau of Chemistry and Soils is 19. Deducting 

this from 52, the percentage in the whole soil, leaves 33. The percentage of silica 

in the colloid of B, as determined chemically by Holmes, being 31.67 is very close to 

that determined by Fry, giving a high degree of confidence in the microscopic method 

when handled skillfully. 

The composition of a sample of Cecil clay loam from Green Hill, N. C., is shown 

in Table 97. 

Table 97.—Composition of Cecil clay loam, Green Hill, N. C.1 

Ho¬ 
rizon 

Depth 

Chemical2 

Si02 Ti02 Fe2(>3 AI2O3 MnO CaO MgO K2O Na20 P205 SO3 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. Per ct. P.ct. P. ct. 
/»58. 96 1.41 5. 10 16. 28 0.076 0.05 0. 37 2. 24 0. 67 0. 10 0. 08 15.04 100. 38 0.169 
l*169. 38 1.66 6.00 19. 16 .089 .06 .44 2. 64 .79 . 12 .09 100. 43 
f“58. 33 1.47 6. 38 20. 06 .056 Tr. .58 2. 20 . 45 . 10 .07 10. 79 100. 49 .081 
\*65. 38 1.65 7.15 22. 48 .063 Tr. .65 2.46 .50 . H .08 100. 52 
f°49. 95 1.43 9.31 26. 54 .040 Tr. .45 1. 43 .40 .04 .07 10. 63 100. 29 .026 
1*55. 88 1.60 10. 42 29.69 .050 Tr. .50 1.60 . 45 .04 .08 100. 31 
/»44. 68 2. 11 11.36 27. 68 .095 Tr. 1. 30 1. 88 .32 . 18 .05 10. 59 100. 25 .006 
1*49.97 2.36 12. 70 30. 94 . 106 Tr. 1. 45 2. 10 .36 .20 .06 100. 25 
/“51.39 1. 23 5. 56 24. 72 . 125 1.03 1.43 5. 84 1.90 .64 .03 5.63 99. 52 .000 

84-j- 
\*54. 46 1. 30 5. 89 26. 19 . 130 1.09 1. 56 6.19 2. 01 .68 .03 — 99. 53 — — 

Sample 
No. 

236504 

236505 

236506., _ 

236507-8 _ 

236509.. . 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanicals 

Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 
mm) 

Medium 
sand 

(diameter 
0.5-0.25 

mm) 

Fine 
sand 

(diameter 
0.25-0.1 

mm) 

Very fine 
sand 

(diameter 
0.1-0.05 
mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
236504_ Ai 0- 1 3.0 10.1 4.6 21.6 8.4 25.9 26.3 99.9 
236505_ A2 1- 6 2.8 7.0 4.0 20.6 9.6 26.6 29. 5 100.1 
236506_ B, 6-40 2.4 5.4 2.8 12.6 8.0 24.7 44.1 mo 
236507-8_ b2 40-84 1.0 6.0 6.6 23.5 9.9 21.9 31.3 100.1 
236509_ C 84+ 5.0 18.6 11.0 34.6 8.0 14.1 8.7 mo 

1 Collected by R. C. Jurney. 
2 Analyzed by G. Edgington. 
1 Analyzed by A. A. White. 

The soil contains a high percentage of alumina in the A2 horizon, the first two 

figure lines representing a very thin Ax. It has already been explained that Cecil 

clay loam is usually a subserial soil where it has any A horizon at all. Otherwise 

it is merely a mutilated sandy loam or fine sandy loam. The fine sandy loam from 

Rutherford County, N. C., was described as a probable subserial soil, but it is one 

in which the development of a new A on the old B has attained a more advanced 

stage than that attained in the clay loam from Green Hill, N. C. 

Notwithstanding the fact that the texture of this soil is clay loam, it is well 

eluviated. The A horizon still contains a relatively high percentage of iron oxide, 

enough to give it a well-defined reddish shade. The apparent percentage in At is, 

however, only about half as much as in B2. Of alumina also the B2 horizon con¬ 

tains 50 per cent more than in Ax. Alkaline earths have been almost entirely 

leached out of the solum but the percentage of potash is still relatively high, but 

lower in Bx than in A. In C it is high. The percentage of combined water is high, 

indicating a high degree of decomposition of the soil minerals. 

The several ratios and the molecular equivalent composition in Si02, Fe203, 

and A1203, and of the combined aklalies and alkaline earths are shown in Table 98. 

Table 98.—Cecil clay loam, Green Hill, N. C. 

Sample No. 
Hori¬ 
zon 

Depth 
in 

inches 

Ratios Molecular equivalent composition 

sa sf ba Si02 Fe2C>3 AI2O3 

Alkalies 
and 

alkaline 
earths 

236505_ A2 1- 6 4.94 24.23 0.155 1.08 0. 0440 0.220 0.034 
236507_ 
236508 

} b2 40-84 2.74 10.42 .092 .83 .0800 .302 .028 

236509_ c 84+ 3.53 24.50 .458 .90 .0369 .256 .117 

The sa ratio for C is nearly 35 per cent greater than for B2, showing an impor¬ 

tant accumulation of alumina in B2. That for A2, however, shows lower alumina 

than in B2 or C. The amount of iron oxide in B2 is more than twice that in C on 

the basis of an assumption of no removal of silica from B2. Some removal has 

probably taken place as a result of decomposition of minerals. This is compara¬ 

tively small, so that the accumulation of iron oxide has been heavy. The amount 

of alumina in B2 over that in A2, on the same assumption, is much less than twice 

that in C. Such loss of silica through mineral decomposition as has taken place 

has affected alumina in the same way as iron oxide. The accumulation of iron 

oxide in B2, therefore, has been much greater, compared with C, than of alumina. 

This is brought out more clearly and given numerical expression by comparing the 

iron oxide-alumina ratios of the B2 and C horizons. The ratio in B2 is 10.4, and in 

C it is 7. The ba ratios bring out the heavy loss of alkalies and alkaline earths, 

the apparent loss for B2, however, being greater than for A2. 

A Cecil fine sandy loam from Brooks Cross Roads in Yadkin County, N. C., 

shows a wider range of differences between A and B than the two Cecil soils already 

described, being a sandy loam in further stage of development than the Rutherfordton 

soil. Its composition is shown in Table 99. 
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Table 99.—Composition of Cecil fine sandy loam, Brooks Cross Roads, Yadkin County, N. C.1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical 2 

S1O2 Ti02 Fe203 AI2O3 MnO CaO MgO K20 Na20 P205 SO3 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 
(“88. 02 0. 22 0. 76 4. 47 0. 009 0.04 0.04 1. 19 0.35 0. 02 0. 05 4. 63 99. 80 0. 068 

236901_ Ai \b92. 29 .23 .80 4. 69 . 009 . 04 . 04 1. 25 .37 .02 . 05 99. 79 
J “87. 13 .54 1.40 5. 63 .013 Tr. . 17 2. 05 1.41 .04 .13 3.13 101. 64 .070 

236902-3 . A2 1- 7 1 b89. 93 . 56 1. 44 5. 81 . 013 Tr. . 18 2. 12 1. 46 . 04 . 13 101. 68 
(“69. 49 .85 4. 85 15. 86 .013 Tr. . 26 1. 52 1. 16 .09 . 13 7. 21 101.43 .060 

236904-5 . Bi 7-14 U74. 89 .92 5. 22 17. 07 .014 Tr. .28 1. 64 1. 25 . 10 . 14 101. 52 
/ “34. 24 1.31 11. 18 35. 42 .013 Tr. . 17 .62 .73 . 18 . 10 17. 07 101. 03 .040 

236906_ B2 \&41. 21 1. 58 13. 46 42. 63 . 016 Tr. . 20 . 75 . 88 . 22 . 12 101. 07 
f“49. 62 .80 8. 43 27. 45 .020 Tr. .63 2. 08 1.04 .09 . 12 10. 74 100.02 .020 

236907_ C 40-f- 
P55. 54 .90 9. 44 30. 72 .020 Tr. .71 2. 33 1.17 . 10 . 13 — 100. 06 — — 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 mm) 

Medium 
sand 

(diameter 
0.5-0.25 

mm) 

Fine 
sand 

(diameter 
0.25-0.1 

mm) 

Very fine 
sand 

(diameter 
0.1-0.05 

mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
236902-3_ A2 1- 7 7.6 13.8 7.1 37.1 10.8 16.5 7.6 100.6 
236904-5 _ B, 7-14 3.9 9.6 5.0 22.7 7.4 17.6 34.0 100.2 
236906_ b2 14-40 . 7 3.2 1.8 6.4 2.6 13.2 72.4 100.1 
236907_ C 40+ 3.4 6.8 3.0 15.4 4.8 14.8 52.2 100.4 

1 Collected by W. D. Lee. 2 Analyzed by G. J. Hough and G. Edgington. 3 Analyzed by V. Jacquot. 

The C horizon in this profile includes material more thoroughly decomposed 

and leached than in the two Cecil samples previously described. Only the upper 

part of horizon C was sampled. The minerals, except plates of mica, are decom¬ 

posed beyond recognition by the unaided eye, and the horizon seems to contain a 

great deal of clay. The percentage of clay in horizon C is more than 50, whereas 

that in the deepest part of the Green Hill sample (Table 97) is only 8 and in the 

Rutherfordton sample (table 94), between 72 and 96 inches, is 14. 

The percentage of CaO has been reduced to a trace, while in the lowest horizon 

of the Green Hill profile it was 1.09, though in the horizons above this it had been 

reduced to a trace. The percentage of potash is low for all horizons of the solum, 

being lowest of all in B2 where the percentages of alumina and clay are highest. 

The percentage of potash in C, however, is 2.33, showing the results of the mica 

present. The percentage in A2 is higher than in any other horizon of the solum, 

expressing the concentration of the micas by the removal of alumina and iron oxide 

through eluviation. Alumina and iron oxide are both low in Ai and A2, much lower 

than in the Rutherfordton profile of Cecil fine sandy loam. Silica is correspondingly 

high. Ignition loss in B2 is higher than in the corresponding horizon of Cecil clay 

loam at Green Hill, N. C., but the alumina also is higher. 

The several ratios and the molecular equivalent composition for Si02, Fe203, 

and A1203, and of the combined alkalies and alkaline earths are shown in Table 100. 

Table 100.—Cecil fine sandy loam, Brooks Cross Roads, Yadkin County, N. C. 

Ratios Molecular equivalent composition 

Sample No. 
Hori¬ 
zon 

Depth 
in 

inches 
sa sf ba Si02 Fe203 AI2O3 

Alkalies 
and 

alkaline 
earths 

236902_ _ 
} A2 

b2 

26.30 165. 50 0.809 1.49 0. 009 0. 057 0.046 
236903 _ 
236906 _ 14-40 1.64 8. 10 .066 .68 .084 .417 .022 
236907_ c 40+ 3. 07 15. 59 .201 .92 .059 .300 .043 

These results are consistent in showing the well-defined features of a normal 

podzolic profile so far as the relations of silica, iron oxide, and alumina are concerned. 

Both iron oxide and alumina are concentrated in the B horizon and have been lost 

from A2, the alumina in A2 being only a little more than a fifth of that in C and the 

iron oxide in A2 being only about one-seventh of that in C. The percentage of silica 

is much higher in A2 than in either B2 or C. 

The sa ratios show that the alumina in B2, relative to silica, is nearly twice that 

in C. The sf ratios show almost the same relationships of iron oxide in the two 

horizons. The alumina-iron oxide ratios in the two horizons, 5.07 in C and 4.2 in 

B2, show that iron oxide, relative to silica, has accumulated in B to a greater extent 

than alumina, but the difference is by no means so great as in the Green Hill, N. C., 

profile. This is in line with what has already been said about this sample (Brooks 

Cross Roads). The material here designated as C horizon material is from the top 

of C only, where it is grading into B2. The accumnlation of iron oxide in B2 is greater, 

however, than that of alumina. The molecular equivalent composition shows accum¬ 

ulation of both iron and alumina and loss of silica in B2. 

The molecular equivalent composition of the combined alkalies and CaO shows 

that, although the sample from the C horizon does not extend to considerable depth, 

the B2 horizon has only half the amount contained in C. 

The composition of a Cecil sandy loam profile from Anderson County, S. C., is 

shown in Table 101. 

Table 101.—Composition of Cecil sandy loam, Anderson County, S. C.1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P205 SO3 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct P. ct. P.ct. P. ct. P. ct. P. ct. P.ct. 

r«84. 34 0. 42 1. 37 5. 05 0. 047 0. 12 0.01 0. 64 0, 42 0. 03 0.03 7.48 99.96 0.119 _ 
32365- Ai 0- 2 \H)1 15 45 1 48 5 46 051 13 01 . 69 45 03 . 03 99. 93 

r-86.15 .53 1.56 6. 33 .032 Tr. .08 .77 .39 .03 .03 4.18 100. 08 .042 
32366_ A2 \*>8Q QO 55 1 63 6 61 033 Tr 08 80 41 03 . 03 100. 07 

r«52. 03 1.24 9. 23 25. 55 .044 Tr. .42 1.10 .42 .11 .03 10. 32 100.49 .020 
32367-8-- B 10- 90 \f-58 00 1 38 10 29 28 49 049 Tr . 47 1 23 47 12 03 100. 53 

(“56. 33 .92 7. 12 24. 24 .054 Tr. .83 2.02 .39 .12 .01 8. 47 100. 50 .050 _ 
32369_ Ci 

P61. 53 1.00 7.78 26. 48 .059 Tr. .91 2.21 .43 .13 .01 100. 54 __ __ _ 

151-270 
f°69. 85 .57 3.87 17.19 . 145 Tr. .63 2. 26 .41 .09 Tr. 5.46 100. 48 .003 _ 

32370-2-_ C2 \fe73. 91 .60 4. 09 18.18 .153 Tr. .67 2.39 .43 .10 Tr. 101. 52 

Table 101.—Composition of Cecil sandy loam, Anderson County, S. C.—Continued 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 
mm) 

Medium 
sand 

(diameter 
0.5-0.25 

mm) 

Fine 
sand 

(diameter 
0.25-0.1 
mm) 

Very fine 
sand 

(diameter 
0.1-0.05 
mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

32365_ Ai 0- 2 8.4 31. 3 7.4 16.1 4.2 20.8 11.8 100.0 

32366_ A2 2- 9 11.2 23.6 6.6 15.5 6.6 28.4 8.0 99.9 

32367-8_ B 10- 90 1.4 7.9 3.3 8.4 2.8 29.2 46.8 99.8 
32369_ Cl 91-150 1. 5 8.9 3.2 8.6 2.4 52.9 22.6 100.1 
32370-2_ C2 151-270 7.2 15.2 4.2 10.2 4.4 47.8 10.7 99.9 

3 Analyzed by J. B. Spencer. 

This is another typical Cecil profile developed under good drainage and not muti¬ 

lated by erosion. The differentiation of the solum into A and B horizons is well marked. 

The A2 horizon is yellow and sandy, the percentage of sand, shown by its mechanical 

composition in Table 101, of all grades being about 50, and of clay only 8. The 

B horizon is red, contains about 20 per cent sand of all grades, and in the upper 

part, 55 per cent clay. The C2 horizon lies well down in the mass of disintegrated 

rock material and contains some undecomposed minerals. The percentage of clay 

is only 10.7, whereas that in B is 47 and in the upper part of B, not shown separately 

in the table, is 55. The texture differences between the horizons are very large. 

The maximum percentage of alumina in B is less than in the preceding Cecil profiles, 

and the same is true of iron oxide. The percentage of sand in each, Bx and B2, is 

nearly 60, whereas that in the Brooks Cross Roads profile (Table 99) is more than 65, 

but in the clay loam from Green Hill, N. C., it is a little more than 40. 

The calcium content, like that in the Cecil profiles already examined, is extremely 

low, having been reduced to a trace even to a depth of more than 20 feet. 

The content of potash, however, is high in C2 but low in Ax and A2. The content 

of Na20 is low throughout. The loss on ignition, which in the B horizon measures 

approximately the content of combined water, is practically the same as in the 

preceding profiles of Cecil soils, around 10 per cent, except in the Brooks Cross 

Roads, N. C., profile, where it amounts to a maximum of 17 per cent. 

The several ratios and the molecular equivalent composition in Si02, Fe203, 

and A1203 and the sum of the separate molecular equivalents of the alkalies and 

alkaline earths are shown in Table 102. 

Table 102.—Cecil sandy loam, Anderson County, S. C. 

Ratios Molecular equivalent composition 

Sample No. 
Hori¬ 
zon 

Depth 
in 

inches 
sa sf ba Si02 Fe2C>3 A12Os 

Alkalies 
and 

alkaline 
earths 

32366.__ A2 2- 9 23.27 146.0 0.323 1.49 0.010 0.064 0.015 
32367 _ 
32368--- 
32370.__ 

} B 
1 

10- 90 3.46 15.0 .106 .96 .064 .278 .020 

32371--- 
32372. . 

f C2 151-270 6.90 48.0 .278 1. 22 .025 .178 .032 

The sa ratio in horizon B is half that in C2. That this is not due to accumulation 

of alumina in B alone is probable on the basis of the appearance of materials from the 

two horizons. Horizon C2 contains a considerable percentage of undecomposed 

minerals. The molecular equivalent composition of silica shows that loss of silica 

has taken place in B, but the proportion of loss over that in C2 is much less than 

would be necessary to account for the total difference in sa ratios between B and C2, 

on the basis of loss of silica alone. The sa differences are due, therefore, both to loss 

of silica and accumulation of alumina, but the former has been small compared to the 

latter. The relative number of alumina molecules in B is practically 50 per cent more 

than in C2. 

The sf ratio for B is less than a third as large as in C2, indicating that the iron oxide 

in B is three times as much as in C2. The loss of silica, which has reduced the indi¬ 

cated accumulation of alumina in B, acts in the same way with respect to the iron 

oxide. The molecular equivalent composition shows the number of molecules of 

iron oxide in B to be almost three times the number in C2. The number of alumina 

molecules in this horizon is less than twice that in C2. It is clear that alumina 

and iron oxide have both been accumulated in B and have been removed from Ax and 

A2, but that iron oxide has increased in B more than alumina. This is shown also by 

the alumina-iron oxide ratios of 4.3 and 6.9, respectively, in horizons B and C2. 

The total quantities of alkalies and lime, in proportion to alumina, are greater in A2 

than in C2, but the actual quantities per unit of weight of material, as shown by the 

molecular equivalent composition, are smaller in A2 than in either B or C2. The rela¬ 

tive number of mo.ecules in B is 50 per cent less than in C2, while those in A2 are less 

than half those in C2 and 30 per cent less than those in B. 

The composition of material from the various horizons of another profile of Cecil 

sandy loam, from Milner, Lamar County, Ga., is shown in Table 103. 

Iable 103. Composition of Cecil sandy loam, Milner, Lamar County, Ga.1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe2(>3 AI2O3 MnO CaO MgO k2o Na20 P205 SOs 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 
957806 Ai 0- 2 

J°81.82 0.46 1.07 5. 21 0. 02 0.04 0. 02 0. 63 0. 23 0.06 0. 07 10. 56 100.19 0.173 
\k91.49 . 51 1. 20 5. 82 .02 .04 .02 .70 .26 .07 .08 100. 21 

257807 2- 9 (“90. 22 .49 .95 4.81 .02 Tr. .01 .60 .16 .02 .05 2. 38 99.71 .023 
\692. 41 . 50 .97 4. 93 .02 Tr. .01 .61 .16 .02 .05 99.68 

257808 B 9-48 
Ja56. 47 .81 7.44 25. 39 .02 Tr. .03 1.28 .20 .06 .08 8.52 100. 30 .011 
U61. 72 .89 8.13 27. 74 .02 Tr. .03 1.40 .22 .07 .09 100. 31 

257809 c 48-65 /a55. 95 . 85 7. 95 25. 20 .02 Tr. .12 2.31 .24 .08 .07 7.28 100.07 .007 
+60. 33 .92 8. 58 27.18 .02 Tr. .13 2.49 .26 .09 .08 100.07 

1 Collected by S. O. Perkins. 
2 Analyzed by G. Edgington. 1 Collected by Mark Baldwin and E. D. Fowler. 2 Analyzed by G. Edgington. 
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Table 103.—Corn-position of Cecil sandy loam, Milner, Lamar County, Ga.—Continued 

Mechanical3 

Sample No. 
Hori¬ 
zon 

Depth Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 
mm) 

Medium 
sand 

(diameter 
0.5-0.25 
mm) 

Fine 
sand 

(diameter 
0.25-0.1 

mm) 

Very fine 
sand 

(diameter 
0.1-0.05 

mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 

0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

257806 __ --- _ Ai 
Inches 

0- 2 
Per cent 

6. 5 
Per cent 

24.4 
Per cent 

9.6 
Per cent 

22.9 
Per cent 

10. 3 
Per cent 

20.4 
Per cent 

6.7 
Per cent 

100.8 
99.7 

100. 2 
100.1 

257807 _ - - - - 2- 9 5.4 23.4 10.4 26.6 10.4 21. 4 3.1 

257808 _ _ __ B 9-48 2.2 10. 7 4. 2 10.4 5.6 26.6 40. 5 

257809 _ --- - - - C 48-65 3.1 11.0 4.4 15.4 12.4 30. 6 23. 2 

3 Analyzed by J. B. Spencer and V. Jacquot. 

Table 105.—Composition of Cecil fine sandy loam, Lula, Hall County, Ga.—Continued 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 
mm) 

Medium 
sand 

(diameter 
0.5-0.25 

mm) 

Fine 
sand 

(diameter 
0.25-0.1 

mm) 

Very fine 
sand 

(diameter 
0.1-0.05 

mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

28911_ A 2-10 1.6 10.2 12.2 36.2 16.2 17.0 6.5 99.9 

28912_ B 12- 40 .5 6.6 4.5 16.8 9.5 23.3 38.8 100.0 

28913_ Ci 40- 60 2.0 10.0 5.8 22.0 12.6 24. 1 23.5 100.0 

28914_ C2 60-100 1.9 12.0 6.7 28.7 12. 2 25.3 13.2 100. 0 

28915_ C3 150+ 5.4 25.3 12.8 34.2 11.4 7.5 3.3 99.9 

3 Analyzed by A. A. White. 

This soil is a well-developed sandy loam with well-marked differentiation of 

A and B horizons, but the depth of sampling was not sufficient to reach undecomposed 

material. The upper part of the C horizon, extending from 48 to 65 inches, consists 

of rather well decomposed material but with a considerable mica content. The lime 

has been leached to a trace from all the horizons except a very small amount in Ax, 

where it is probably present in the organic matter. The higher percentage of 

potash in C than in the other horizons shows the presence either of undecomposed 

minerals or of a more active colloid than in A and B. There may be some suggestion 

that the latter is the true explanation in the low percentage of Na20, the amount 

being very little more than in B. 
The probability of the presence of a more active colloid is rendered very slight 

by the results obtained by Holmes and Edgington (10). Of the 17 profiles of Cecil 

soils, the colloid materials of which were examined by them, 8 included material from 

the C horizon. Their definition of the C horizon is identical with that used in 

defining the C horizon from the Alii nor County, Ga., sample, and their results will 

apply to the latter. In no case was the C horizon colloid essentially more active 

than that of the B horizon. 
The sample from Decatur, De Kalb County, Ga. (Table 104), is a typical fine 

sandy loam, hut even at a depth of 9 feet from the surface the material is well leached. 

Table 104.—Composition of Cecil fine sandy loam, Decatur, De Kalb County, Ga4 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 TiOa Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P205 SO3 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

30263_ 

30266_ 

30269_ 

Ai 

Bi 

Ci 

Inches 

+2- 4 

17- 22 

86-120 

P. ct. 
G84..59 
p86. 69 
f“64. 56 
U69. 29 
(“62. 73 
\367. 94 

P. ct. 
0. 80 
.82 
.96 

1. 03 
.71 
.77 

P. ct. 
3. 63 
3. 72 
7.15 
7. 67 
7. 46 
8.08 

P.ct. 
6. 92 
7. 09 

18. 54 
19.89 
19. 26 
20. 86 

P. ct. 
0.02 
.02 
.02 
.02 
.10 
.11 

P. ct. 
0.10 
.10 
.06 
.03 
.08 
.09 

P. ct. 
0.40 
.41 
.22 
.24 

1. 22 
1. 32 

P. ct. 
1. 04 
1. 07 
1.16 
1.24 
1. 00 
1.08 

P. ct. 
0.24 
.25 
.28 
.30 
.26 
.28 

P. ct. 
0.21 
.22 
.26 
.28 
.29 
.31 

P. ct. P. ct. 
2. 45 

6. 8l" 

"7." 67~ 

P. ct. 
100. 40 
100. 39 
100. 02 
100.14 
100. 78 
100. 84 

P. ct. P. ct. 

Mechanical3 

30263. 
30264. 
30265. 
30266. 
30267. 
30268. 
30269. 
30270. 

Sample No. 
Hori¬ 
zon 

Ai 
As 
A3 
Bi 
B2 

Bs 
Ci 
C2 

Depth Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 
mm) 

Medium 
sand 

(diameter 
0.5-0.25 

mm) 

Fine 
sand 

(diameter 
0.25-0.1 

mm) 

Very fine 
sand 

(diameter 
0.1-0.05 
mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Total 
mineral 
constit¬ 
uents 

Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

u- 4 6.8 14.2 7.4 33.4 15.0 13.0 10.3 100.1 

'0- 8 6.5 11.0 7.2 34.4 15.6 16.7 8.7 100.1 

9- 16 3.8 10.6 6.0 28.2 12.8 21.0 17.7 100.1 

17- 22 3.4 7.6 4.4 20.4 9.7 17.1 37.5 100.1 

23- 62 1.2 4.8 2.4 11.2 6.6 19.0 54.8 100.0 

63- 85 1.2 5.0 3.6 25.5 10.4 23.3 31.1 100.1 

83-120 3.7 11.8 8.6 41. 2 12.2 15.7 6.8 100.0 

120-168 1.5 11.9 9.5 43.0 15.0 16.3 2.8 100.0 

1 Collected by Mark Baldwin. 
2 Analyzed by I. A. Denison. 
3 Analyzed by A. A. White and J. B. Spencer. 

The surface soil with 75 per cent of sand of all classes and only 6.5 per cent of 

clay is a very light textured sandy loam. The B horizon, however, has 39 per cent 

of clay and 62 per cent of silt and clay combined. From a depth of 40 inches down¬ 

ward the percentage of clay decreases to 3 at a depth of 12 feet, and at this depth 

the materials consist almost entirely of disintegrated rock. 

This profile differs from most of the Cecil profiles already examined in the low 

percentage of iron oxide, the maximum being 6.2. The percentage of alumina in 

B, the maximum in the profile, is about an average of the profiles already examined. 

The percentage of CaO is low but is present in all horizons higher than a mere 

trace. The percentage of potash is moderate to a depth of 8 feet. At 12 feet 

it is relatively high, 3.3 per cent, indicating the presence of undecomposed 

minerals. 
The several ratios and the molecular equivalent composition for Si02, Fe203, 

and A1203, and of the combined alkalies and alkaline earths are shown in Table 106. 

Table 106.—Cecil fine sandy loam, Lula, Hall County, Ga. 

Ratios Molecular equivalent composition 

Sample No. 
Hori¬ 
zon 

Depth 
in 

inches sa sf ba SiOa Fe203 AI2O3 

Alkalies 
and 

alkaline 
earths 

28911_ A 2-10 34.00 193.8 0. 256 1.53 0.008 0.04 0.0115 

28912_ B 12-40 3. 90 27. 1 .077 1.05 .038 .27 .0207 

28915_ _ _ C3 150+ 6. 38 63.2 .225 1.21 .019 .19 .0448 

The percentage of alumina in proportion to silica in B is practically twice that 

in C3, and that in A is only a fifth of that in C3. The relative number of molecules 

of silica in B, however, is about 15 per cent less than in C3, so that, as in the other 

Cecil profiles, a small part of this increase of alumina in B must be ascribed to loss 

of silica. The sf ratio in B is less than that in C3. Since the loss of silica in B over 

that in C3 affects both alumina and iron oxide to the same extent, it is clear that 

here again, as in the Cecil profiles already examined, iron oxide has accumulated in 

B to a greater extent than alumina. The maximum percentage of both is found in 

the same horizon rather than in different horizons or at different depths as was the 

case in some of the soils of the coastal plain. 

The presence of half as many molecules of total alkalies and alkaline earths, 

except MgO, in A as in B with more than six times as many alumina molecules in B, 

per unit of weight in both cases, shows either that horizon A must contain undecom¬ 

posed primary silicate minerals in greater quantity than B or that the alumina in 

B is not equally absorptive. It is improbable, though not impossible, that primary 

silicate minerals are present in A. 

The chemical and mechanical composition of material from a profile of Cecil 

sandy loam from Mount Airy, Habersham County, Ga., are shown in Table 107. 

The composition of colloid from the B horizon is shown also. 

The characteristics of the profile are not well brought out by the chemical 

composition. The mechanical analysis shows the composition of all the horizons 

and subhorizons that were separately sampled. It shows that the layer between 

depths of 23 and 62 inches contains 54.8 per cent of clay, while the layer between 

17 and 22 inches, the layer for which a chemical analysis was made, contains 37.5 

per cent. A chemical analysis was not made of the true B horizon. The percentage 

of alumina in A is higher than in the previously examined Cecil fine sandy loam 

profiles, except the Blither ford ton profile. The mechanical analysis shows that the 

material is rather well decomposed to a depth of 85 inches. The horizon extending 

from 7 to 10 feet, however, contains only 7 per cent of clay, indicating a stage of 

disintegration rather than of decomposition of the minerals. The high percentage 

of alumina in this horizon shows the presence of aluminum-bearing minerals. 

The composition of a sample of Cecil fine sandy loam from Lula, Ga., is shown 

in Table 105. 

Table 105.—Composition of Cecil fine sandy loam, Lula, Hall County, Ga.1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

SiOa Ti02 Fe203 AI2O3 MnO CaO MgO K20 Na20 P205 SO3 
Igni¬ 
tion 
loss 

Total N 

COs 
from 
car¬ 
bon¬ 
ates 

P. ct. P.ct. P.ct. P. ct. P.ct. P.ct. P.ct. P. ct. P.ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. 

fa89. 89 0. 61 1.23 4. 49 0. 017 0.04 0.01 0. 82 0.12 0. 01 0. 04 2. 52 99. 80 0.029 
28911_ A 2- 10 H92. 21 .63 1. 26 4. 61 .017 .04 .01 .84 . 12 .01 .04 _ 99. 79 _ _ 

fa57. 59 .49 5. 63 24.95 .016 .30 .77 1.11 . 11 .02 .11 9. 25 100. 35 .008 
28912_ B 12- 40 t&63. 45 .54 6.20 27. 49 .018 .33 .85 1. 22 .12 .02 . 12 _ 100. 36 _ _ 

/a64. 31 .39 4. 17 21. 06 .016 .28 .32 1.31 .02 Tr. .06 8. 15 100. 09 .007 
28913_ Ci 40- 60 Wo. 02 .42 4. 54 22.93 .017 .30 .35 1. 43 .02 Tr. .07 _ 100. 10 _ _ 

f«66. 50 .29 3. 37 20. 64 .020 .30 .44 1. SO .04 .01 .05 6. 93 100. 39 .006 
28914_ C2 60-100 {m. 45 .31 3. 62 22. 18 .020 .32 .47 1.93 .04 .01 .05 _ 100. 40 _ _ 

fa68. 64 . 24 2. 88 18. 29 .034 .36 .76 3. 12 .17 .04 .04 5.70 100. 27 .002 
28915_ C3 150+ \672. 79 .25 3.05 19. 39 .036 .38 .81 3. 31 .18 .04 .04 — 100. 28 — — 

Table 107.—Composition of Cecil sandy loam, Mount Airy, Habersham County, Ga1 

Sam¬ 
ple 
No. 

28917._ 

28918._ 

28919-_ 

28920 

Hori¬ 
zon 

Chemical2 

co2 
Depth Igni- from 

Si02 TiOz Fe203 ai2o3 MnO CaO MgO k2o NaaC P2Os S03 tion Total N car- 
loss bon- 

ates 

Inches P. ct. P. ct P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P.ct. P.ct. P.ct. P.ct. P. ct. P.ct. P. ct. 

(“83. 19 0.91 2. 58 6.91 0.049 Tr. 0. 01 0. 56 0. 08 0. 03 0. 04 5. 82 100.16 0. 079 
0- 4 

\388. 33 .97 2. 74 7. 34 .052 Tr. .01 .59 .06 .03 .04 _ 100.16 _ _ 

(“57. 58 1.05 9.51 21. 53 .040 Tr. .09 .80 Tr. .07 .11 8.99 99. 77 .018 
1 363. 27 1.15 10. 46 23. 66 .044 Tr. .10 .88 Tr. .08 . 12 _ 99. 76 _ 

6-30 |95 79 15 03 37 26 100 0. 16 . 29 . 29 . 08 . 13 . 19 17. 33 99. 90 

(•J34. 15 .96 18.18 45.12 .120 . 19 .35 .35 .10 .16 .23 99.91 
(“74. 59 .68 4.18 14. 66 .029 Tr. .06 .82 .06 .06 .04 5.61 100. 19 .005 

40-65 
\378. 52 .72 4. 40 15.44 .031 Tr. .06 .85 .06 .06 .04 __ 100.18 _ _ 

(“75. 41 .81 3. 87 12. 60 .084 Tr. 1.76 2. 89 .19 .04 .05 2. 71 100. 41 .001 
900+ 

\377. 50 .83 3.98 12. 95 .086 Tr. 1.81 2. 97 .20 .04 .05 — 100. 42 — — 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
1-0.5 
mm) 

Medium 
sand 

(diameter 
0.5-0.25 
mm) 

Fine 
sand 

(diameter 
0.25-0.1 

mm) 

Very fine 
sand 

(diameter 
0.1-0.05 

mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

28917 _ -- _ A_ 0- 4 3.5 15.2 11.8 14.6 10.8 30. 3 14.0 100.2 

28918 --- _ B_ 6-30 3.2 9.2 5.5 16.3 5.6 21. 5 38.8 100.1 

28919_ Cl 40-65 .4 9.8 11.4 37.6 10.8 22.4 7.8 100.2 

1 Collected by C. F. Marbut. 
2 Analyzed by G. Edgington. 
3 Analyzed by A. A. White. 

The profile is well developed, although the A horizon is thin. The material in B 

is thoroughly decomposed; that in Ci is loose, reddish, and contains considerable 

mica. The material at a depth of 75 feet is well disintegrated. Its comparatively high 

percentage of potash shows it is not thoroughly leached, but its calcium is leached to 
' Collected by C. F. Marbut. 
2 Analyzed by G. J. Hough and G. Edgington. 

a trace. 
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The composition of the colloid furnishes a better index of the character of the de¬ 

composed material than does the composition of the whole soil, since the free quartz 

and probably other minerals of the unchanged rock are absent, entirely or almost so, 

from the colloid. 

The percentage of clay in horizon A is 14 and of clay and silt is 44, indicating a 

probable subserial A. A thickness of only 4 inches points in the same direction. The 

percentages of clay in B of practically 40 and in Cx of 8 show a well-developed podzolic 

profile. 
The percentage of alumina in A is rather high for a Cecil sandy loam, being higher 

than in any of the previously examined sandy loams except the Rutherfordton 

profile. The percentage of iron oxide is high also. The maximum percentages of 

both alumina and iron oxide are found in the same horizon. 

The rather high percentage of alumina at a depth of 75 feet, being nearly as high 

as that in Ci, expresses the presence of undecomposed aluminum silicate primary 

minerals. 

The several ratios and the molecular equivalent composition for Si02, Fe203, and 
A1203, and of the combined alkalies and alkaline earths are shown in Table 108. 

Table 108.—Cecil sandy loam, Mount Airy, Habersham County, Ga. 

Sample No. 
Hori¬ 
zon 

Depth 
in 

inches 

Ratios Molecular equivalent composition 

sa sf ba Si02 Fe2C>3 AI2O3 

Alkalies 
and 

alkaline 
earths 

28917.__ A 0- 4 20. 40 85.40 0.1006 1.460 0. 017 0. 072 0. 0072 
28918-__ B 6-30 4.54 16. 00 .0403 1.050 .065 .231 .0094 
28919.__ Ci 40-65 8.64 47.29 .0661 1. 308 .027 .151 .0100 

The sa ratio in B is a very little more than half that in Ci, a relationship that 
has prevailed in several of the Cecil profiles already examined. The relative number 
of molecules of silica in B is, however, about 20 per cent smaller than the number in 
Ci, indicating, when considered in connection with the high alumina in B, that the 
ratio of silica to alumina is low. 

The sf ratio in B is practically a third of that in Cx, showing again a greater 

accumulation of iron oxide than of alumina in B. This is confirmed by the alumina- 

iron oxide ratios 3.52 and 5.5 in B and Ci, respectively. 

The sa, sf, and ba ratios of the colloid material in the B horizon (Table 107) 

are 1.28, 4.98, and 0.02, respectively. The low value for sa indicates the presence 

of free alumina, on the assumption that all the silica is combined with alumina in 

the molecular ratio of 2 to 1, that required for kaolin. On this assumption the 

silica present requires but 28.9 per cent of alumina. The actual content is 45 per 

cent. It is clear, therefore, that either free alumina is present or that an aluminum- 

silicate mineral of a lower sa ratio than 2 exists in this soil. 

The chemical and mechanical composition of material from a profile of Cecil 

clay loam from Lanett, Chambers County, Ala., are shown in Table 109, along with 

the composition of colloid extracted from horizons A, Bx, and B2 and analyzed by 

Holmes and Edgington (10) in the laboratories of the Bureau of Chemistry and 

Soils. 
Table 109.—Composition of Cecil clay loam, Lanett, Chambers County, Ala.1 

Sample 
No. 

Hor¬ 
izon 

Depth 

Chemical2 

Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P205 SO3 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 
r-67. 15 2.10 9. 48 11. 26 0.10 Tr. 0. 71 1.02 0. 40 0.16 0.10 8. 65 101.13 0.100 
11173. 50 2. 29 10. 36 12. 32 . 11 Tr. .78 1. 12 .44 .18 . 11 101. 21 

0A00A- 
1 c35. 18 1.00 12. 84 35. 80 .17 0. 29 .45 .30 .05 .25 . 10 13. 24 99. 67 
1J40. 70 1.16 14. 83 41.41 .20 .34 .52 .35 .06 .29 .12 99.98 
(“53. 06 1.63 11.55 21. 01 .07 Tr. 1.02 1. 26 .34 . 14 .09 10.08 100. 25 .020 
J '59. 00 1.81 12. 84 23. 37 .08 Tr. 1.13 1.40 .38 .16 .10 100. 27 
1 ‘34. 25 1.15 15. 20 34. 47 .10 .08 . 18 .30 .07 .04 .39 13.84 100. 07 
(‘39. 71 1. 35 17. 63 39. 95 .12 .09 .21 .35 .08 .05 .45 100. 99 
(“52. 51 1.34 11. 66 22. 10 .07 Tr. 1.80 2.12 .33 . 15 .08 8. 72 100. 88 .002 
1 ‘57. 52 1.47 12. 77 24. 20 .08 Tr. 1.98 2.32 .36 .16 .09 100. 95 

1 “36. 09 .76 14. 85 34. 12 .20 .02 .07 .37 .17 .04 .35 12. 57 99. 61 
(‘41.46 .87 17. 05 39. 20 .23 .03 .08 .42 .20 .05 .40 99. 99 

f% 241-300 
/»57. 84 1. 28 9. 59 18. 38 . 17 Tr. 2. 66 3. 26 .31 .17 .03 6. 47 100.16 .000 
(‘61. 84 1.37 10. 25 19. 63 .18 Tr. 2.84 3. 48 .33 . 18 .03 — 100.19 — — 

Sample No. 
Hori¬ 
zon Depth 

Mechanical3 

Fine 
gravel 

(diameter 
2-1 mm) 

Coarse 
sand 

(diameter 
l-0.5mm 

Medium 
sand 

(diameter 
0.5-0.25 

mm) 

Fine 
sand 

(diameter 
0.25-0.1 

mm) 

Very fine 
sand 

(diameter 
0.1-0.05 

mm) 

Silt 
(diameter 
0.05-0.005 

mm) 

Clay 
(diameter 
0.005-0.000 

mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
32352__- A 0- 7 0.8 9.6 5.5 12.9 4.8 44.1 22. 3 100.0 
32353___ Bi 8- 24 .6 5.6 3.0 8.0 7.7 22.3 52.8 100.0 
32354_ b2 25- 59 . 1 5.4 2.8 5.7 3.2 41.5 41.3 100.0 
32357_ C 241-300 • 2 7.8 4.2 11.5 5.6 52.3 18.4 100.0 

1 Collected by Mark Baldwin and E. D. Fowler. 
2 Analyzed by G. J. Hough. 
3 Analyzed by J. B. Spencer. 

Being a clay loam the percentage of both silt and clay in horizon A is high, 

that of clay being 22 and of silt and clay 66. The percentage of clay in Bx is 52 and 

in B2 is 41, while the percentage of both silt and clay in Bx is 75 and in B2 is 82. 

The percentage of clay in C, at a depth ranging from 20 to 25 feet, is 18.4 and of both 

silt and clay is 70. The minerals are thoroughly disintegrated even at this depth. 

The percentages of alumina are high in A and C, in the latter being due to the 

presence of feldspathic minerals. The percentages in Bx and B2 are not so high, 

actually or relatively, as in some of the previously examined profiles. Calcium has 

been leached to a trace, but the percentages of potash and magnesia are both rela¬ 

tively high in the solum, especially in B2, and especially high in C. The low per¬ 

centage of Na20 even in C suggests the presence of micas as the dominant silicate 

minerals rather than feldspars. This is suggested by the high percentage of silt in 

C and is confirmed by field evidence. 

The several ratios and the molecular equivalent composition for Si02, Fe203, 

and A1203 are shown in Table 110. 

Table 110.—Cecil clay loam, Lanett, Chambers County, Ala. 

Sample No. 
Hori- Depth in 

inches 

Ratios 
Molecular equivalent 

composition 

zon 

sa sf ba Si02 Fe203 AI2O3 

32352___ A 0- 7 10.14 18. 80 0.16 1.218 0.065 0. 120 

32353_ Bi 8- 24 4. 30 12.17 .09 .978 .080 . 228 
32354_ b2 25- 59 4.04 11. 93 . 13 .953 .080 .237 

32357_ c2 241-300 5.35 16.00 .19 1.025 .064 . 192 

The sa ratio for B2, the lowest of the sa ratios, is less than 25 per cent lower 

than that of C. This is a much smaller difference than is present in the Cecil profiles 

previously examined where the B ratios have been practically half those in C. The 

sf ratio in B2 is almost exactly 25 per cent lower than that in C. The alumina-iron 

oxide ratios also are almost exactly the same, being 2.95 and 2.98, respectively, for 

B2 and C. The same relationship between the accumulation of iron oxide and 

alumina in B and C, as in the other Cecil profiles examined, is shown to exist but 

the difference is extremely small. 

The composition of the colloid constitutes a part of Table 109. The percentage 

for each substance is fairly uniform throughout the profile. The percentage of iron 

oxide in the colloid of B, and B2 is higher than that in the colloid of A, and the per¬ 

centages of alumina and silica are correspondingly low. 

Loss on ignition, which in Bi and B2 expresses mainly the content of combined 

water, is 13.84 in Bx but a little lower in B2. Alkalies and alkaline earths are low, 

but the percentage of CaO in A is more than 3 times that in Bx and 14 times that in B2. 

The several ratios and the molecular equivalent composition in Si02, Fe203, and 
A1203 of the colloid of the Cecil clay loam from Lanett, Ala., are shown in Table 111. 

Table 111.—Colloid of Cecil clay loam, Lanett, Chambers County, Ala. 

Sample No. 
Hori¬ 
zon 

Depth in 
inches 

Ratios 
Molecular equivalent 

composition 

sa sf ba Si02 Fe203 Al203 

32352_ A 0- 7 1.67 7. 25 0.026 0. 734 0.101 0.441 
32353_ _ Bi 8-24 1. 70 5. 97 .017 .674 .119 .400 
32354_ b2 25-59 1.80 6.44 .021 .700 . 108 .380 

The sa ratios of the colloid are progressively larger for A, Bx, and B2, but the 

differences are small. These ratios for the colloid, like those in the Red soils from 

North Carolina southward, in all cases where colloid data are available, show the 

presence of free alumina. It is to be presumed that, had colloid composition data 

been available for the Yellow soils of the coastal plain, the same or a similar ratio 

would have been found. The composition of colloid from one sample of Norfolk 

soil from North Carolina (B horizon) showed an sa ratio of almost exactly 2 (p. 47), 

but no data are available for soils south of that. The sa ratio for the Chester and 

Miami soils (pp. 33 and 36) is higher than 2. 

The chemical composition of the A and B horizons of a Cecil clay loam from 

Washington, Wilkes County, Ga., and that of the colloid from B are shown in Table 

112. 

Table 112.—Chemical composition of Cecil clay loam, Washington, Wilkes County, Ga.1 2 

C02 
Igni- from 

Horizon Depth Si02 Ti02 Fe2L)3 A1203 MnO CaO MgO K20 Na20 P205 S03 tion Total N car- 
loss bon- 

ates 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P. cl. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 

A 0- 9 
/«83. 81 0.80J 2. 97 7.70 0.201 0.23 0.15j 0.79J 0.43 0. 06 0.02 2. 89 100. 24 0.030 
\‘86. 30 .82 3. 06 7.93 .21 .29 . 15 .81 .44 .06 .02 100. 07 
(“75. 68 .87 4.21 12.95 .17 .43 .14 .73 .24 .05 .02 5. 50 100. 98 .040 

B_ 
J ‘80. 09 .92 4.45 13. 70 .18 .45 . 15 .77 .25 .05 .02 101. 02 
1 “31. 84 .53 10. 04 38. 28 . 14 .35 .23 .46 .28 . 11 .02 18. 00 100. 28 . 110 
(‘38. 83 . 65 12. 24 46. 63 . 17 .43 .23 .56 .34 .13 .02 — 100. 33 — 

1 Collected by D. D. Long. 
2 Analyzed by W. O. Robinson and R. S. Holmes. 

The sa ratio in the colloid of the B horizon is 1.41, standing well below that for 

kaolin and, in line with the other Cecil profiles for which data on colloid composition 

are available, shows the presence of free alumina. 

The Georgeville soils are associated with the Cecil and developed under the 

same climatic and biologic environment, but from material accumulated from the 

decomposition of slates. The chemical and mechanical composition of material from 

a profile from Henrico, N. C., are shown in Table 113. 

Table 113.—Composition of Georgeville silty clay loam, Henrico, Northampton County, N. C.1 

Chemical2 

Sample 
No. 

Hori¬ 
zon 

Depth 
Igni- 

C02 

Si02 Ti02 Fe2U3 A1203 MnO CaO MgO K20 Na20 P205 S03 tion Total N car- 
loss bon- 

ates 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 

236715. A f“69. 46 0.81 5.10 15.09 0.020 0. 04 0.21 1.23 0.19 0.08 0.05 7.40 99.68 0.050 
(‘75. 02 .87 5. 51 16. 29 .020 .04 .23 1.33 .21 .09 .05 99. 62 

236716.__ Bi 6-34 
f“54.03 .66 8. 30 25. 97 .013 .30 .23 1. 56 .26 .13 .04 8. 86 100. 35 O

 

(‘59. 27 .72 9.13 28. 48 .014 .33 .25 1.71 .29 .14 .04 100. 37 

236717--. b2 34-48 
/“58. 96 .441 7. 52 22.44 .013 .14 .21 1.73 .28 .14 .05 7.53 99.45 .008 
(‘63. 78 .98 8.13 24. 27 .014 . 15 .23 1.87 .30 . 15 .05 99. 42 

236718.__ 0 48-60 
/“62.31 .97 6. 11 20. 26 .004 .22 .38 4. 35 .30 .13 .04 4. 67 99.74 .003 
(‘65. 35 1.02 6. 41 21. 24 .004 .23 .40 4. 56 .31 .14 .04 99. 70 

Mechanical3 

236715. 
236716. 
236717. 
236718. 

Sample No. 
Hori¬ 
zon 

Depth 
Fine 

gravel 
(diam¬ 
eter 2-1 

mm) 

A 
Bi 
B2 

C 

Inches 
2- 6 
6-34 

34-48 
48-60 

Per cent 
1.0 
.3 
.2 
.0 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Per cent Per cent Per cent Per cent Per cent Per cent 
1.9 1.4 21.7 26.0 15.0 33.7 100. 7 
.9 .6 11.2 10.4 21.7 54.9 100. 0 
.8 .7 19.3 17.8 24. 6 37.0 100.4 

1.4 3.4 50.0 25.4 15.4 5.0 100.6 

i Collected by W. D. Lee. 2 Analyzed by G. J. Hough. ‘Analyzed by J. B. Spencer. 
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Tlie mechanical composition shows the presence of a very low percentage, in horizon 

A, of medium and coarse sand and a relatively high percentage of fine and very fine 

sand, nearly 48 per cent, and the same percentage of combined silt and clay with 33 per 

cent of clay. The percentage of fine and very fine sand in Bi is less than half that in A, 

whereas that of silt and clay is 76 per cent and of clay alone is 55 per cent, nearly twice 

that in A. The percentage of fine sand in C, however, is 50 per cent and that of fine 

and very fine sand is 75, while that of combined silt and clay is only 20, that of clay 

alone being only 5. 
The percentage of alumina is high throughout the profile, compared with the more 

sandy red soils, being 16.3 in A and 21 in C, but in Bi it is 28.5. The percentages of 

iron oxide run about parallel with those of alumina. 

The CaO percentage is low but higher than a trace, and that of potash is mod¬ 

erately high even in the solum, while that in C is very high, indicating the presence of 

potash-bearing minerals, such as muscovite. 
The several ratios and the molecular equivalent composition for Si02, Fe203, 

A1203, and of the combined alkalies and alkaline earths are shown in Table 114. 

Table 114.—Georgeville silty clay loam, Henrico, Northampton County, N. C. 

Sample No. 
Hori¬ 
zon 

Depth in 
inches 

Ratios Molecular equivalent composition 

sa sf ba SiOa Fe203 AI2O3 

Alkalies 
and al¬ 
kaline 
earths 

A 2- 6 7. 83 36.08 0.114 1.244 0.0345 0.1594 0.0180 

Bi 6-34 3.47 17.20 .101 .983 .0509 .2786 .0287 

236718_ C 48-60 5.18 27.00 .276 1.083 .0401 .2078 .0570 

The sa ratio for horizon Bi is 33 per cent smaller than that for horizon C, but that 

for A is more than twice that for Bx and 50 per cent larger than that for C. The sf 

ratio for Bx is a very small fraction less than 33 per cent of that in C. The relative 

number of molecules of silica per unit of weight in B, is only 10 per cent less than in C. 

Since this difference affects sa and sf ratios alike, it is evident that these ratios would 

indicate an accumulation of both iron oxide and alumina in Bx. That both have 

been accumulated is confirmed by the alumina-iron oxide ratios in the two horizons, 

4.86 and 5.17 for the Bi and C horizons, respectively. 

The loss of alkalies and alkaline earths throughout the solum has been consider¬ 

able. The relative number of molecules in Bi is almost exactly half that in C and in 

A is about 60 per cent of that in Bx. The ba ratios show, however, that the amount 

by weight in A in proportion to alumina is a little more than in Bi, but both are less 

than half that in C. 
The chemical and mechanical composition of material from a profile of Georgeville 

The CaO has been leached to a trace from the Thelma profile, but the potash in 

the solum is present in moderate percentage, and in C it is high. Na20 is unusually 

high in A. 
The several ratios and the molecular equivalent composition for Si02, Fe203, and 

A1203 are shown in Table 116. 

Table 116.—Georgeville silt loam, Thelma, Halifax County, N. C. 

Sample No. 
Hori¬ 
zon 

Depth 
in 

inches 

Ratios 
Molecular equivalent 

composition 

sa sf ba SiC>2 Fe2C>3 AI2O3 

22fi17 A 2 2- 7 16. 06 65.84 0. 472 1. 41 0. 0213 0.087 

22fiI8 B 7-30 3. 92 16.13 .098 1.00 .0620 .255 

32620_ Ca 40-50 7.13 37. 23 .298 1. 19 .0320 . 167 

The sa ratio for horizon B is a little less than half that for C2, but that for A2 is 

more than four times as great as that for B and more than twice that for C2. This 

proportion differs widely from the ratios in the Henrico profile where that for A was 

only about 30 per cent less than that for C and only twice that for Bx. The explana¬ 

tion lies in the more thorough eluviation or the greater perfection of podzolic profile 

development. The sf ratio in C2 of the Thelma profile is 2.3 times as large as that in 

B, and that in A2 is four times as large. The relative number of molecules of silica, per 

unit of weight, in horizon C2 is only one and one-fifth times the number in B. This is 

much less than the differences in sa and sf ratios in corresponding horizons, showing 

that accumulation of both alumina and iron oxide has taken place. The accumula¬ 

tion of iron oxide, however, has taken place to a greater extent than that of alumina, 

placing this profile of Georgeville soils in harmony with all the fully developed Red 

soils of the piedmont plateau so far examined. The alumina-iron oxide ratios for 

the B and C2 horizons are 4.2 and 5.2, respectively. 

The Georgeville soils have developed on slopes where oxidation is favored by rapid 

run-off. They are associated with the Alamance soils developed from the same mate¬ 

rials but on smooth or level relief where drainage is not so complete or rapid. The 

latter are yellowish soils with a profile somewhat like that of the Norfolk soils. The 

Georgeville soil at Thelma has developed on a slope less steep than that on which 

the soil at Henrico developed. The soil at Thelma is not only more thoroughly 

eluviated but is more thoroughly leached, the lime having been leached to a trace. 

COMPOSITION OF DURHAM, APPLING, AND PORTERS SOILS 

Durham soils are associated with Cecil soils in the piedmont region of the South¬ 

ern States, having developed from gneisses, in some cases granitic gneisses, but 

typical Durham soils have developed on smooth or nearly level uplands where 

silt loam from Thelma, Halifax County, N. C., are shown in Table 115. 

Table 115.—Composition of Georgeville silt loam, Thelma, Halifax County, N. C.1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

SiOj TiOj Fe203 AI2O3 MnO CaO MgO K2O Na20 P2O5 SO3 
Igni¬ 
tion 
loss 

Total N 

COj 
from 
car¬ 
bon¬ 
ates 

P. ct. P.d. P. d. P. ct. P. ct. P. ct. P. ct. P. ct. P.d. P.d. P.d. P. d. P. ct. P. ct. P.d. 

r«80.16 0.72 2. 18 6. 40 0. 028 Tr. 0. 36 0.93 1. 82 0.04 0.06 6. 87 99. 56 0. 060 
32616_ Ai 0- 2 \ &86. 05 .77 2. 34 6.87 .030 Tr. .39 1.00 1.95 .04 .06 _ 99. 50 — — 

fa80. 32 .79 3. 23 8. 50 .024 Tr. .41 1.35 1.55 .05 .07 4.94 101. 23 .040 
32617_ A2 2- 7 \&84. 48 .83 3.40 8. 94 .025 Tr. .43 1.42 1.63 .05 .07 _ 101. 28 — — 

/a55. 28 .61 9. 08 23. 94 .032 Tr. .74 1.71 .30 .03 .06 8. 30 100. 08 .017 
32618_ B 7-30 \ &60. 28 .67 9.90 26. 11 .035 Tr. .81 1.86 .33 .03 .07 _ 100. 10 — — 

J«58. 12 . 64 8. 27 22. 25 .038 Tr. .83 2.51 .36 .03 .06 7.06 100. 17 .009 — 

32619_ Ci 30-40 {&62. 55 .69 8. 90 23. 94 .041 Tr. .89 2. 70 .39 .03 .06 _ 101. 20 — — 

/«69. 09 .49 4. 92 16. 47 .032 Tr. .98 3.98 .36 .04 .04 3. 79 100. 19 .009 
32620_ C2 40-50 

p71. 80 .51 5.11 17. 12 .033 Tr. 1. 02 4.14 .37 .04 .04 ...... 100. 18 

Mechanical3 

Sample No. 
Hori¬ 
zon 

32616. 
32617. 
32618. 
32619. 
32620. 

Depth 
Fine 

gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

0- 2 1.0 6.0 4.2 13.8 8.2 55.8 10.8 99.8 

2- 7 1.2 4.6 3.7 11.6 7.4 57. 1 14.2 99.8 

7-30 .0 .5 .5 3.0 4.4 45.7 45.8 99.9 

30-40 .0 .7 .6 2.5 6. 0 61.6 28.3 99.7 

40-50 .0 .0 .0 1.4 7.0 84. 6 6.9 99.9 

i Collected by W. E. Hearn, 
a Analyzed by G. J. Hough and G. Edgington. 
3 Analyzed by V. Jacquot. 

The mechanical composition of horizons Ax and A2 is almost the same in both, 

the percentages of silt and clay combined, 66.6 and 71.3, respectively, being a little 

higher in A2. Fine and very fine sand constitute most of the rest. 

The percentage of silt and clay, combined, in horizon B amounts to 91.5, and 

fine and very fine sand, combined, amount to 7.4. The percentage of silt is very high 

in C2, higher than in B, where it is 45.7, but the percentage of clay in C2is only 7. 

The high percentage of silt in C2, taken in connection with the high content of potash 

in this horizon, points to the presence of potash mica. Alumina is relatively high 

in C2 but not so high as in the Georgeville profile from Henrico County, N. C. 

The two profiles are essentially similar in character, however. The percentages of 

iron oxide and alumina in A2 are 3.40 and 8.94, respectively, while those in A of the 

Henrico profile, constituting the A2 horizon, since the thin surface layer in that profile 

is not included, are 5.51 and 16.29, respectively. Since the B and Cx horizons aie 

essentially alike in both samples, this wide difference between the A2 horizons is 

striking. It is an expression of a well-developed profile, with a well-eluviated A2 

horizon in the Thelma profile and a subserial A2 in the Henrico profile. The fully 

developed B horizons in both cases and their close identity in percentages of silica, 

alumina, and iron oxide, along with the highly similar parent material, leaves no other 

explanation tenable. 
The Henrico profile has suffered partial removal of a former A horizon, and a 

new one is developing and in doing so has invaded the top of B. 

drainage is not perfect. 
The chemical and mechanical composition of material from a profile of Durham 

fine sandy loam from Reidsville, Rockingham County, N. C., are shown in Table 

117. According to the results of the analyses, as well as to the field characteristics 

of the profile, this soil is podzolic and has a well-eluviated profile. 

Table 117.—Composition of Durham fine sandy loam, Reidsville, Rockingham County, N. C.1 

Sample 
No. 

Hori¬ 
zon 

Depth 

32381_ Ai 

Inches 

0- 1 

32382_ A2 2- 12 

32383_ Bi 13- 20 

32384_ b2 21- 44 

32386-8._ C 61-180 

Chemical 2 

SiOs 

P.d. 
'“75. 83 

fe81. 46 
f“79. 17 
l <>80.92 
r“61. 46 
L *66. 48 
f“65. 22 
1069. 42 
f“72. 61 
1074. 79 

TiOa 

P. d. 
0.21 
.23 
.23 
.24 
.32 
.35 
.26 
.28 
.19 
.20 

Fe203 

Sample No. 

32381- 
32382.. 
32383.. 
32384.. 
32386-8 

Hori¬ 
zon 

Ai 
Aa 
Bi 

Depth 

Inches 
0- 1 
2- 12 

13- 20 
21- 44 
61-180 

AI2O3 

P.d. 
9.64 

10.36 
9.89 

10.11 
21.72 
23. 51 
19.43 
20. 68 
14.78 
15. 22 

MnO 

P. d. 
0. 051 
.055 
.030 
.030 
.020 
.020 
.030 
.030 
.040 
.040 

CaO MgO K2O Na20 P2O5 SO3 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

P.d. P. ct. P. ct. P. ct. P. ct. P. ct. P.d. P.d. P.d. P. ct. 

0.07 0. 02 5. 05 0.97 0. 03 0. 06 6.91 99.91 0.125 

.08 .02 5.43 1.04 .03 .06 _ 99. 92 _ _ 

.70 .06 5. 08 1.16 .06 .02 2.18 100.18 .030 

.72 .06 5.19 1.18 .06 .02 _ 100.17 _ _ 

.20 .10 3. 53 1.04 .05 .03 7. 57 100. 34 .020 

.22 .11 3. 82 1.13 .05 .03 _ 100. 37 __ — 

.20 .07 4. 45 1. 70 .05 .01 6. 02 100. 76 .000 

.21 .07 4. 74 1.81 .05 .01 _ 100. 83 _ _ 

.26 .07 5. 45 2.36 .03 .03 2. 93 100. 83 .000 _ 

.27 .07 5.61 2. 43 .03 .03 — 100. 83 — 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Per cent 
0.3 
.4 
.0 
.2 
. 5 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Per cent 
5.2 
5.1 
1.8 
3.1 
7.3 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Per cent 
6.4 
4.4 
2.2 
3.2 
5.3 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Per cent 
29. 9 
20.7 
11.4 
16. 8 
24. 1 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Per cent 
11.4 
12.0 
6.8 

10.3 
16.0 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Per cent 
39.6 
43.9 
50. 5 
32. 5 
40. 5 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Per cent 
7.3 

13.5 
27.2 
33.8 

Total 
mineral 
constit¬ 
uents 

Per cent 
100.1 
100.0 
99.9 
99.9 

100. 6 

i Collected by Mark Baldwin and E. D. Fowler. 
3 Analyzed by G. Edgington. 
3 Analyzed by J. B. Spencer. 

The percentage of clay in the thin 1-inch surface layer is 7, but the silt percentage 

is 40. The sand is mainly fine and very fine. Horizon Bx has a total silt and clay 

content of 78 and B2 of 66, but the clay percentage alone is a little higher in B2 than 

in Bx. Silt percentage is high in horizon C amounting to 40.5, but the clay content 

is only 7 per cent. The sand in C is largely fine and very fine, the percentage of the 

latter lying between those of fine sand and silt. Medium and coarse sand are present 

in small amounts. 
The percentage of iron oxide is low throughout the profile, the maximum in hori¬ 

zon Bi being 4.65. The percentage of silica is much higher than in the Henrico 

profile of the Georgeville soil and somewhat higher than in the well-eluviated Thelma 

sample of the same soil. The percentage of alumina throughout the profile is moder¬ 

ately high, that in C being 15.2, showing the presence of feldspathic or mica minerals. 

The potash percentage is very high throughout the profile and that of Na20 is moder¬ 

ately high. The percentages of potash in Ax and A2 are as high as in C, suggesting 

the presence of potash mica. The percentage of CaO is low but more than a trace. 

The several ratios and the molecular equivalent composition for Si02, Fe203, 

and A1203, and of the combined alkalies and alkaline earths are shown in Table 118. 
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Table 118.—Durham fine sandy loam, Reidsville, Rockingham County, N.C. 

Ratios Molecular equivalent composition 

Sample No. 
Hori¬ 
zon 

Depth in 
inches 

sa sf ba Si02 Fe2C>3 AI2O3 

Alkalies 
and al¬ 
kaline 
earths 

32382 
32383--- 
_ a2 

Bi 
2- 12 

13- 20 
13. 60 
4. 80 

130. 50 
37.88 

0.878 
.272 

1.34 
1.10 

0. 0103 
.0291 

0. 099 
1. 470 

0. 0871 
.0627 

1 
8. 35 92. 60 .695 1.24 C 61-180 

— 

The sa ratio in horizon Bx is about 60 per cent as large as in C, and that in A2 is 

nearly three times that in Bx. Notwithstanding the high percentage of potash m 

Ai and A2, it is evident that the podzolic profile is mature or at least the profile is 

well eluviated. The difference between the number of silica molecules in C and Bx 

is not large, only 10 per cent more in C than in Bx. The sf ratio in Bx is only 40 per 

cent as large as that in C, making it evident that iron oxide has accumulated in B 

to a greater extent than alumina, bringing this soil, although not red and carrying a 

low percentage of iron oxide, into harmony in this respect with the Red soils. The 

alumina-iron oxide ratios in Bx and C are 7.88 and 11.1, respectively. The high ba 

ratio in A2 is noticeable in view of the relatively small difference in sa ratios between 

A2 and B). In the highly eluviated sandy Cecil soils where the differences between 

sa in A and B are very high, that in A being eight times that in B, the ba ratio in A 

has amounted to as much as three and one-half times that in B. In the Reidsville 

Durham soil the explanation seems to lie in the presence of undecomposed primary 

minerals. _ . . 
The wide difference between the ba ratios in Bx and C are not maintained m the 

molecular equivalent composition of the combined alkalies and lime, the former ratios 

being influenced as much by the different amounts of alumina as by those of the alka¬ 

lies and lime, while the differences between the values, per unit of weight, for the 

molecular equivalent compositions are determined by the quantities present of the sub¬ 

stances themselves. The differences are high in molecular equivalent quantities, 

however. _ 
The chemical and mechanical composition of material from a profile of Durham 

sandy loam at Stone Mountain, Ga., are shown in Table 119. 

Table 119.—Composition of Durham sandy loam, Stone Mountain, Ga. 1 

Sample 
No. 

30254. 

30258. 

30260. 

Hori¬ 
zon 

A 

B 

Ci 

C2 

Depth 

Inches 

0- 7 

51- 73 

91-102 

111+ 

Chemical2 

Si02 

P. ct. 
/“79. 33 
\ «81. 18 
J“68. 28 
P71.81 
(“70. 51 
\ 673. 33 
/»73. 48 
\m. 93 

Ti02 

P. ct. 
0. 15 

. 15 

. 14 

. 15 

.08 

.08 

. 12 

. 12 

Fe203 

P. ct. 
1.02 
1.04 
2.04 
2. 14 
1. 02 
1.06 
.91 
.92 

Al203 

P. ct. 
10. 87 
11.13 
19.04 
20. 02 
17.46 
18.16 
15. 24 
15. 33 

MnO 

P. ct. 
0.02 
.02 
.02 
.02 
.02 
.02 
.03 
.03 

CaO 

P. ct. 
0.33 
.34 
.19 
.20 
.24 
.25 
.40 
.40 

MgO 

P. ct. 
0. 06 
.06 
.24 
.25 
.18 
. 19 
.34 
.34 

K20 

P. ct. 
5.15 
5. 27 
4. 94 
5. 20 
6. 22 
6. 47 
4. 28 
4. 31 

Na20 

P. ct. 
1.01 
1.03 
.40 
.42 
.52 
.54 

4. 46 
4.49 

P2O5 

P. ct. 
0.26 
.27 
.15 
.16 
.32 
.33 
.30 
.30 

SOs 
Igni¬ 
tion 
loss 

P. ct. P. ct. 
— 2. 28 

~4.'9l' 

3. 85 

.61 

Total N 

P. ct. 

CO2 
front 
car¬ 
bon¬ 
ates 

P. ct. 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

30254___ 
30258--- 
30260__ 

A 
B 
C! 

Inches 
0- 7 

51- 73 
91-102 

Per cent 
7.8 
6.7 

11.3 

Per cent 
26.4 
13.0 
31.2 

Per cent 
12.3 
4.8 

12.1 

Per cent 
26.4 
14. 2 
22.9 

Per cent 
7.0 
4.6 
6.4 

Per cent 
14.7 
29.6 
12.8 

Per cent 
5. 4 

26.9 
3.2 

Per cent 
100.0 
99. 8 
99.9 

1 Collected by Mark Baldwin. 
2 Analyzed by I. A. Denison. 
2 Analyzed by A. C. White. 

The percentage of coarse sand in horizon A in this profile is high, amounting to 

26, being higher than in any profile in the piedmont plateau yet examined. The per¬ 

centage of fine sand is 26 also, but that of very fine sand is only 7. The percentage 

of combined silt and clay in horizon A is 20, that of clay being 5. The percentage of 

combined silt and clay in B is 56.5, that of clay being 27. The sands are still mainly 

fine and coarse. Clay m Oi amounts to 3 per cent only and silt to 1 —, while the per 

centage of coarse sand is 31 and of fine sand 23. 
The percentage of iron oxide is low, lower than in the Reidsville profile of 

Durham soil, and the percentage of alumina is very close to that in the Reidsville 

profile. Potash is as high as in the Reidsville profile, being as high again in horizon A. 

It is evident that the chemical, physical, morphological, and apparently the 

mineralogical features of this profile of Durham sandy loam are essentially the same 

as those of the Reidsville profile in all important respects except that of texture, as 

it contains more coarse sand. The ratios and molecular equivalent composition 

would not add anything more than is shown in Table 118. 
Studies by Denison (/,) of some of the horizons of the Durham soil from Stone 

Mountain, Ga., show an sa ratio in the colloid of Cx of 1.65. 
The Appling soils have developed on smooth relief in situations where drainage 

is not rapid enough to allow the thorough oxidation and dehydration necessary for 

producing the red color of the Cecil soils. In some cases induration of the upper 

C horizon or lower B has taken place also, owing, presumably, to the presence of 

ground water. They are essentially pale-colored Cecil soils with or without indura¬ 

tion in B or C. 
The chemical and mechanical composition of material from a profile of Appling 

sandy loam from Sandymusli, N. C., are shown in Table 120. The characteristics 

of the Cecil profile are well shown except in the two respects of a relatively low per¬ 

centage of iron oxide and a high percentage of alkalies. The content of lime is low 

but higher than in some of the Cecil soils where it is present as a trace only. The 

profile is well developed, the A horizon having high silica and low sesquioxides, while 

in the B horizon the reverse relation exists. 

Table 120.—Composition of Appling sandy loam, Sandymusli, N. C.' 

Sample 
No. 

Hori¬ 
zon 

Depth 

236515--. At 

Inches 

0- 2 

236516--- a2 2- 8 

236517--. Bt 8-18 

236518-.- b2 18-40 

236519. __ Ct 40-72 

236520-.- c2 72+ 

Chemical2 

Si02 

P. ct. 
r«88. 58 
D92. 75 
(“88. 86 
D90. 68 
/“49. 30 
\b55. 92 
(“50.41 
\b56. 74 
(“61.60 
\ b66. 34 
(«68.14 
1872. 68 

Ti02 

P.ct. 
0.29 
.30 
.44 
.45 
.67 
.76 
.61 
.69 
.45 
.48 
.29 
.31 

Fe2C>3 

P.ct. 
1.21 
1.27 
1.36 
1.39 
6. 42 
7. 28 
6. 26 
7. 03 
4. 97 
5. 35 
3.47 
3. 70 

Al203 

P. ct. 
3. 74 
3.91 
5. 25 
5. 36 

29. 21 
33.11 
29. 52 
33.19 
22. 81 
24. 56 
19. 27 
20. 54 

MnO 

P. ct. 
0. 008 
.008 
.008 
.008 
.008 
.009 
.008 
.009 
.018 
.020 
.013 
.014 

CaO 

P. ct. 
0. 26 
.27 
.24 
.24 
.25 
.27 
.29 
.33 
.20 
.22 
.20 
.21 

MgO 

P. ct. 
0. 04 
.04 
.04 
.04 
. 20 
.23 
. 15 
.17 
.16 
. 17 
. 16 
. 17 

K2O 

P. ct. 
1.28 
1.34 
1.29 
1.32 
1.06 
1.20 
1.43 
1. 61 
1.87 
2. 01 
2.14 
2.28 

Na20 

P. ct. 
1.45 
1.52 
1.30 
1.33 
1.29 
1.46 
1.42 
1.60 
1.59 
1.71 
1.36 
1.45 

P2Os 

P. ct. 
0.05 
.05 
.04 
.04 
.12 
. 14 
.09 
. 10 
.09 
. 10 
.10 
.11 

SOs 

P. ct. 
0. 03 
.03 
.04 
.04 
. 10 
.11 
.07 
.08 
.08 
.09 
.07 
.07 

Igni¬ 
tion 
loss 

P. ct. 
4.50 

’Too" 

'iu§r 
ii.16 

"7.I7 

~~6.~27 

Total 

P. ct. 
101.43 
101. 49 
100. 86 
100. 90 
100. 44 
100. 50 
101. 42 
101. 55 
101. 00 
101.05 
101. 48 
101. 53 

N 

P. ct. 
0.160 

.040 

’."696" 

'.reo 

'.Too' 

'Too' 

co2 
from 
from 
car¬ 
bon- 
nates 

P. ct. 

Sample No. 

236515. 
236516. 
236517. 
236518. 
236519. 
236520. 

Hori¬ 
zon 

Ai 
A2 
Bi 
B2 
Cl 
c2 

Depth 

Inches 
0- 2 
2- 8 
8-18 

18-40 
40-72 
72-1- 

Mechanical 3 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Per cent 
14.8 
21.2 
6.8 
5.0 

12.1 
9.2 

Per cent 
26.0 
21.4 
7.6 
7.4 

12.2 
16.4 

Per cent 
8.4 
6.7 
2.2 
2.3 
3.6 
4.7 

Per cent 
23.4 
18.8 
6.2 
7.0 

13.0 
18.0 

Per cent 
8. 4 
8.2 
3.0 
3.6 
6.3 

10.4 

Per cent 
12.3 
15.4 
13. 4 
14.8 
18. 5 
27.4 

Per cent 
6.9 
8.5 

61.0 
60.0 
34.3 
13.9 

Per cent 
100.2 
100.2 
100.2 
100.1 
100.0 
100.0 

1 Collected by R. C. Jurney. 
2 Analyzed by G. J. Houeh. 
3 Analyzed by A. A. White. 

Both the Ai and A2 layers of the A horizon contain more than 20 per cent each 

of coarse and fine sand and usually 15 per cent of fine gravel consisting of small pellets 

of iron oxide, an expression of imperfect drainage. The percentages of silt and clay 

are low, about 8 of clay and 14 of silt. Horizons Bx and B2 contain 60 per cent of 

clay but no greater percentage of silt than in A. The percentages of sand are low, 

and coarse and fine sand predominate. Clay is reduced to 14 per cent in C2, but 

silt has risen to 27, and the percentage of sand has increased proportionately. The 

soil has a well-eluviated profile. 
Iron oxide is higher than in the Durham profiles. Alumina is lower in A but a 

little higher in B and C. The potash content is much lower than in the Durham 

soils, the maximum percentage in the solum being 1.6 in B2 and 2.28 in C2. The 

percentage of Na20 is rather high but not strikingly so. The calcium peicentage 

is low, and that of silica in A is very high. 
The several ratios and the molecular equivalent composition for Si02, Fe203, and 

A1203 are shown in Table 121. 

Table 121.—Appling sandy loam, Sandymush, N. C. 

Sample No. 
Hori¬ 
zon 

Depth in 
inches 

Ratios 
Molecular equivalent 

composition 

sa sf ba Si02 Fe2C>3 AI2O3 

2- 8 28. 76 172. 80 0. 757 1.500 0.0087 0. 0524 
236516_ 

b2 18-40 2. 90 21. 38 . 150 .941 . 0440 . 3240 
236518_ 
236520_ c2 72+ 6. 01 50. 28 .255 1.200 .0232 .2010 

As in many of the piedmont-plateau soils in the Red soil region, the sa ratio in 

B2 is almost exactly half that in C2, which would signify twice tlie amount of alumina 

per unit of weight in B2, or an accumulation of 100 per cent if no change in silica or 

volume had taken place. The relative number of molecules of silica in B2 is only 

20 per cent less than in C2. The loss of silica, as in the other Red soils or m the Rod- 

zolic soils generally, has not been sufficient to account for the apparent accumulation 

of alumina. The increase or accumulation of the latter in B2 is apparently more 

than twice as much as would be indicated in the sa ratio because of loss of silica. 

The sf ratio in C-2 is more than twice that in B2, again showing a greater accumu¬ 

lation of iron in B2 than of alumina. The alumina-iron oxide ratios in B2 and C2 are 

7.3 and 8.6, respectively. Notwithstanding the occurrence of this soil on a nearly 

flat surface and its subjection to ground water at a slight depth, it has a well-developed 

podzolic profile. It seems to have developed under the same conditions as those 

under which the Norfolk soils have developed. They are both yellow or yellowish soils. 

The chemical and mechanical composition of material from another profile of 

Appling sandy loam from Milner, Lamar County, Ga., are shown in Table 122. 

It was not sampled to so great a depth as the Sandymush profile, the deepest horizon 

barely reaching C. It differs from the Sandymush soil in the presence of a lower 

percentage of alkalies and CaO which may be due either to difference of parent 

materials or to more thorough leaching in the more southerly locality. Eluviation 

is about as clearly shown as in the Sandymush soil, the sesquioxides being present 

in much higher percentages in B than in A. No studies of the colloid from either 

profile have been made. 

Table 122.—Composition of Appling sandy loam, Milner, Lamar County, Ga.1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical 2 

Si02 Ti02 Fe203 AI2O3 MnO CaO MgO K20 Na20 p2o5 SOs 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

P. ct. P. ct. P.ct. P. ct. P. ct. ’P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 

r«89. 45 0. 39 0. 75 4. 48 0. 040 (3) (3) 0. 45 0.14 0.03 0. 03 3. 82 99. 63 0.061 
257801.__ Ai 0- 3 \*>93. 00 .41 .78 4.66 .040 (3) (3> .47 .15 .08 .03 _ 99. 62 _ 

f°89. 83 .47 .88 5. 92 .010 (3) 0.16 .60 .23 .01 .02 2. 02 100. 15 .016 _ 
257802. __ a2 3-10 \*>91. 68 .48 .90 6. 04 .010 O) . 16 .60 .23 .01 .02 __ 100. 13 _ 

f <*61.13 .66 5.58 22.24 .009 0.10 .18 .71 .23 .03 .08 8. 64 99. 59 Toe 
257803.__ B1 10-20 \*>66. 91 .72 6.11 24. 35 .010 . 11 .20 .78 .25 .03 .09 99. 56 

/«60. 04 . 72 5. 83 22. 86 .010 . 16 . 11 .69 . 16 .06 .04 8. 97 99. 65 .006 
257804.__ b2 20-40 \ *>65. 93 .79 6. 42 25. 10 .010 .18 . 12 .76 .18 .07 .04 _ 99. 60 _ 

fa62. 38 .59 4. 04 23.19 .013 . 10 .23 1.21 . 12 .05 .04 8. 16 100. 12 .002 
257805.__ c 40-60 

{ 367. 92 .64 4.40 25.24 .014 .11 .25 1. 32 . 13 .05 .04 — 100. 11 — --- 

i Collected by S. O. Perkins. 2 Analyzed by G. Edgington and G. J. Hough. * Trace. 
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Desert vegetation on Guadalupe Mountains, Texas 

Cotton on Amarillo sandy loam, near Spur, Dickens County, Tex. 
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SOILS, PLATE 5, SECTION 12 

PODZOL SOILS 

Caribou Ontonagon 

Xu 

Colton 

On 

sandy type 

Qtir.-}':} 

Beltrami Rubicon 

Rtf. 

Dekalb 

Db 

Spencer 

Sv- 

sandy type Summerville 

••.0»v 

Hermon heavy type 

• Hn 

II 

GRAY-BROWN 

PODZOLIC SOILS 
WELL DEVELOPED 

GROUP 
Altamont Dutchess 

Alt Dut 

Baxter 

Bx 

Boone Everett 

ilili 
Bo H II i 

±111 

Chester Fortine 

Clarksville 
Bfl 

Fox 

Fx 

Clinton Gibson 

i 

Collington Gloucester 

Gl 

Dover Hagerstown 

Dunkirk Helmer 

Dk 

II Continued 

Kaibab , Ontario 

Knox 

Lackawanna 

|| 

Lebanon 

|;j mi 

lHM!iU:iiM 

Leonard- 
town 

| Lindley 

Li 

Lordstown 

Lor 

Lowell 

Low 

Manor 

Merrimac 

§8eh 

Melbourne 

Miami 

Mia 

Mia 

Moscow 

Nason 

Nn 

Oo 

sandy type 

vXvV:P.O-7::v 

Penn 

sandy type 

Plainfield 

Pd 

Sassafras 

Springdale 

Superior 

Sup 

sandy type 

' Sup. 

Tilsit 

Upshur 

Vergennes 

sandy type Wethersfield 

Wooster 

Worth 

sandy type 

LEGEND 
III Continued 

Decatur Grenada 

II Continued, 

ALLUVIAL AND 
IMPERFECTLY DEVELOPED 

GROUP 
Amity ' Meigs 

Ay 

Clermont 

Cler 

Clyde 

.Muskingum 

Mm 

sandy type 

fti • v-'.V 

Colville Sacramento 

Crosby 

Cro 

Sc 

sandy type 

Fairmount Toutle 

To 

Genesee Volusia 

Hanford 
Westmore¬ 

land 

Huntington Willamette 

III 

RED AND YELLOW 

SOILS 
WELL DEVELOPED 

GROUP 
Aiken _ ^Alamance 

Cahaba 

Cecil 

sandy type 

Davidson 

- De 

Caddo 

TIT f 
Cd 

Durham 

Du 

Fellowship 

F 

Georgeville 

, Hanceville 

sandy type 

Ta-.’ 

Louisa 

A) 
L 
qj 

Oktibbeha 

F 
Q) 

L 

Qt 

Hartsells 

sandy type 

Memphis 

Norfolk 

Susquehanna 

Orangeburg 

Placentia 

Pi 

Ruston 

Sierra 

s* 

SI 

sandy type 

Talladega 

Ta 

Tifton 

Bladen Iredell 

Coxville Leon 

Crowley Lufkin 

Dublin 

• 

Miller 

"TF 

Houston Myatt 

. Hou' 

SBHS 

— 

Ill Continued 

Ochlockonee Rockdale 

Olivier Sarpy 

Parkwood Sharkey 

wwm 
iWlav9»A' 

dark phase 

gray phase Trinity 

Ty 

III Continued 

ALLUVIAL AND 
IMPERFECTLY DEVELOPED 

GROUP 

Plummer Waverly 

Hf 
i| 

llllllllllllllllllllll 

Portland Willows 

wt 

Portsmouth Yolo 

-Po-_- 

IV 

PRAIRIE SOILS 

WELL DEVELOPED 
GROUP 

Bates Grundy 

Carrington Marshall 

Clarion San Saba 

c;a 

Crawford Shelby 

Crete 

Cr 

mwmilllllltM 

Derby Summit 

De Su 

Durant Waukesha 

Dt Wa 

Eldorado Windthorst 

Wit 

V Valera Phillips Valentine 

CHERNOZEM SOILS 

WELL DEVELOPED 
GROUP 

Abilene Duval 

VI 

DARK-BROWN 

SOILS 
WELL DEVELOPED 

GROUP 

VIII Continued 

ALLUVIAL AND 
IMPERFECTLY DEVELOPED 

GROUP 
Gila Lahontan 

VII 

BROWN SOILS 

Ga riillh::: 

Amarillo Hall Colby Maverick Bridger Otero Humboldt Pond 

~!l. • 

Barnes 

Hays Coronado Meeker Capay Portneuf Imperial San Joaquin 

m 
m 

sandy type Daniels Rosebud Grantsdale Ritzville 

sandy type Holdrege gravelly type 

Bearden Lewistown Elgin 

To R/ 

Im 

sandy type Snake 

|fn: Sk 

sandy type 
IU55KSrfJi±-l£t; 

Joplin 

gravelly type 

o. 

sandy type Moody Encina 

Deschutes Palouse Hyrum 

Springer 

VIII 

GRAY DESERT SOILS 

WELL DEVELOPED 
GROUP 

Ephrata _ Fresno 

UNDIFFERENTIATED 

Bad land 

Sand 
dark 

Bac 

Peat and 
Muck 

EP 

sandy type Jordan 

Jn 

light 

sandy type 

Marsh and 
Swamp 

Rough and 
Stony land 

Fr ■ Rs: 

Lith. A. Hoen & Co., Inc. 

Giant cactus on desert (Mohave) soil, between alluvial fan and mountain, 

Maricopa County, Ariz. 

Natural vegetation, (post oak) on Susquehanna fine sandy loam, Milam County, Tex. 

Small farms on Knox silt loam on Missouri River bluff, Andrew County, Mo. 

Farmstead on Hagerstown soils, Bedford County, Tenn, 

Field of harvested corn on Hagerstown loam, Frederick County, Md. 

ARRANGEMENT OF SECTIONS 
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Table 122.—Composition of Appling sandy loam, Milner, Lamar County, Ga.—Continued 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical4 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

257801 At 0- 3 10.4 18.7 8.7 21. 5 11.9 17.8 5.6 100. 6 

9/V7K02 _ - 3-10 8.1 8.9 8.8 27.8 12.5 18.7 15. 9 100. 7 

9*7803 _ Bi 10-20 7.2 10.4 3.8 10.6 5.0 25.8 37.5 100. 3 

257804 _ - B2 20-40 6.1 9.8 3.6 11.4 6.5 28.7 34.2 100. 3 

257805_ C 40-60 7.2 11.0 4.4 16.4 11.0 28.9 21.1 100. 0 

4 Analyzed by J. B. Spencer and V. Jacquot. 

COMPOSITION OF DAVIDSON AND IREDELL SOILS 

Davidson soils are Red soils, developed from dark-colored quartz-free rocks, 

usually diabase, basalt, or metamorphic rocks of similar mineralogical composition. 

Because of the heavy texture of their decomposition product the soils develop a pod¬ 

zolic, or eluviated, profile very slowly. These soils are associated with the Cecil and 

other Red soils of the piedmont plateau and have as a rule very slight profile develop¬ 

ment. The red color extends to the surface, but in most cases the color of the upper 

2 or 3 inches is yellowish red, the rest of the profile being deeper red than the corre¬ 

sponding horizon in the Cecil soils. 
The chemical and mechanical composition of material from a profile of Davidson 

clay loam, from Greensboro, N. C., published by Anderson and Byers (1) are shown in 

Table 125. The composition of colloid is shown in the same table (d). 

The Porters soils occur in the Blue Ridge plateau of western North Carolina 

and northern Georgia. They are reddish soils, seemingly differing from the Cecil 

mainly in the degree of profile development. 
The chemical and mechanical composition of material from a profile of Porters 

loam from Chimney Rock, N. C., are shown in Table 123. 

Table 123.—Composition of Porters loam, Chimney Rock, N.C.1 

Sample 
No. 

35000... 

35001. 

35001A- 

35001B.. 

Hori¬ 
zon 

Ai 

B 

Ci 

C2 

Depth 

Inches 

0- 4 

14-48 

72-96 

96+ 

Chemical2 

Si02 

P. ct. 
=73. 00 
‘77. 85 
"60. 34 
+65.61 
r=67. 56 
l‘70. 54 
+71. 50 
+71. 79 

Ti02 Fe2C>3 

P .ct. 
2. 24 
2. 39 
4. 92 
5. 35 
3. 52 
3. 67 
2. 72 
2.73 

AI2O3 

P. ct. 
11. 67 
12. 44 
21.07 
22.91 
16. 54 
17.27 
14. 21 
14.27 

MnO 

P. ct. 
0.03 
.03 
.04 
.04 
.07 
.07 
.05 
.05 

CaO 

P. ct. 
0. 84 
.90 
.24 
.26 
.28 
.29 

1.84 
1. 85 

MgO 

P. ct. 
0. 52 
.56 
.80 
.87 
.74 
.77 
.61 
.61 

KzO 

P. ct. 
4. 28 
4. 56 
3.14 
3.42 
5.30 
5. 53 
4. 52 
4.54 

Na20 

P. ct. 
1.28 
1.36 
.60 
.65 
.84 
.88 

2. 84 
2. 85 

P2Os 

P. ct. 
0.06 
.06 
.08 
.09 
.08 
.08 
.42 
.42 

SOs 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

P. ct. P. ct. 
6.24 

P.ct. 
100.69 
100. 72 
99. 90 
99.91 
99.71 
99. 79 
99. 54 
99. 50 

P.ct. P. ct. 

8. 02 

4.22" — 

— — 

.44 

Mechanical3 

Sample No. 
Hori¬ 
zon 

Depth 
Fine 

gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (d^ 
ameter 
0.5-0.25 

mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

35000 _ __- - --- Ai 
Inches 

0- 4 
Per cent 

2.7 
Per cent 

13. 2 
Per cent 

8.9 
Per cent 

33.1 
Per cent 

13.9 
11.8 

Per cent 
19.7 
8.4 

Per cent 
8.7 

43.4 

Per cent 
100.2 
100.3 

35001 ___ B 14-48 2.2 6.4 4. 4 23. 7 

1 Collected by W. E. Hearn. 
2 Analyzed by I. A. Denison. 
2 Analyzed by J. B. Spencer. 

The soil is identified as a loam rather than a sandy loam, the difference being 

due to a slightly higher percentage of organic matter. The percentage of silica in 

the parent rock (disintegrated gneiss) is no lower than in the Cecil soils. 

The percentage of clay in At (A2 was not analyzed) is 8.7 and of silt is 19.7. The 

sand present consists predominantly of fine sand, but 13 per cent of coarse sand and 

the same of very fine sand show the presence of sand of all sizes in relatively large 

proportions. Clay in B is 43 per cent but in the upper part of Ci, not shown in table, 

is only 6. The texture profile is well developed. The podzolic chemical profile is 

also well developed, though the percentages of sesquioxides in Ai are higher than 

in Cecil sandy loam where well developed. 
The percentage of potash is high, but higher in C than in the solum. That in 

Ai is higher than that in B, however. The percentages of Na20 and CaO are low 

in the solum, but that of Na2G in C2 is high. The percentages of alkalies and 

alkaline earths is high when compared with those in Cecil sandy loam. 

The several ratios and the molecular equivalent composition for Si02, Fe203, 

and AI0O3, and of the combined alkalies and alkaline earths are shown in Table 124. 

Table 124.—Porters loam, Chimney Rock, N. C. 
* 

Sample No. 
Hori¬ 
zon 

Depth in 
Inches 

Ratios Molecular equivalent composition 

sa sf ba SiC>2 Fe2C>3 AI2O3 

Alkalies 
and al¬ 
kaline 
earths 

35000 ---- 
35001 -- 
35001B_ 

Ai 
B 
C2 

0- 4 
14-48 
96+ 

10.64 
. 4.87 

8. 55 

86.3 
32.5 
70.0 

0. 709 
.229 
.910 

1.29 
1.09 
1.19 

0.015 
.033 
.017 

0.121 
.224 
. 140 

0.086 
.052 
. 127 

The sa ratio for C2 is a little less than twice that for B, and the relative number of 

molecules of Si02 in B is 10 per cent less than the number in C2, per unit of weight, 

indicating the presence of more alumina in B than can be accounted for by loss of 

silica from B. The sa ratio for horizon A is 25 per cent greater than that for C2 and 

more than twice that for B while the relative number of molecules of sdica in A is less 

than 10 per cent greater than in C2 and 20 per cent greater than in B. The high ratio 

in A must be accounted for to a great extent through removal of alumina. 

The sf ratio in B is less than 50 per cent of that in C2, and that in A is more than 

two and one-half times that in B and a little more than 20 per cent greater than that 

in C2. The difference in sf ratios between B and C2 is greater than that m sa 

ratios, again suggesting the greater accumulation of iron oxide than of alumina in B. 

The alumina-iron oxide molecular ratios in B and C2 are 6.7 and 8.1, lespectively. 

Alkalies and alkaline earths have been lost throughout the solum. The relative 

number of molecules, per unit of weight, in B is a little less than half that in C2, 

and the number in A is 50 per cent less than in C2 but 60 per cent higher than in B. 

This soil is essentially the equivalent of a moderately well developed Cecil 

sandy loam in all respects except the higher percentage of organic matter and of 

alkalies. The prevailing temperatures on the Blue Ridge plateau, standing 2,500 

feet above sea level and somewhat more than 1,200 feet above the piedmont plateau 

in the same latitude, are lower than on the piedmont plateau, and the rainfall is as 

high or higher. The organic matter does not disappear so rapidly. These soils were 

originally differentiated from the Cecil on the basis of their occurrence on the plateau, 

in another physiographic region and another soil province, as soil provinces were then 

defined, rather than on the basis of soil character. 

Table 125.—Composition of Davidson clay loam, Greensboro, N. C.1 

Hori- Depth 
zon 

Inches 
f 

A_ 0- 9 1 

Bi. 

1 

9-36 | 

Hg 36-60 | 

c. 60+ < 

Chemical2 

Si02 

P. ct. 
=70.53 
‘76.38 
=34. 43 
d41. 52 
“52. 70 
‘58. 92 
=36. 92 
<*42. 50 

'“50.53 
‘55. 85 
=35. 37 
d40. 33 
=52.62 
‘57. 92 
=35. 24 
d40. 29 

Ti02 

P. ct. 
1.80 
1.95 
1.99 
1.19 
1. 39 
1.55 
.92 

1. 06 
1.47 
1. 62 
.98 

1.11 
1.23 
1. 36 
.95 

1.08 

Fe203 

P. ct. 
6.10 
6. 61 

12. 40 
14. 95 
10. 62 
11.87 
16.03 
18. 45 
14. 87 
16. 40 
20. 61 
23. 50 
13. 37 
14.71 
20.10 
22.98 

Al203 

P. ct. 
12.45 
13.48 
32.10 
38. 71 
22.87 
25. 57 
31. 67 
36. 46 
23. 05 
25. 43 
29.44 
33. 57 
20. 98 
23.09 
29. 69 
33. 94 

MnO 

P. ct. 
0.22 
.24 
.24 
.29 
.07 
.08 
.06 
.06 
.08 
.09 
.08 
.09 
.47 
.52 
.30 
.34 

CaO 

P.ct. 
0. 75 
.81 
.58 
.70 
.51 
.57 
.56 
.64 
.27 
.30 
.35 
.40 
.27 
.30 
.50 
.57 

MgO 

Pet. 
0. 45 
.49 
.92 

1.11 
.40 
.45 
.41 
.47 
.58 
.64 
.36 
.41 

1.00 
1.10 
.06 
.06 

K20 

P.ct. 
0.58 
.63 
.50 
.60 
.45 
.50 
.37 
.42 
.34 
.38 
.18 
.20 
.72 
.79 
.17 
.19 

Na20 

P. ct. 
0. 00 
.00 
.03 
.03 

0 
0 
0 
0 
0 
0 
Tr. 
Tr. 

0 
0 
Tr. 
Tr. 

P2O5 

P.ct. 
0.10 
.11 
.25 
.30 
.12 
.13 
.18 
.20 
.20 
.22 
.17 
. 19 
.24 
.26 
.36 
.41 

SO3 

P. ct. 
0.12 
.13 
.17 
.20 
.12 
.13 
.12 
.13 
.12 
.13 
.11 
.12 
.09 
.10 
.14 
. 16 

Igni¬ 
tion 
loss 

P. ct. 
7. 66 

17.08 

10." 55 

13.14 

"9." 37 

12. 30 

~9.15 

12.53 

Total 

P. ct. 
100. 76 
100. 83 
99.69 
99.60 
99. 80 

100. 47 
100. 38 
100. 43 
100. 88 
100. 95 
99. 85 
99. 93 

100.14 
100. 15 
100. 04 
100. 32 

P. ct 
0. 110 

P. ct. 

.020 

.010 

.010 

C02 
from 

car¬ 
bon¬ 
ates 

Horizon 

A_ 
Bi 
B2 
C. 

Depth 

Inches 
0- 9 
9-36 

36-60 
60+ 

Mechanical3 

Fine 
gravel 

(diame¬ 
ter 2-1 
mm) 

Coarse 
sand 

(diame¬ 
ter 1-0.5 

mm) 

Medium 
sand 

(diame¬ 
ter 0.5- 

0.25 mm) 

Fine sand 
(diame¬ 
ter 0.25- 
0.1 mm) 

Very fine 
sand 

(diame¬ 
ter 0.1- 

0.05 mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Per cent 
0.7 

. 1 

.3 

.4 

Per cent 
2.3 
.7 

1.0 
1.3 

Per cent 
2.6 
.9 
.9 

1.9 

Per cent 
9.6 
5.4 
7.2 

14.3 

Per cent 
16.7 
8.9 
9.1 

17.5 

Per cent 
29.4 
22.3 
30.4 
34.5 

Per cent 
34.3 
60.4 
50.3 
29.6 

Percent 
95.6 
98.7 
99.2 
99.5 

1 Collected by H. G. Byers and R. C. Jurney. 
2 Analyzed by G. J. Hough. _ ^ , . 
3 Analyzed by L. T Alexander and H. W. Latin. 

This soil is described by Anderson and Byers (1) as Latentic, the assignment to 

this group of soils being based on the low silica-sesquioxide ratio, showing extensive 

removal of silica. The exact composition of the rock from which the soil material 

was accumulated by residual decay has not been determined. It is a diabase, and 

on the basis of the composition of diabases generally it may be safely stated that the 

silica-sesquioxide ratio in the rock can not be much less than 4. The sa ratio of the 

colloid in horizon Bi is 1.98. The silica-sesquioxide ratio of the colloid ranges 

between 1.40 and 1.50. Defining Lateritic soils as those in which this ratio is less 

than 2 gives the authority for such an assignment in this case. There is no universal 

agreement among students of tropical soils as to whether a low silica-sesquioxide 

ratio should be used as the criterion or a low silica-alumina (sa) ratio. The latter 

ratio has been used in preceding pages of this report. Harrassowitz uses the latter 

without defense, or without the consideration of any other, and if that be used it is 

seen that the ratio is almost exactly that of kaolin. 
The dark-colored rocks, such as diabase and basalt, contain high percentages of 

augite, with more or less hornblende and biotite. Augite contains a very low per¬ 

centage of alumina, the molecular silica-alumina ratio in most places being higher 

than 10. If that were the only mineral present the proportional loss of silica required 

to reduce the ratio to 2 or below would be much greater than in the light-colored 

rocks. The feldspathic mineral associated with these dark-colored minerals in 

diabase or basalt anorthite has a very high percentage of alumina and a relatively 

low percentage of silica. The silica-alumina molecular ratio, therefore, in the min¬ 

eral is almost exactly 2. The silica-alumina ratio of the rock, therefore, is almost 

the same as that of granite. 
In the decomposition of such a rock, however, the dark-colored minerals decom¬ 

pose very rapidly. This is a fact of observation known to every geologist. The 

silicate silica disappears at a rapid rate as compared with that in a more slowly 

decomposing granite. _ . 
The anorthite or other basic feldspar in diabase or basalt would probably decom¬ 

pose more rapidly than the orthoclase of granite, but very little decomposition of 

the anorthite would be necessary to bring the silica-alumina ratio of the decomposed 

product below 2. The silica-alumina ratio of the decomposition product of the 

augite, although the amount of silica that must be lost would be large, would soon 

reach 2 or less because of the rapid rate of decomposition of this mineral. 

As a whole, therefore, the dark-colored rocks will attain the lateritic or allitic 

stage of decomposition earlier than will associated light-colored rocks, and conversely 

the”former rocks will decompose into an allitic or lateritic product in a higher latitude 

than will the latter rocks. Although the Davidson soils seem to have reached the 

lateritic stage of weathering it does not follow that the soils of the region in which 

they occur have attained the same stage. 
The several ratios and the molecular equivalent composition for Si02, Fe203, A1203 

and the sum of the molecular equivalents of the alkalies and alkaline earths, except 

magnesia, are shown in Table 126, and the same for the colloid from the same soil 

are shown in Table 127. 

Table 126.—Davidson clay loam, Greensboro, N. C. 

Horizon 
Depth in 

inches 

Ratios Molecular equivalent composition 

sa sf ba Si02 Fe203 AI2O3 
Alkalies 
and alka¬ 
line earths 

0- 9 9.28 29.50 0.1600 1.225 0.041 0.132 0.0212 

9-36 3.92 13.15 .0618 .981 .074 .250 .0155 

36-60 3.73 9.00 .0371 .928 .102 .249 .0094 

60+ 4.26 10.45 .0607 .965 .092 .226 .0137 
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Table 127.—Colloid of Davidson clay loam, Greensboro, N. C. 

Horizon 
Depth in 

inches 

Ratios Molecular equivalent composition 

sa sf ba Si02 Fe2C>3 AI2O3 
Alkalies 
and alka¬ 
line earths 

A_ O- 9 1. 82 7. 36 0.057 0.688 0.093 0. 379 0.0194 
B,_ 9-36 1.98 6. 10 .044 .705 . 115 .357 .0159 
B2_ 36-60 2.04 4.54 .028 .669 . 147 .329 .0093 
C.... 60+ 2. 02 4. 76 .038 .666 . 143 .332 .0122 

The high sa ratio for A compared with the same ratio for Bi, B2, and C tends to 

exaggerate the importance of silica. This is the case, however, only when sa is used 

as the basis of determining the relations of either silica alone or alumina alone in the 

three horizons. The molecular equivalent composition shows that silica, per unit of 

weight, is only about 30 per cent higher in A than in C. The relative number of iron 

oxide molecules per unit of weight is lower in Bi and A than in C. Iron oxide has been 

number of molecules of alkalies and alkaline earths per unit of weight in A and B is 

almost equal, but it is less than half that in C. In all three horizons it is high. Some 

accumulation of alumina in B has taken place, the number of molecules per unit of 

weight in B being about 37 per cent greater than in C, but that in A is only half 

that in C. 
The chemical and mechanical composition of matei’ial from an Iredell profile 

from Guilford County, N. C., together with that of colloid from a very faintly devel¬ 

oped B horizon (10 to 20 inches) are shown in Table 130. High CaO, iron oxide, 

and magnesia are characteristic of young soils developed from ferromagnesian rocks. 

The A horizon has lost some alumina but very little iron oxide and alkalies or alkaline 

earths. The sand in A contains other minerals than quartz, and the development 

of A has taken place through the removal of very fine particles from the soil rather 

than by eluviation. The silica-sesquioxide ratio in the colloid of the B horizon is 

1.88, and the silica-alumina ratio is 2.57. 

Table 130.—Composition of Iredell loam, Greensboro, Guilford County, N. C.1 

removed from A but has not accumulated in Bi. There is a slight accumulation in B2. 

The increased number of molecules of alumina in Bi, per unit of weight, over those- 

in C amounts to a little less than 10 per cent of those in C, whereas those in A are 40 

per cent less than in C. 

The increase in the number of molecules of alkalies and alkaline earths in Bx over 

those in C and in A over those in Bi is unusual among the Red soils if among no others. 

The increase in Bi over those in C is a little more than 10 per cent, and the number 

in A is more than 50 per cent greater than in C. 

The sa ratios in the colloid of the several horizons show somewhat more leaching 

of silica from the A and B! horizons than from C. The molecular equivalent composi¬ 

tion in Si02 and A1203 in the colloid is relatively uniform throughout the profile. 

The percentage of iron oxide is lower in the colloid of the upper horizons than in that 

of the lower. 

The Davidson soils are well oxidized and have begun to develop a profile. They 

are associated with the soils of another series, the Iredell, which have developed from 

the same kind of rocks. The Iredell soils are less deeply weathered, however, than 

the Davidson. 

The chemical and mechanical composition of material from a profile of Iredell 

loam from West Bend, Iredell County, N. C., are shown in Table 128. 

Table 128.—Composition of Iredell loam, West Bend, Iredell County, N. Cl 

Sample 
No. 

Hori¬ 
zon 

Depth 

Inches 

236921 __ A 0- 5 

236922,_ B 5-25 

236923-. C 25+ 

Chemical2 

SiOa 

P. ct. 
•“63.32 
‘66. 78 

'“45. 79 
‘51.43 

'“44. 30 
‘46. 64 

TiOj 

P.d. 
1.29 
1.36 
.61 
.69 
.39 
.41 

Fe2C>3 

P. ct. 
12.49 
13.17 
10. 93 
12. 28 
10. 25 
10.79 

AI2O3 

P. ct. 
9.30 
9.81 

24. 70 
27.74 
19. 27 
20.28 

MnO 

P. ct. 
0.36 
.38 
.12 
.14 
.18 
.19 

CaO 

P. ct. 
3.11 
3. 28 
1.97 
2.21 
7. 62 
8. 02 

MgO 

P. ct. 
4. 75 
5.10 
3. 96 
4. 45 

12.21 
12.86 

K2O 

P. ct. 
0.13 
.14 
.11 
.12 
.20 
.21 

Na20 

P.ct. 
0.31 
.33 

1.16 
1.30 
.64 
.67 

P2O5 

P.ct. 
0.04 
.04 

(3) 
(3) 
(3) 
(3) 

SO3 

P.ct. 
0. 05 
.05 
.05 
.06 
.03 
.03 

Igni¬ 
tion 
loss 

P. ct. 
5.25 

11.00 

5.02" 

Total 

P. ct. 
100. 40 
100. 44 
100. 40 
100. 42 
100.11 
100. 09 

N 

P. ct. 
0.043 

.046 

~."oii' 

C02 
from 
carbo¬ 
nates 

P.ct. 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical4 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 
mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Percent Percent Percent Percent Percent Percent Percent Percent 
236921_ A 0- 5 10.7 10.8 4.0 27.0 22.4 18.1 6.9 99.9 
236922_ B 5-25 .5 1.7 1.8 15.7 11.4 18.2 50.4 99.7 
236923___ C 25+ .6 3.8 4.4 45.3 23.3 16.2 6.4 100.0 

1 Collected by W. D. Lee. 
2 Analyzed by G. Edgington. 
2 Trace. 
4 Analyzed by J. B. Spencer. 

The percentage of alumina is lower in the upper 5 inches than below that depth. 

The character of the parent rock is brought out in the very low percentage of potash 

and the high percentage of calcium. The percentage of Na20 also is relatively low. 

The percentage of clay in the thin 5-inch A horizon is 7 and that of silt is 18. The 

sand present is dominantly fine and very fine, with 11 per cent of coarse sand. In 

horizon B the percentage of clay is 50.4, but that of silt remains 18, the rest of the 

material being fine and very fine sand. Clay in C amounts to 6.4 per cent only, 

this horizon consisting of disintegrated diabase only. Fine and very fine sand are 

dominant, amounting to 68.6 per cent. 

The percentage of iron oxide is high and almost uniform throughout the profile. 

That of alumina is moderate for the profile as a whole but is relatively low in A and 

high in C. Magnesia and CaO are very high, the former more so than the latter. 

The ratios and the molecular equivalent composition for Si02, Fe203, A1203, and 

the sum of the molecular equivalents of alkalies and alkaline earths, except magnesia, 

are shown in Table 129. 

Table 129.—Iredell loam, West Bend, Iredell County, N. C. 

Sample No. 
Hori¬ 
zon 

Depth in 
inches 

Ratios Molecular equivalent composition 

sa sf ba Si02 Fe2C>3 AI2O3 

Alkalies 
and al¬ 
kaline 
earths 

236921_ A 0- 5 n. 57 13. 43 0.680 ' 1.107 0. 082 0.096 0.0654 
236922_ B 5-25 3.15 11.10 .223 .850 .077 .271 .0622 
236923_ C 25+ 3.91 11.78 .787 .773 .067 . 198 .1560 

The complete analysis and the sa ratios show that an A horizon has developed. 

The removal of material from the A has consisted of the alumina and CaO, the iron 

oxide not having been removed. The amount of the latter, relative to silica, is a 

little less in A than in B, but the molecular equivalent composition shows a higher 

number of molecules per unit of weight in A than in B and a higher number in the 
latter than in C. 

Chemical3 

Horizon Depth 

Si02 Ti02 Fe203 AI2O3 MnO CaO MgO K20 Na20 P205 SOs 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. 

A,_ (“56.40 2.41 12. 34 11.17 0.270 4. 43 0. 92 0.20 1.48 0.31 0.18 10. 50 100. 61 0. 270 
0- 5 

(‘63.01 2. 69 13. 78 12.48 .300 4. 95 1. 02 .22 1.54 .34 .20 _ 100. 53 _ _ 
(“60.56 2. 38 12. 37 11.83 .220 4. 38 .94 .20 1.79 .21 .13 5.03 100. 04 .030 

A2--- __ 
(‘63.77 2. 50 13. 02 12. 45 .230 4. 60 .99 .21 1.88 .22 .14 100. 01 _ _ 

“47.70 1.84 13. 82 21.52 .050 2. 92 1. 25 .21 1.19 .15 .08 10. 00 100. 73 .040 

10-20 
1 ‘53.00 2. 04 15. 35 23.91 .050 3. 24 1.39 .23 1.32 .17 .09 100. 79 _ _ 

1 “40.73 1.91 15. 45 26. 94 .014 .97 .93 . 11 0 .13 .16 12.44 99. 78 .150 

P46.51 2.18 17. 64 30. 76 .019 1. 11 1.06 .12 0 .15 .18 _ 99. 72 _ — 

-in tt (“47.52 1.82 12.85 20. 22 . 180 5. 77 2. 45 .26 2.00 .20 .09 6. 96 100. 32 .020 

(‘51.07 1.95 13. 80 21.73 . 190 6.21 2. 63 .28 2.15 .22 .10 — 100. 33 — — 

Horizon Depth 

Mechanical3 

Fine 
gravel 

(diame¬ 
ter 2-1 
mm) 

Coarse 
sand 

(diame¬ 
ter 1-0.5 

mm) 

Medium 
sand 

(diame¬ 
ter 0.5- 

0.25 mm) 

Fine sand 
(diame¬ 
ter 0.25- 
0.1 mm) 

Very fine 
sand 

(diame¬ 
ter 0.1- 

0.05 mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
A!_ 0- 5 4.3 6.0 4.5 11.7 13.2 42.2 18.0 99.9 
A2--- — - — -- 5-10 5.5 4.7 3.3 10.9 13.1 45.9 16.5 99.9 
B_ 10-20 .6 .9 1.0 3.5 5.3 24.4 64. 2 99.9 
C_ 20-27 1.0 3.7 4.7 13.4 12.5 28.9 35.7 99.9 

1 Collected by H. G. Byers and R. C. Jurney. 
2 Analyzed by G. J. Hough. 
8 Analyzed by L. T. Alexander. 

THE PRAIRIE SOILS 

The soils of the prairies of the United States have been separated into a group 

comparable to the Gray-Brown Podzolic and the other great soil groups. Whether 

finally these soils will be recognized as a soil group comparable to the Gray-Brown 

Podzolic soils is not yet known. The soils are so entirely different from those of any 

of the other great groups that, for the present, it seems very unwise to attempt to 

include them in any of the established groups. The area shown on plate 2, and the 

area in which Prairie soils are shown on the large soil map is defined not on the basis 

of the occurrence of grassland but entirely on the basis of the character of the soils. 

While this coincides, on the north, east, and south, with the grassland boundary, on 

the west grassland extends far beyond what is recognized here as the Prairie boundary. 

The Prairie soils are grassland soils, but were developed under a high rainfall. In 

this respect they seem to be unique, not occurring elsewhere in the world, except 

possibly in small areas, and where they do occur, have heretofore been designated as 

degraded Chernozems. 

East of the general eastern boundary of the Prairie soils, small areas of soils 

similar to those of the prairies occur, which also were developed under grass cover. 

These areas are scattered, here and there, through Michigan, Indiana, and Ohio, and 

apparently also in Kentucky. In detailed mapping they have been differentiated 

from the normal soils of the Gray-Brown Podzolic group surrounding them. They 

are all degraded and are approaching in character the normal Podzolic soils sur¬ 

rounding them. On the large map in this publication, they are not shown separately 

because of the small area covered by each of them. 

Plate 2, shows the general distribution of the soils included in this group. Like 

the other areas on this map, it shows the boundaries of the region throughout which 

well-developed soils having the characteristics of the soils of the group occupy impor¬ 

tant areas though they are not necessarily dominant. Within the area designated 

as that of the Prairie soils a rather large proportional part is occupied by soils whose 

characteristics are different from those of the typical members of the group. It is 

probable that the proportion of such soils is greater in the prairie region than in that 

of any other group. This is because the fundamental characteristics of the typical 

Prairie soils are entirely different from those of any of the groups described on the 
preceding pages. 

Typical Prairie soils are not Podzolic, but soils of all the groups previously dis¬ 

cussed are Podzolic. Although development seems to have taken place under the 

influence of a rainfall high enough to have podzolized them, Prairie soils do not have 

the Podzolic profile. A possible reason for this will be given later. We are con¬ 

cerned here with the mere fact that the surface horizon of the somewhat theoretically 

typical Prairie soil has not been leached of its bases to such an extent as to make it 

acid in reaction, to deflocculate its colloids, or to produce an eluviated horizon. 

The typical Prairie soil profile has a very dark brown or black surface horizon, 

or layer, the blackness being caused by the presence of a high percentage of organic 

matter. The structure is granular with rather fine grains. This layer is underlain 

by a brown horizon which is little if any heavier in texture than the surface horizon 

but differs from the surface layer in the much lower percentage of organic matter 

and in the brown color. The material in this layer usually falls, on exposure, into 

rather large roundish grains in the upper part and in the lower part into angular 

particles ranging up to about half an inch in diameter, larger than the granules in 

the upper part. This layer, in turn, is underlain by parent material ranging widely 
in character. 

The high percentage of lime is probably responsible. The combined alkalies 

and alkaline earths relative to alumina, are high in A, low in B, and high in C, the 

percentage in A being only about 14 per cent lower than in C, but that in B is less 

than a third of that in C. The molecular equivalent composition shows that the 

The profile just described is the ideal and somewhat theoretical profile. The 

soil over most of the area is less dark than the typical soil, is slightly acid at the 

surface, the colloids in the surface are slightly deflocculated, and very slight eluviation 

has taken place. The soil is in the earliest stages of podzolic development. Id 
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soil survey work a soil in the prairies is accepted as a member of the prairie group if 

the surface horizon has a well-defined dark color and is 8 or more inches thick. 

Most of the Prairie soils are slightly degraded. 

Considerable areas of Gray-Brown Podzolic soils occur in the northern part 

and of Red and Yellow soils in the southern part of the prairie region. So far as is 

„ now known the Prairie soils are the original soils within this region, whereas the 

Gray-Brown Podzolic soils within the same region have been developed in recent 

geological time in areas where original Prairie soils either have been changed, or new 

soil has been developed in places where Prairie soils have been removed by erosion, 

the new soils not being Prairie soils. Prairie soils occupy the smooth uplands which 

have not yet been thoroughly dissected, while the streams within the area are 

bordered by belts, varying in width approximately according to the size of the 

streams, in which Gray-Brown Podzolic soils occur. 

It is generally considered by botanists that the prairie region is potentially a 

forest region. By that is meant that this region would have been occupied by 

forest, except for what may be considered an accident. The persistence of grass 

vegetation through a long period of time is considered to be the result of an accident 

and is not an expression of the natural environment of the region. 

The light-colored Gray-Brown Podzolic soils lying within the belts along the 

streams of the region are soils which have a more complete adjustment to the climatic 

conditions of the region than the Prairie soils. Since, however, the climate is only 

one of the dynamic factors which develop soils, natural vegetation being another 

and apparently a very strong one, and since the character of the Prairie soils seems 

to have been determined by the grass vegetation, it is apparent that the Prairie soils 

may be considered not as soils without normal development, but as an expression 

of the operation of both the dynamic factors of soil development, to the action of 

which all soils are subject, but in which the particular combination of forces has 

been somewhat unusual. They are the product of an association of natural grass¬ 

land with a humid climate. The usual association is with a semiarid climate. In 

tins case the natural vegetation has, up to the present time, overcome the normal 

effect of the climate. It has proved to be, so far, the stronger factor. 

In the forested areas along the streams where Gray-Brown Podzolic soils have 

* developed, the two dynamic factors have operated in harmony to produce the Gray- 

Brown Podzolic soils, or if not in harmony, the influence of the prevailing forest vege¬ 

tation has been relatively less effective than the grass vegetation in the Prairie soils. 

Since the grass in this region is not what botanists call a climax vegetation, its 

presence must be described as accidental. It is not necessary to discuss the reason 

for this, as it is an ecological matter. 

In general the Prairie soils may be subdivided into nine subgroups. These 

may be designated as the Carrington, Clarion, Marshall, Summit, Cherokee, Crete, 

Houston, Webster, and Lake Charles subgroups. These subgroups are designated 

by the name of the dominant soil series in each, and each predominates in a given 

part of the prairies. 

CARRINGTON AND ASSOCIATED SOILS 

This group includes the soils of the Carrington, Shelby, and a few less important 

series. These soils are very important well-drained soils of the northern prairies. 

They are the dominant soils in southeastern Minnesota, eastern Iowa, northern Mis¬ 

souri, and part of southeastern Nebraska, and they occur in important areas in 

Northern Illinois. (PI. 5, secs. 2, 6, and 7.) 

The soils of the Carrington series are probably more nearly normal in all re¬ 

spects than are those of other members of the group. They have developed from 

glacial drift, predominantly slightly calcareous, on rolling relief with the ground 

water surface well below the bottom of the solum. 

The profile is characterized by a dark-brown surface soil, rarely becoming black, 

in which the dark-colored layer extends to a depth of about a foot except where erosion 

from, or accumulation on, the natural surface has taken place. This layer con- 

* stitutes an ill-defined A horizon. It is underlain by a brown, slightly heavier B 

horizon, the transition from A to B being gradual. Except in the sandy members, 

the material of the B horizon breaks naturally into rather well defined angular 

structure particles about one-fourth or one-half inch in diameter. In the normal 

soil the color is essentially uniform on a broken or evenly cut surface, the former 

being darker than the latter because of a more or less dark-colored coating on the out¬ 

sides of the particles which are usually free from gray coating. This horizon extends 

to a depth of about 3 feet and is underlain by parent glacial drift leached of its car¬ 

bonates and somewhat oxidized to a depth ranging up to 10 feet, depending on the 

texture and on the percentage of carbonate in the unweathered material. 

Where the Carrington soils lie on smooth surfaces some eluviation has taken 

place. This is merely an expression of the slight acidity of these soils. They vary 

somewhat in this respect, ranging, as they have been mapped, from Carrington 

soils with a B horizon simulating that of the Gray-Brown Podzolic soils, with maxi¬ 

mum acidity in the A horizon and a comparatively light color, to soils entirely free 

from eluviation and Avith a black surface color. The B horizon of the Carrington 

soils is usually slightly acid and is immediately underlain by material that does not 

effervesce in acid. Downward, lioweATer, it is calcareous below the level to which 

leaching has extended. 

As shown on the large soil map the Carrington soils, especially in eastern Iowa, 

include a considerable area of silty soil developed from material that is usually identi¬ 

fied as loess. The profile, however, of this soil, which is mapped in detailed mapping 

as Tama silt loam, is essentially identical with that of the silt loam of the Carrington 

series. The silty material beneath the B horizon of the Tama soils is not calcareous 

above a depth of 6 feet. 

In the main area of occurrence of the Carrington soils, especially in eastern Iowa 

and central Illinois, these soils are associated with imperfectly drained soils which 

have been mapped as members of the Grundy series. The latter are not so imperfectly 

, drained as the Clyde or Webster soils, the imperfect drainage manifesting itself only 

in the B horizon. They are darker in color, however, than the associated Carrington 

soils, since their occurrence on flat or even slightly depressed areas gives them a 

higher water content than is usually present in the Carrington soils, and the grass 

« cover is more luxuriant. They are also somewhat less leached in the A horizon than 

the Carrington soils. The A horizon is underlain by a horizon mottled in rather a 

characteristic way. It breaks into a great number of small subround particles. The 

color on the outside of each particle is dark, whereas inside each particle is a band 

first of gray, succeeded by yellowish, and finally by rust-brown material, the latter 

occupying the center of the particle. The particles range around a quarter of an 

inch in diameter. Downward the particles become larger and the dark-colored coat¬ 

ing less and less marked, finally disappearing at a depth of 3 or 4 feet, below which 

lies the glacial drift of the region, thoroughly leached and weathered to a depth of 

several feet. Effervescence in acid does not take place above a depth of 5 feet. 

Shelby soils cover an important area in south-central Iowa, northern Missouri, 

and northeastern Kansas. They occur also in Nebraska but in the latter State 

have been shown on the map as Carrington because of the small areas in which they 

occur. In their essential fundamental characteristics they are Carrington soils. 

They have been differentiated from the Carrington in detailed mapping largely on 

a theoretical basis, having been derived from an older glacial drift than that from 

which most of the Carrington soils have developed. They occur also on more rolling 

relief, have been subjected to better drainage and more complete oxidation, the soil 

minerals are more completely decomposed, and the B horizon is slightly reddish and 

heavy, the heavy texture being partly due to eluviation. They have become slightly 

acid in reaction, partly because, occurring on rolling relief, the grass cover was not 

so luxuriant as on the smooth uplands where the associated soils developed. The 

less luxuriant grass cover was due to the smaller water supply, a larger proportion of 

the natural rainfall having been lost in run-off than on the smooth uplands. For 

this reason, therefore, the Shelby soils as a rule contain a somewhat lower percentage 

of organic matter, and the dark-colored layer is thinner than in the Carrington soils. 

Because of development from older drift, they have been more thoroughly eluviated 

and the reaction has become slightly more acid. The profile has characteristics 

aligning it with both the Prairie and the Gray-BroAvn Podzolic soils. 

CLARION AND ASSOCIATED SOILS 

The Clarion soils cover the northern part of the prairie region, occurring in 

Minnesota, northern IoAva, and northern Illinois. Of the Prairie soils developing 

under good drainage and in a normal direction, Avithout interference by local condi¬ 

tions, these are the youngest. Their profile has developed to a depth of about 2% 
feet, so that it may be considered almost mature. The surface soil is dark-brown or 

black granular material, usually sandy loam or heavier, and it ranges from 10 to 15 

inches in thickness. On account of prairie fires it is rarely found with a layer of 

decaying vegetable matter overlying the mineral soil. It is apparent that this condi¬ 

tion has persisted throughout the period of the development, not only of this but of 

all the Prairie soils. These soils differ from the Gray-Brown Podzolic soils in this 

respect as well as in others. The dark color of these soils is owing to material 

accumulated within, and not on, the soil. Whatever effect on the color of the upper 

part of the mineral soil within the forested region may have been brought about 

by the action of insects and worms, it is apparent that, although they have undoubt- 

edly operated within the prairie region, they have had a comparatively unimportant 

effect in increasing the darkness of the color of the upper part of the prairie soils. It 

is probable, however, that they have, in some cases at least, increased its thickness 

by carrying material downward, but the additional thickness due to the action 

of organisms other than vegetative, seems to have been small. 

The reaction of the surface soil of the Clarion soils is generally neutral. The 

organic and mineral colloids are saturated, and the structure, except where the mate¬ 

rial is light in texture, such as sandy loam, is granular. The dark-colored layer may 

be designated as the A horizon, but it is not an A horizon similar to the A horizon 

of the Gray-Brown Podzolic soils. The texture of the A horizon of the Prairie soils 

has not been changed significantly by eluviation. The mechanical analyses of a 

sample of Prairie soil, Marshall silt loam, shown in Table 136, made of the material 

after the organic matter had been removed by treatment with hydrogen peroxide, 

show that the A horizon is very slightly lighter in texture than the B. 

The B horizon is brown. The material may or may not break into angular 

particles similar to the B horizon of the Gray-BroAvn Podzolic soils, but it is little 

or no heavier than the A horizon. Where it breaks into particles, angular or other- 

Avise, the organic matter has been carried downward along the cracks between the 

soil particles, giving them a dark-colored coating. It is apparent that the thickness 

of the dark-colored layer has been increased downward to a greater extent by the 

action of water than by the action of insects. Neither the A nor the B horizon con¬ 

tains free lime carbonate in sufficient quantities to effervesce in acid. They are both 

practically neutral in reaction, however. Immediately beneath the B horizon, at a 

depth ranging from 2% to 3 feet, lies the parent material consisting of highly cal¬ 

careous glacial drift. This material is identical in its general characteristics with 

that underlying the Miami soils, but the Clarion soils are widely different from the 

Miami. Their difference, however, is a soil difference rather than a difference in 

the character of the parent material, which consists in both cases of glacial drift of 

late Wisconsin age. The soils, therefore, from the point of view of the time during 

which they have been developing, are young soils. They are not, however, neces¬ 

sarily the youngest soils in the region. They occur in association, for example, with 

Webster soils, which are younger than the Clarion because they are less well devel¬ 

oped as soils. The Webster soils have developed in depressed situations where they 

have been subjected to the influence of excessive moisture. They bear the same 

relation to the Clarion soils as the Clyde bears to the Miami. They are black soils, 

with bluish or bluish-gray subsoils. The surface soil may or may not contain enough 

free carbonate to effervesce in acid, but effervescence occurs a short distance below 
the surface. 

The Brookston and Clyde soils, theoretically at least, will develop into Miami 

soils in the future when they have been subjected to normal development under good 

drainage for a long time, but the Webster soils will not develop into light-colored 

soils, at least until after they have passed through a stage similar to that of the 

Clarion. After the Clarion soils finally pass through the stage of their existence 

marked by the presence of Prairie soil characteristics, which seem to be temporary, 

and change to Gray-Brown Podzolic soils, presumably the Webster soils will change 
also. 

MARSHALL SILT LOAM 

Along the Missouri River in Avestern Iowa, eastern Nebraska, northeastern 

Kansas, and northwestern Missouri (fig. 34), is a rather broad belt covered by Alar- 

shall soils in which the dominant soil is Marshall silt loam. In general profile features 

this soil is similar to the Carrington, but the reaction of the typical Marshall is neu- 
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tral. Southward along the river the reaction becomes acid, very slightly at first. 

In the extreme southern part of the area of its occurrence, in western Missouri, it 

is more acid than farther north and the profile therefore has become somewhat elu- 

viated. This is also true of the soils in northeastern Kansas, but northward in 

western Iowa and northeastern Nebraska the profile is essentially like that of the 

Clarion soils so far as eluviation is concerned. The dark-colored A horizon is about 

as thick or a little thicker than that of the Clarion soils, and the structure is granular. 

The percentage of organic matter is slightly less than that in the Clarion soils and the 

color is a little less intensely black. The B horizon is brown silt loam which may or 

may not be slightly heavier than the A horizon but is usually heavier in the southern 

part of the belt. Neither the A nor the B horizon, however, contains sufficient calcium 

carbonate to effervesce in acid. Beneath the B horizon is loose yellowish silty mate¬ 

rial which may contain iron spots, especially in the southern part of the belt, and which 

effervesces in acid at a depth ranging from only a few inches below the B horizon in 

the northern part of the belt to several feet in the southern part. 

The soils of the northern end of the Marshall belt and the uneluviated soils of 

the Carrington and Clarion series are considered typical soils of the prairie region. 

They seem to be characterized by features constituting the fullest expression of the 

conditions under which they developed. These features have been modified very 

little by what may be designated degradation processes. The typical Marshall and 

Clarion soils have not yet been degraded, and those of the Carrington series are only 

slightly so. The colloids are still saturated with bases, the organic matter is not yet 

being dissolved rapidly, and eluviation has not taken place. Most of the Prairie 

soils, however, have been slightly, and some of them strongly, degraded. This is 

to be expected because of their development under the influence of a heavy rainfall. 

As long as the grass vegetation is able to overcome the leaching effect of the large 

amount of percolating water to an extent sufficient to maintain the colloids in the 

surface soil in a saturated condition, they will not be degraded. Theoretically, a 

stage will be reached in the development of all Prairie soils where the grass will be 

unable to maintain this condition. The discussion of the attainment of this stage 

can not be taken up here, but it is apparent that this stage has been attained in a 

great many of the Prairie soils, among them being the Marshall soils in the southern 

part of the Marshall belt, and in a considerable part of the Carrington soils. The 

Clarion soils have not yet reached this stage of development. 

SUMMIT AND ASSOCIATED SOILS 

A large area of Summit soils is shown on the map in eastern Kansas and western 

Missouri south of Missouri River. These soils have developed from material accurnu- 

Figure 34.—Grassland with trees on degraded Marshall silt loam, Andrew County, Mo. 

lated by the decay of the country rock rather than from glacial material, this rock 

consisting of shales, sandstones, and limestones. The shales underlying the true 

Summit soils are predominantly slightly calcareous. The soils are normal silt 

loams or heavier. The Summit soils constitute the normally developed Prairie 

soils of this region, but the area shown on the map as Summit contains considerable 

areas of soils which are not typically Summit soils. The true Summit soils, as 

these soils are now defined in the detailed work of the Soil Survey, probably 

occupy a minor part of this total area. Since, however, they represent the normal 

or most nearly normal soils of this region, the whole area has been shown as Summit. 

Being Prairie soils they are dark and have a neutral or very slightly acid reaction in 

the surface soil. The structure is granular, usually rather well defined, and the thick¬ 

ness of the dark-colored layer ranges up to about 12 inches. It is underlain by a B 

horizon somewhat heavier than the A (since these soils have been slightly eluviated) 

which breaks into angular particles of subround granules ranging up to a quarter 

of an inch in diameter. The granules are coated dark in color on the outside by 

organic matter, and they are brown on the inside. Downward the organic matter 

decreases and disappears at a depth ranging from 3 to 5 feet, below which lie the 

clays resulting from the disintegration of the country rock. 

The Summit soils are associated with the Crawford soils which occur in small 

areas in the eastern part of the Summit region and in larger areas in the western part 

and in Texas. The Crawford soils differ from the Summit by having developed from 

material accumulated by the decomposition of limestones and calcareous shales. 

The surface soils are dark, being similar to the Summit soils in this respect, but the 

B horizon is reddish, having been derived from limestone material, this being espe¬ 

cially true in Texas and southern Kansas. The B horizon is underlain at slight depths, 

ranging from 2 to 5 feet, by limestones. 

Bates soils also are associated with the Summit soils and differ partly in their 

derivation from noncalcareous shales. They differ also in the thinner layer of dis¬ 

integrated and decomposed material from which they have developed. This layer 

is rarely 2 feet thick, so that the soil profile is incompletely developed. The color of 

the A horizon is not so dark as that of the Summit soils since podzolization has already 

begun. The absence of lime carbonate in the parent material has prevented the 

maintenance of a saturated condition of the organic matter in the surface soils, so 

that they have become more thoroughly podzolized or more thoroughly degraded 

than the Summit soils. 
The soils of a rather large area in Texas have been mapped as members of the 

Windtliorst series. In all essential respects they may be considered as members of the 

Bates series, but as a whole they are somewhat lighter in color and the layer of dis¬ 

integrated material overlying the rock is thicker. They have developed under grass 

cover, but the density of the grass cover is not very great and an open growth of oaks 

has spread over at least part of the region. A large part of the area mapped as 

Windthorst is underlain by imperfectly developed soils due to the activity of erosion. 

The Windthorst soils are associated also with soils occupying a considerable area and 

mapped as members of the Denton series which are similar in their general charac¬ 

teristics and also in the source of their parent material to the Crawford, bhey are 

somewhat more shallow than the Crawford soils, and the B horizon is grayish or 

yellowish rather than red. The reason for this is that these soils have been derived 

from calcareous shales to a greater extent than from limestones, and reddish soils do 

not develop from such materials as readily as from limestones. It will be recalled that 

in the discussion of the Decatur soils in the southern Appalachian region (p. 46), atten¬ 

tion was called to the fact that red or reddish soils are associated with limestones high 

in carbonates rather than with calcareous shales. 

SOILS WITHOUT NORMAL PROFILES 

The Prairie soils so far described have either what are regarded as typical prairie 

profiles or are soils in which the profiles have been somewhat modified by degradation 

or podzolization. Throughout the prairie region, however, there are large areas 

covered by soils which have not now a normal profile and presumably never had, and 

the existing profile is not the product of degradation or of podzolization of a Prairie 

soil profile. In some cases ground water has been a factor; in other cases the character 

of the parent material seems to have been a factor. These soils may be designated 

as a whole as soils without normal profiles. Since they have developed, however, 

under natural conditions it is not strictly correct to describe their profiles as not 

normal but at least they are not profiles which have developed under an unimpeded 

and free action of the two dynamic soil-developing factors of the region—natural vege¬ 

tation and climate. The characteristics of their profiles are due to the operation of 

these two factors modified by others which have changed the normal course of 

profile development. 

The unusual feature in the profiles of these soils, which differentiates them from 

the normal Prairie, the degraded Prairie, or the Gray-Brown Podzolic soils, consists of 

a B horizon of heavy tough plastic clay very similar in its characteristics to the heavy 

horizon of the Solonetz soils. 

CORY, PUTNAM, AND ASSOCIATED SOILS 

The Cory soils occupy a large area in south-central Illinois, south of the region of 

Carrington soils. They have developed from old glacial drift and on fiat relief where 

drainage has been imperfect. The surface drainage has not been sufficient to cause 

soil development similar to that which produced the Clyde, Brookston, and Webster 

soils where the water table has stood on the surface or above it during the period of 

soil development, but they have been exposed to excessive moisture during the winter 

and spring and to low ground water and, to a great extent, to excessive dryness in 

late summer and autumn. They have developed under a rather sparse grass cover. 

They do not have a dense black color in the surface soil but are merely dark brown. 

The dark-colored A horizon is predominantly silty and ranges up to 6 or 8 inches in 

thickness. The structure is only very faintly granular, and in many cases granulation 

can not be detected. The material has a horizontal or parallel arrangement, splitting 

into horizontal plates similar to those in the A horizon of the Gray-Brown Podzolic 

soils. The dark-colored layer is usually underlain by a grayish silty layer and this, 

in turn, by heavy tough plastic intractable clay which varies in color somewhat but 

is usually dark, especially on the outsides of the structure particles into which the 

material breaks. The heavy layer is underlain by silty clay material presumably 

derived from the decomposition of the underlying drift, but effervescence does not 

occur to a depth ranging from 6 to 10 feet. 

A series of soils similar to those of the Cory series, occurs in flat areas in the western 

part of Illinois and in large areas of northeastern Missouri. It has been desig¬ 

nated in detailed work as the Putnam series. The Putnam soils are somewhat 

darker and have a thinner gray layer between the dark-colored surface layer and the 

heavy clay beneath than the Cory soils. The heavy clay in the B horizon of the 

Putnam may be somewhat more extremely developed than in the Cory, but it 

breaks readily on drying into angular and blocky particles which furnish drainage, 

especially during a short rainy period following dry weather. After these particles, 

however, have become thoroughly wet and have expanded, the rapid downward 

percolation of water is stopped in both the Putnam and Cory soils, so that in periods 

of extended wet weather they become very much water-logged. The Putnam soils 

have developed from old glacial drift from which the lime carbonate has been removed 

to a great depth. This drift seems originally to have been largely calcareous. Both 

the Cory and Putnam soils are acid in reaction. 

A similar soil, associated with the Grundy soils in southeastern Iowa, has been 

mapped as Edina silt loam. It is not shown on the map because of its occurrence in 

narrow belts along flat ridge tops. The Grundy soils, as heretofore described in 

association with the Carrington, occur in areas where the relief is a little more 

undulating than that in which the Edina soils occur. 

In north-central Missouri and adjacent parts of Iowa, another series of soils, 

similar to the Putnam, has been mapped as the Grundy series. It is now known that 

these soils are not typical of the Grundy series and in future mapping will be given 

independent status. These soils differ from the Putnam soils in the darker color and 

great thickness of the surface soil, or A horizon, in the less perfect development of the 

gray horizon lying beneath the dark-colored horizon, and in less extreme develop¬ 

ment of the tough heavy clay horizon. In other words, these soils have not yet 

developed those characteristics peculiar to the Cory and Putnam soils to such an 

extreme extent as have the latter two soils. They are more nearly normal soils than 

the Putnam and Cory and lie, in soil characteristics, between these latter and the 

Carrington soils. They are more nearly related, however, to the Putnam soils than 

to the Carrington, since the clay layer is rather well developed. 

CHEROKEE AND ASSOCIATED SOILS 

In southwestern Missouri and southeastern Kansas, soils occupying a belt of con¬ 

siderable extent have been mapped as members of the Cherokee series. They have 

developed from material accumulated by the disintegration and decomposition in 

place of shales and sandstones. They are similar in general profile characteristics to 

soils of the Putnam series but differ in the color of the surface soil. They have de- 
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veloped under grass cover but have not developed the dark color characteristic of 

normal Prairie soils, or if such dark color was ever present it has been lost. They are 

now brown or dark brown to a depth of 6 inches and have a moderately well developed 

gray horizon beneath the dark-colored layer, the two constituting the A horizon. 

The B horizon ranges from moderately heavy to very heavy. It is less heavy appar¬ 

ently on the east side of the belt than on the west side. 
In southeastern Kansas these soils attain their greatest extreme of profile de¬ 

velopment, the heavy layer being fully as heavy as that of the Putnam soils. In this 

region they differ from the Putnam soils only in the lighter color of the surface horizon 

and in parent material. They extend southward into Oklahoma and apparently 

entirely across that State into Texas. Since very little soil survey work has been done 

in Oklahoma, it is not known how extensively these soils occur. In profile character¬ 

istics, other than color of the surface horizon, these soils are similar to the Lufkin 

soils in Texas. It is known that a large proportion of the soils in eastern Oklahoma, 

where they have developed on smooth uplands, have a profile similar to that of the 

Cherokee soils. 
Another group of soils associated with the Cherokee in southeastern Kansas, with 

a profile somewhat similar but less extremely developed, constitutes the Parsons 

series. The Parsons soils differ from the Cherokee in having a darker colored surface 

horizon, with a less well defined gray layer in the lower part of the A horizon. The 

B horizon is less extremely developed, and is not so heavy, hard, or intractable as 

the B horizon of the best developed Cherokee soils. The soils of both series arc 

derived from the same material, this having been accumulated by the decay of 

shales in place. The Cherokee soils lie on areas of flat relief, and the Parsons soils 

lie on gently rolling areas. _ 
It has been stated that the area shown on the map as that in which Summit soils 

are present contains probably less than 50 per cent of Summit soils. Some of the 

soils associated with the Summit are Parsons, together with small areas of Cherokee 

and Crawford soils. 
The soil map (pi. 5, secs. 6 and 7) shows a rather large area of Kirkland soils m 

eastern Oklahoma. It is not known whether or not these soils are true Kirkland, but 

it is known that the soils of this region have a heavy clay horizon beneath the surface 

soil. The Kirkland soils are members of the same general group as the Parsons and 

Cherokee soils and differ mainly in the character of the parent material. They have 

been derived from calcareous shales, but it is apparent that in an important pait of 

the area shown on the map the parent shales are not calcareous. In such cases they 

do not differ in any essential respect from the Parsons soils, where the color is dark, 

or from the Cherokee, where it is lighter. The subsoils are reddish in color. These 

soils are associated with the Vernon soils, especially in the western part of the area, 

the latter being younger soils not yet having developed a profile, the soil consisting of 

little else than red and reddish sandy clay. The color of the material is the color of 

the parent rock and is not a soil color. The true Vernon soils lie west of the region 

of true Prairie soils, but they are shown in association with the Kirkland soils. The 

differentiation between true Prairie soils and soils of the region west of the prairies, 

to be discussed later, has not been worked out in Oklahoma because very little map¬ 

ping has been done in that State. 
The soils discussed as Cory, Putnam, Grundy, Cherokee, and Kirkland are clay- 

pan soils constituting soils without normal profiles.. Similar soils occur in asso¬ 

ciation with the other groups of soils, especially with the Gray-Brown Podzolic 

soils of southern Illinois and also in association with the soils of the Great Plains which 

will be discussed later. Their profiles are not normal profiles developed under the 

unmodified influence of the climatic and vegetative environment of the region, but are 

the product of these, modified in their operation by local factors, one of these being 

apparently the chemical composition of the parent material. Studies have not yet 

been carried far enough to warrant a definite conclusion regarding their origin. The 

profile is morphologically so much like that of the Solonetz soils of the Great Plains 

that a similarity of origin is suggested. They are local soils, therefore, and in a strict 

sense belong in the same category as the poorly drained soils of the Gray-Brown Pod¬ 

zolic group or of the Red and Yellow soils of the South, such as the Portsmouth and 

Leonardtown soils of the older coastal plain or the Clyde and Brookston soils of 

Indiana. HOUSTON AND ASSOCIATED SOILS 

Another group of soils with imperfectly developed profiles, due also.it seems to 

the peculiar character of the parent material, is mapped in large areas m Texas as 

Plouston soils. These soils occur also in Alabama and were mentioned on page 42. 

The characteristic area of their occurrence however, is Texas, where their P^uliar 

features are better developed than in Alabama. The surface soil is black to a depth 

ranging from 6 inches to 2 feet or more in extreme cases. The black color is more 

dense than the black color of most of the Prairie soils, either normal or otherwise. 

Under natural conditions, or where the soil has not been disturbed for a short time, 

the surface is covered with a thin crust. This is underlain at a depth of less than an 

inch, usually one-half inch, by a crumbly highly granular mass from 1 to 3 inches 

thick. The material below this, especially when moist, is slightly more dense, though 

o-ranulation is normally well developed and extends through the depth of the dark- 

colored layer. The dark-colored layer effervesces in hydrochloric acid on the surface 

or immediately below it. Beneath the dark-colored layer he the highly calcare¬ 

ous clays or marls of the region, constituting the parent rock. The soil profile, 

other than the color profile, has not developed. There has been very slight eluyia- 

tion and no development of acidity. The surface soil is either neutral or alkaline 

in reaction. . . . , 
Associated with the typical Houston soils are soils m which degradation or podzo- 

lization has taken place. These soils, in detailed mapping, are identified as members 

of the Wilson series but on the soil map in this Atlas they are included with the 

Houston soils. They occur mainly along the eastern border of . the Houston belt. 

They are, as a rule, somewhat lighter in color than the Houston soils, do not have t e 

granulation of the latter, and are somewhat acid in reaction. In many places 

they have a heavy intractable hard clay layer underlying a grayish layer just below 

the dark-colored surface soil. They seem to be, in part at least, Houstonlike soils 

developed in the presence of salts, similar to those which have caused the development 

of the claypan in the other soils already described, and in part also degraded Houston 

soils The belt of Houston soils extends, as shown on the soil map, southwest from 

near the northeast corner of the State to the city of San Antonio. Beyond that the 

same geologic formations extend to the vicinity of the Rio Grande, but the soils have 
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been differentiated into another soil group although their characteristics are very 

much like those of the Houston soils. They will be described as members of the 

Chernozem soils (p. 75). 

LAKE CHARLES AND ASSOCIATED SOILS 

Along the Gulf coast of Texas and southwestern Louisiana is a belt of black 

Prairie soils with a profile and texture much like those of the. Houston soils. They 

have developed from recently uplifted calcareous clays of marine (gulf) origin. The 

belt in which they occur is not yet entirely well drained, so that the soils owe their 

black color partly to imperfect drainage and partly to their calcareous parent material. 

The soils effervesce at slight depth as a rule. They are shown on the map as Lake 

Charles soils. They occur in a coastal-border belt beginning immediately west of 

the Mississippi River flood plain in Louisiana, extending for a long distance into 

Texas. Its width is about 25 miles. The material from which these soils have 

developed is of very recent geological age, and the soil profile is not developed except 

for the accumulation of organic matter. The calcium carbonate of the parent 

material has been only partly removed. The surface soil is black, usually heavy in 

texture, and has a fairly well developed granular structure. It is underlain by brown 

or yellowish-brown mottled calcareous clay. The dark-colored layer does not usually 

effervesce in acid, but the clays beneath effervesce freely. 
Lake Charles clay, as a soil, is similar to Houston black clay. Both soils aie 

young, both are black, and, to a considerable extent, both are black because of the 

high percentage of calcium carbonate in the parent material, which has not yet been 

leached out or was not at all leached until after the organic matter had been accumu¬ 

lated. Both soils have developed under grass cover. The Lake Charles soils, how¬ 

ever, have developed under less perfect drainage than the Houston soils, and the 

dark color is due in part to this poorly drained condition. 
Immediately north of the belt of Lake Charles soils in Texas, and also to a certain 

extent in southern Louisiana, is a belt of soils mapped as members of the Katy series. 

These are light-colored soils with a profile much like the profile, of the Cherokee soils. 

The A horizon is light in color and silty in texture. The B horizon consists of heavy, 

hard tough clay. In poorly drained spots the profile is not fully developed, and in 

detailed mapping these spots are identified as members of the Edna series. The Katy 

soils and an associated series identified as Hockley soils seem to constitute a transition 

from the undeveloped black Lake Charles soils to the light-colored Susquehanna, and 

Lufkin soils of east-central Texas. Morphologically the profile of the Katy soils is 

essentially like that of the Solonetz soils or "slick spots” of the far West. 

Very little work has been done in the study of the chemical composition of the 

Prairie soils. Aside from the dark color, their characteristics are not such as to 

demand attention. Their profiles do not have the well-defined features of the 

Podzolic soils in the eastern part of the United States or of the Chernozems and the 

soils of the semiarid and arid regions of the western part. Interest in the region of 

their occurrence has been attracted to the natural vegetation, especially its unusual 

relation to the climatic environment and to the general environmental conditions 

rather than to the chemical character of the soils. 

The composition of material from a profile of Carrington silt loam from Butler 

County, Nebr., is shown in Table 131. A glance at the complete analysis shows a 

high percentage of alkalies and alkaline earths, especially when compared, with the 

percentages in the Red and Yellow soils, and an extremely slight differentiation of the 

profile into A and B horizons, based on the relative percentages of silica and the 

sesquioxides. 

Table 131.—Composition of Carrington silt loam, Butler County, Nebr.1 

Sample 
No. 

375503._ 

375504._ 

375505-6 . 

Hori¬ 
zon 

Chemical2 

Depth 

Inches 

0-12 

12-30 

30-48 

SiOj 

P.ct. 
r “73.66 
1*78.73 
f«74.15 
\*77.14 
f «73. 51 
1*76.24 

Ti02 

P.ct. 
0.54 
.58 
.55 
.57 
.55 
.57 

Fe203 

P. ct. 
3.62 
3.87 
4. 07 
4.23 
4. 64 
4. 81 

AI2O3 MnO 

P. ct. 
10.86 
11.62 
12.37 
12.87 
12. 64 
13.12 

P.ct. 
0. 06 
.06 
.07 
.07 
.13 
.13 

CaO MgO 

P.ct. 
0.96 
1.03 
.95 
.99 

1.14 
1.18 

P.ct. 
0.71 
.76 
.89 
.93 
.98 

1. 82 

K2O 

P.ct. 
1. 92 
2.05 
1. 90 
1.98 
1. 60 
1. 66 

Na20 

P.ct. 
1.06 
1.16 
1.12 
1.16 
1.18 
1.22 

P2O5 

P. ct. 
0.10 
.11 
.03 
.03 
.12 
.12 

SOs 

P.ct. 
0.10 
.11 
.03 
.03 
.03 
.03 

Igni¬ 
tion 
loss 

P.ct. 
6.48 

3.87 

3.58 

Total 

P.ct. 
100. 09 
100. 08 
100. 00 
100. 00 
100. 10 
100. 08 

N 

P. ct. 
0.170 

.050 

"."030 

C02 
from 
car¬ 
bon¬ 
ates 

P.ct. 

Sample No. 

375503— 
375504— 
375505-6- 

Hori- 
zon 

Depth 

Inches 
0-12 

12-30 
30-48 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 
mm) 

Fine sand 
(diam¬ 

eter .25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Per cent 
2.6 
.8 

3.1 

Per cent 
5.2 
5.2 
6.7 

Per cent 
3.8 
3.4 
4.3 

Per cent 
13.9 
9.4 

14.5 

Per cent 
23.6 
22.2 
16.1 

Per cent 
36.6 
39.6 
30.1 

Per cent 
14.3 
19.4 
24.6 

Per cent 
100.0 
100.0 
99.4 

1 Collected by A. W. Goke. 
2 Analyzed by G. J. Hough. 
3 Analyzed by V. Jacquot. 

The percentage of clay in the top foot is 14 and of silt is 36.6. The very fine sand 

could also be included with the silt since most of it is of sufficient size as barely to be 

classed as sand rather than silt. The percentage of very fine sand is 23 6, and it runs 

rather high through all the horizons of the profile. The percentage of clay between 

depths of 12 and 30 inches is 19.4 and in the next layer extending to 48 inches is 24.6. 

This is a heavy clay layer and lies below the normal level of what would be the B 

horizon in Podzolic soils. Since the percentage of clay below 60 inches, not shown m 

the mechanical analysis table, is only 23, it is clear that the heavy layer is not part 

of the parent material but is a developed horizon, not a normal B horizon. This is a 

feature widely prevalent in the soils of Nebraska, the origin of which has not yet been 

determined. 

COMPOSITION OF PRAIRIE SOILS 

COMPOSITION OF CARRINGTON AND SHELBY SOILS 
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The range in percentage of silica throughout the profile to a depth of 4 feet is 

only 2, that of iron oxide is a little less than 1, and that of alumina about 1%. The 

percentage of nitrogen in the top foot of the soil is 0.17, equivalent to an organic- 

matter content of about 4 per cent. In the Podzolic soils the layer with as much 

nitrogen as this ranges from 1 to 3 inches in thickness (12), but in the Prairie soils this 

layer ranges from 7 or 8 inches to 15 inches. In this soil it is 10 inches thick, and in 

the layer below this the nitrogen percentage is still high. 

The several ratios and the molecular equivalent composition for Si02, Fe203, and 

A1203 and the sum of the molecular equivalents of alkalies and alkaline earths are 

shown in Table 132. 

Table 132.—Carrington silt loam, Butler County, Nebr. 

Sample No. 
Hori¬ 
zon 

Depth in 
Inches 

Ratios Molecular equivalent composition 

sa sf ba Si02 Fe2C>3 AI2O3 

Alkalies 
and al¬ 
kaline 
earths 

375503 _ _ A 
B 

} ° 

0-12 
12-30 

30-48 

11.52 
10.19 

9. 88 

53. 90 
48. 32 

42. 20 

0.517 
.455 

.454 

1. 312 
1.284 

1.270 

0. 0240 
.0265 

.0306 

0.1137 
.1262 

.1284 

0.0583 
.0573 

.0587 

375504 _ 
375505_ 
375506_ 

The ratios for the three horizons are as much alike as the percentages in the com¬ 

plete analysis table. The sa ratios indicate a slight increase of alumina relative to 

silica from horizon A downward. The molecular equivalent composition shows, 

however, a progressive decrease in number of molecules of both alumina and iron 

oxide from C through B to A. The number of molecules per unit of weight in B 

is about 2 per cent less than in C and in A about 11 per cent less. The number of 

iron oxide molecules in B is about 15 per cent less than in C and in A is about 25 

per cent less. No accumulation of molecules of iron oxide in proportion of total 

weight has taken place in B, although the sf ratio is higher for B than for C. 

The ba ratios for A, B, and C are very close together, there being an accumu¬ 

lation of alkalies and lime in the A horizon and some loss in B. The molecular 

equivalent composition shows an increase by about 1.6 per cent in number of mole¬ 

cules in C, per unit of weight, over those in B, and 1 per cent less in A than in C. 

According to these results, Carrington silt loam has a very slightly decreased content 

of bases per unit of weight in B than in C. 

The chemical composition of material from the surface soil and subsoil of Car¬ 

rington loam from Black Hawk County, Iowa, is shown in Table 133 (15). The 

table includes the composition of colloid extracted from each layer. The composition 

of the colloid, with minor exceptions in CaO and Na20, is essentially the same in both 

layers examined. The sa ratio in the colloid is 3.3, that of the soil in the surface layer 

is 14.7, and in the subsoil is 15.9. 

Table 133.—Chemical composition of soil and colloid f rom Carrington loam, Black Ilawk County, Iowa l 

Horizon Depth Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO k2o Na20 P2O5 SOs 
Loss 

on ig¬ 
nition 

Total N 

CO2 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P.ct. P.ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P.ct. 
(“77. 28 0. 53 2.89 8. 93 0.056 0.84 0. 56 1.35 1. 15 0.14 0.10 6. 52 100. 34 0.27 _ 

0-12 
1 382. 66 . 57 3. 09 9.56 .060 .90 .60 1.44 1.20 .15 . 11 100. 34 

A_ 20. 15 ,6i 
(<<56 20 59 9. 70 28 27 .071 1. 86 1. 80 1. 70 . 27 . 35 . 24 101. 05 

“82. 22 .40 2. 54 8. 78 .016 .80 .55 1.51 1.25 .06 .04 2. 27 100.43 .05 
1 ''84 09 . 41 2 60 8 98 . 016 . 82 . 56 1. 54 1. 28 . 06 . 04 100. 39 

B_ 15-36 
| “48. 04 .65 8. 80 25. 19 .032 1.29 1.53 .89 .38 .14 .08 13. 75 100.77 .20 
+55. 70 .75 10. 20 29. 20 .036 1.49 1.77 1.03 .44 .16 .09 — 100. 86 — — 

1 Analyzed by W. 0. Robinson and R. S. Holmes. 

The chemical and mechanical composition of material from a profile of Shelby 

loam from Fremont County, Iowa, are shown in Table 134. 

Table 134.—Composition of Shelby loam, Fremont County, Iowa 1 

Chemical2 

Sample 
No. 

336308--. 

336309--- 

336310..- 

336311—. 

Hori- 
zon 

Ai 

A2 

B 

C 

Depth 

Inches 

0- 6 

6-15 

16-48 

48+ 

SiC>2 Ti02 Fe203 AI2O3 MnO CaO MgO k2o Na20 P2O5 so3 
Igni- 
tion 
loss 

Total N 

P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. 
“76. 31 0. 54 3. 17 9. 25 0. 06 1.02 0. 51 1.71 2.12 0.17 0.08 5.77 100. 71 0. 160 
680. 98 .57 3. 36 9. 81 .06 1.08 .54 1. 81 2. 25 .18 .08 100. 72 
“76. 27 .54 3.91 10.18 .06 1.04 .55 1. 64 1.98 .13 .08 4. 61 100. 99 . 100 
679. 94 .57 4. 10 10. 66 .06 1.09 .58 1. 72 2.08 .14 .08 101. 02 
“74. 70 .60 4.08 11.98 .10 1.02 .69 1.73 1.99 .13 .06 4. 27 101. 35 .070 
b7S. 03 .63 4. 26 12. 51 . 10 1.07 .72 1.81 2. 08 . 14 .06 101. 38 

f“66. 42 .53 4.33 11.69 .08 6. 55 .74 1. 68 1.98 .20 .06 7. 26 101. 52 .010 
+71. 62 .57 4. 67 12.60 .09 7. 06 .80 1.81 2. 13 .22 .06 — 101.55 — 

C02 
from 
car¬ 
bon¬ 
ates 

P. ct. 

2.87 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
336308_ A, 0- 6 2.2 6.3 5.0 15.7 14. 2 39.3 17. 2 99.9 
336309_ A2 6-15 2.4 8.8 6.6 20.1 13.8 29.4 19.1 100.2 
336310_ E 16-48 1.6 4. 1 3.3 17.4 18.3 36.3 19.4 100.4 
336311_ C 48+ 2. 2 5.6 4.0 13.5 13.4 31.5 30. 2 100.4 

1 Collected by C. L. Orrben. 
2 Analyzed by G. J. Hough. 
3 Analyzed by V. Jacquot. 

Shelby loam is essentially like the Carrington soils in the solum. The profile 

shows the composition of the unleached or only partly leached parent material which 

in this locality lies below a depth of 4 feet. The Butler County, Nebraska, sample of 

Carrington silt loam does not show the composition of the unleached parent material. 

The surface layer in the Fremont County sample of Shelby loam, extending to a 

depth of 6 inches only, seems to have been somewhat more degraded or leached than 

the corresponding layer of Carrington silt loam in Butler County, Nebraska. 

The percentage of clay in the surface layer to a depth of 6 inches is 17, but from 6 

to 48 inches it stands at 19. Below that it is much higher. The deepest layer is below 

of the Carrington. The percentage of sand coarser than fine sand is very low 

in the Shelby soils, but the percentage of sand of all classes is much higher than in 

Carrington silt loam. 

In this profile the percentage of alumina increases from the surface downward, 

the maximum being in the layer deeper than 48 inches. The iron oxide percentage 

also increases progressively from the surface downward, the difference between layers 

1 and 2 being greater than that between 2 and 3. 

The percentages of alkalies and alkaline earths are a little higher than in Carring¬ 

ton silt loam, especially CaO and Na20. The percentage of nitrogen is practically 

the same as in the Carrington soils, the second layer showing a higher percentage than 

the corresponding layer in the Carrington, because the top of this layer in the Shelby 

soils lies still within the dark-colored layer. 

The several ratios and the molecular equivalent composition for Si02, Fe203, and 

A1203 and the sum of the molecular equivalents of the alkaline earths and CaO are 

shown in Table 135. 

Table 135.—Shelby loam, Fremont County, Iowa 

Sample No. 
Hori¬ 
zon 

Depth in 
inches 

Ratios Molecular equivalent composition 

sa sf ba Si02 Fe203 AI2O3 

Alkalies 
and al¬ 
kaline 
earths 

336308._ _ Ai 0- 6 14.03 63. 83 0. 778 13. 490 0. 0210 0. 0963 0. 0753 
336309.__ A2 6-15 12. 74 51. 67 .679 1.332 .0256 . 1043 .0713 
336310.__ B 16-48 10. 63 48. 53 .586 1.300 .0266 . 1215 .0723 
336311.__ C 48+ 9. 65 40. 57 1.455 1.192 .0292 . 1233 .1796 

The sa and sf ratios increase from horizon C upward. Silica, as shown by the 

complete analysis as well as by the ratios, increases upward, and the sesquioxides 

increase downward, the high CaO content in horizon C not being sufficient to reduce 

it in that layer below that in the higher layers. No accumulation of iron oxide has 

taken place in A2 or B, the number of molecules per unit of weight decreasing pro¬ 

gressively from C upward, the maximum decrease taking place between A2 and Ax. 

The alumina decreases from C upward, the maximum decrease taking place from 

A2 to Ai. It is apparent that some alumina has been shifted from A2 to B, but the 

iron oxide removed has gone out of the soil entirely. 

A well-marked increase of bases has taken place in Ax, a similar increase having 

taken place in Carrington silt loam also. The lower percentage of bases in A2 and 

B is due to the high CaO in C, the parent material, and the concentrated bases in A 

are due to the action of vegetation. There being no significant accumulation of 

alumina in B, there could be no compensating increase of bases in B even if the 

colloidal alumina in that horizon were more absorptively active than the colloidal 

alumina in the Red and Yellow soils. It is apparent that the lower number of 

molecules of the bases in layer B of these uneluviated or very slightly eluviated 

soils, does not have the same significance as the still lower number, relative to those 

in A and C, in the B horizons of the highly eluviated Red and Yellow soils. There 

is no carbonate in the C horizon of these latter soils, and the percentage of organic 

matter in A, taking the horizon as a whole, is so low that the accumulation of bases 

due to this is very small, though definite, as has already been seen. Were the highly 

accumulated colloidal material in the B horizon strongly absorptive for bases or the 

leaching power of the climate less effective, the percentage of bases in B should easily 

attain an amount higher than that in A or C. 

COMPOSITION OF MARSHALL AND TAMA SOILS 

The Marshall soils have developed from silty parent materials, presume my 

wind blown. They occur mainly along Missouri River in Iowa, Nebraska, Kansas, 

and Missouri. The parent material is calcareous but is often leached of its car¬ 

bonates to considerable depth. 

The chemical and mechanical composition of material from a profile of Marshall 

silt loam in Fremont County, Iowa, are shown in Table 136. 

Table 136.—Composition of Marshall silt loam, Fremont County, Iowa 1 

Chemical2 

Sample 
No. 

33630+-- 

336302-_ _ 

336303- - - 

336304-_ _ 

Hori¬ 
zon 

A 

B 

Ci 

C2 

Depth 

Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P205 SOs 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

Inches 

0-10 

P. ct. 
(“72. 63 

P. ct. 
0. 63 

P. ct. 
3.14 

P. ct. 
12.03 

P. ct. 
0.10 

P. ct. 
0. 79 

P. ct. 
0.82 

P. ct. 
2. 23 

P. ct. 
1.36 

Pet. 
0.12 

P. ct. 
0. 12 

P. ct. 
6. 01 

P. ct. 
99.98 

P. ct 
0. 167 

P. ct. 

+77. 30 .67 3. 34 12. 79 . 11 .84 .87 2.37 1.45 . 13 .13 100. 08 

10-30 
J“72. 79 .66 3.96 12. 77 .118 .70 1. 04 2. 08 1. 32 . 10 .08 4. 46 100. 08 .086 
+76. 20 .69 4. 14 13. 36 . 124 .73 1.09 2. 18 1. 38 . 10 .08 100. 07 

30-60 
(“73. 68 
+76.17 

.70 3. 67 12. 93 .086 .90 1.13 1. 94 1. 26 . 14 .03 3. 27 99. 74 .037 

.72 3.79 13. 36 .089 .93 1.17 2.00 1. 30 . 14 .03 99. 70 

60+ 
(“73. 56 .61 3. 22 12. 33 .94 1. 73 1. 43 2.43 1. 60 .16 .02 2. 94 100. 12 .015 
+ 75. 79 .63 3. 32 12. 71 .97 1. 78 1. 47 2. 50 1. 65 . 16 .02 100.13 

Mechanical3 

Sample No. 
Hori¬ 
zon 

Depth 
Fine 

gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay 
(diameter 

0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

336301_ A 
Inches 

0-10 
Per cent 

0.0 
Per cent 

0.0 
Per cent 

0.0 
Per cent 

0.1 
Per cent 

3.1 
Per cent 

68.6 
67.6 
67.4 
73.8 

Per cent 
28.1 
29. 5 
29.0 
23.1 

Per cent 
99.9 

100.0 
99.9 

100.0 

336302_ B 10-30 .0 . 0 . 1 .2 2. 6 
336303_ Ci 30-60 .0 . 1 . 0 . 1 3. 3 
336304 _ C2 60+ .0 . 1 . 1 . 1 2.8 

1 Collected by C. L. Orrben. 
2 Analyzed by G. Edgington. 
3 Analyzed by L. T. Alexander. 

The profile was sampled to a depth of more than 60 inches. The mechanical 

analysis table, based on an analysis of material after removing organic matter by 

treatment with hydrogen peroxide, shows a profile very uniform to a depth of 5 feet. 

The percentages of silt have a maximum difference of 1 per cent, those of clay of 

1.4 per cent. In the loose silty parent material below a depth of 60 inches the per¬ 

centage of silt is 6 per cent higher than in the other horizons and that of clay is 
correspondingly lower. 

the solum. It was stated in the general description of the Carrington and Shelby 

soils (p. 63) that the parent material of the Shelby soils is usually heavier than that 
The percentages of Si02, Fe203, and A1203 in the upper three layers (the solum) 

are very uniform throughout, but their differences are greater than those of the 
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mechanical profile. The range in percentages of alumina is 2.7, of iron oxide nine- 

tenths of 1 per cent, and of Si02 is 2.95. The percentage of sesquioxides in the 

surface layer shows that slight removal has taken place, but there is no indication 

that any of the removed alumina has accumulated in horizons B or Ci. The molec¬ 

ular equivalent value for iron oxide in B and Ci indicates that some iron oxide 

has accumulated in those two layers. The content of nitrogen is the same as in 

the Carrington and Shelby soils. 
The several ratios and the molecular equivalent composition for Si02, Fe203, 

A1203, and of the combined alkalies and alkaline earths are shown in Table 137. 

Table 137.—Marshall silt loam, Fremont County, Iowa 

Sample No. 
Hori¬ 
zon 

Depth in 
inches 

Ratios Molecular equivalent composition 

sa sf ba Si02 Fe203 AI2O3 

Alkalies 
and 

alkaline 
earths 

336301 _ - - - A 
B 
Ci 
c2 

0-10 
10-30 
30-60 
60+ 

10.280 
9.700 
9.690 

10.137 

61.33 
48. 75 
52.8 
60.26 

0.507 
.446 
.448 
.603 

1.288 
1.270 

0.0209 
.0259 

0.1254 
.1310 

0. 0620 
.0581 

336302 ___- 
336303 _ _ 

1.263 .0201 .1246 .0848 
336304 _ 

Horizon C2 is essentially identical with horizon Ci in chemical composition, 

though they differ in mechanical composition. The sf ratios show a progressive 

decline in iron oxide from the parent material upward through B but an increase in A. 

The molecular equivalent composition shows, however, that the number of molecules 

of iron oxide per unit of weight in B is well above the number in C2 or A. The number 

in A is essentially the same as that in C2. The number of molecules of alumina is very 

slightly greater in B also, whereas those in A and C2 are practically the same, bince 

the mechanical analysis shows a lower percentage of clay and an even lower percentage 

of silt and clay combined in the C2 horizon than in A, the reason for the larger number 

of molecules of alumina, per unit of weight, in B than in A is not clear. The number 

of molecules of alkalies and lime in the three horizons is of the same order as in the 

Shelby and Carrington soils, but the range is different. 
Colloid was extracted from material of the B horizon of Marshall silt loam from 

Nebraska but not from the identical locality of the foregoing sample. The chemical 

composition of the colloid, together with that of the whole soil, are shown in Table 138. 

Table 138 —Chemical composition of Marshall silt loam, Mynard, Cass County, Nebr.12 

The mechanical composition, determined on the basis of the mineral material after 

organic matter had been removed, shows slight eluviation and a faint development, 

therefore, of A and B horizons. The percentages of clay in the A3 and B horizons 

differ by 5.7 per cent, that in A3 being a little lower than that in C2. The percentages 

of silt range between 56 and 62 per cent and of clay and silt combined between 98.3 

and 98.8 per cent. 
The percentage of alumina in what may be called B is a little more than 15 and 

that in A2 is 12.53. That in Ci is 14.48. The differences are very slight. The per¬ 

centages of iron oxide range from 4.17 in A2 to 5.36 in B. The percentages of alkalies 

and alkaline earths are high, as is usual in the prairie soils, but no carbonates are 

present at a depth of less than about 10 feet. 
The percentage of nitrogen is higher than in the previously examined prairie soils, 

that in B being higher than in the surface layers of the Marshall and Carrington soils. 

Where the Marshall soils lie on smooth areas the content of nitrogen is about the 

same as that in the Tama soils. 
The several ratios and the molecular equivalent composition for Si02, Fe203, A1203, 

and of the combined alkalies and alkaline earths are shown in Table 140. The slight 

eluviation indicated in the complete analysis is shown in the sa and sf ratios. 

Table 140.— Tama silt loam, Newton, Iowa 

Ratios Molecular equivalent composition 

Sample No. 
Hori¬ 
zon 

Depth in 
inches 

sa sf ba Si02 Fe2C>3 AI2O3 

Alkalies 
and al¬ 
kaline 
earths 

34777 _ A2 6-12 10.48 49.10 0.482 1.28 0. 0261 0.122 
. 129 
.147 
. 142 

0.0592 
.0545 
.0542 
.0555 

34778 _ As 14-24 9. 87 47. 86 .421 1.27 . 0265 

34779 _ B 24-50 8.31 36.40 .367 1. 22 . 0335 

34781 __ _ _ - - -- C2 90+ 8.69 37. 42 .390 1. 23 . 0328 

The sa ratios as well as the molecular equivalent composition show higher silica 

content in A2 than in C2, the former showing a difference of 20 per cent, the molecular 

equivalent composition indicating only about 0.4 per cent. 

The molecular equivalent composition indicates a very slightly higher content of 

both alumina and iron oxide in B than in C but considerably greater differences be¬ 

tween A2 and B in these respects, these differences being more than ten times as large 

as the former. As usual, eluviation seems to have removed more material from the 

A horizon than has been gained by B. 
The relative number of molecules of bases is about 10 per cent higher in A2 than 

Horizon 

C02 
Igni- from 

Depth Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO k2o Na20 P205 SOs tion Total N car¬ 
bon- 
ates 

P. ct. P. Ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. 

(a72. 06 0. 67 3. 66 11.18 0.05 0.90 0. 66 2. 66 1.02 0.21 0.12 6. 94 100.13 
0-14 \ *>77. 43 .72 3.93 12. 03 .05 .96 .71 2. 86 1.09 .23 .13 _ 100.12 — — 

(<*70. 22 .71 4.76 12.91 .10 1.03 1.12 2. 29 1.14 .30 .06 5. 42 100. 06 

J *>74. 26 .75 5. 00 13. 65 .10 1.09 1.18 2. 41 1.20 .32 .06 — 99. 98 — — 

14-36 I M8.18 .50 10.03 22.00 . 11 1.36 2. 07 .15 .21 .06 .03 13. 28 97. 98 

p55. 57 .53 11.57 25. 37 .13 1.57 2. 39 .17 .24 .07 .03 97. 64 

1 Collected by A. II. Meyer. 
2 Analyzed by W. O. Robinson and R. S. Holmes. 

in B and a little higher in C2 than in B. The higher percentage in A2 than in B is 

due to the action of vegetation in increasing the content of organic matter in A2 and 

along with it that of the bases. 
Very little is known in detail concerning the composition of the Summit soils, con¬ 

stituting in general, as shown on the soil map in this Atlas, the Prairie soils with 

approximately normal profiles in eastern Kansas and western Missouri, south of the 

glacial boundary. It was explained, under the general profile description of these 

soils, that, as shown on the map, a rather wide range of soil character has been in¬ 

cluded in them. On account of the very limited amount of detailed soil mapping 

that has been done in eastern Kansas, the differentiation of the soils of the region has 

not been well worked out. 

The mechanical composition of the sample has not been determined, and no 

material from below the solum was collected. The chemical composition of the whole 

The chemical and mechanical composition of a profile of Summit clay from W ell- 

ington, Kans., are shown in Table 141. 

soil shows a difference in content of alumina of 1.6 per cent between the surface soil 

and subsoil, and in iron oxide a little more than 1 per cent. This profile seems to 

show some eluviation. 
The percentages of alkalies and alkaline earths are essentially the same as in the 

previously examined profile. 
The percentages of sesquioxides in the colloid are, of course, much higher than in 

the soil. The percentage of magnesia is much higher in the colloid than in the soil, 

that of CaO a little higher, and that of potash and Na20 are much lower. The sa 

ratio is 3.72, more than twice that in the colloid from the B horizon of the Red soils. 

The same ratio in the colloid from the subsoil of Carrington loam (p. 66) is 3.24. 

The Tama soils, mainly silt loam, have developed from silts, presumably wind 

blown, but seemingly older than those from which the Marshall soils have developed. 

The Tama soils are usually regarded as more thoroughly leached and more acid than 

Table 141.—Composition of Summit clay, Wellington, Kans.1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe2Os AI2O3 MnO CaO MgO K20 Na20 P205 SOs 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

P. ct. P.ct. P.ct. P.ct. P. ct. P. ct. P.ct. P.ct. P.ct. P.ct. P.ct. P. ct. P.ct. P. ct. 

f«71. 60 0.81 3. 56 11.45 0. 06 0.97 0. 86 2. 42 1.04 0. 09 0.11 6.60 99. 57 0. 090 
29910 Ai 0-12 \ *>76. 68 .87 3. 81 12. 27 .06 1.04 .92 2. 59 1.11 .10 . 12 _ 99. 57 — — 

/«74. 28 .81 3. 46 10. 55 .06 .84 .76 2. 43 1.08 .07 .08 5. 35 99. 77 . 120 — 

29911 A2 12-23 \ *>78. 49 .86 3. 66 11.14 .06 .89 .80 2. 57 1.14 .07 .08 _ 99. 76 — — 

/ a70. 67 . 74 4. 35 13.12 .06 .85 .97 2. 32 .92 .07 .04 5. 37 99.48 .070 
29912 B 24-36 \ *>74. 68 .78 4. 61 13. 89 .06 .90 1.03 2. 46 .97 .07 .04 _ 99. 49 — — 

j a70. 93 .77 3.91 12. 30 .06 1.56 1.06 2. 43 1.07 .06 .04 5. 72 99. 91 . 050 0. 59 
29913 c 36-5U f‘75. 21 .82 4.15 13. 04 .06 1. 65 1.12 2. 58 1.13 .06 .04 ...... 99.91 

the Marshall soils. Mechanical3 

The chemical and mechanical composition of material from a profile of Tama 

silt loam from near Newton, Iowa, are shown in Table 139. The upper 6 inches of the 

A horizon was omitted, but the percentage of organic matter is high to a depth of 24 

inches. 
Table 139.—Composition of Tama silt loam, Newton, Iowa 1 

Sample 
No. 

Hori¬ 
zon 

Depth 

34777_ A2 

Inches 

6-12 

34778_ A3 14-24 

34779_ B 24-50 

34780_ Ci 50-70 

34781_ C2 90+ 

Sample No. 

34777. 
34778. 
34779. 
34780. 
34781. 

Chemical2 

Si02 

P.ct. 
/-70.80 
In?. 27 
r«70. 56 
\‘76.58 
f“69. 90 
I‘73. 61 
(a70. 21 
\‘74. 57 
J«71.10 
\‘74. 18 

Ti02 

P.ct. 
0. 69 
.75 
.67 
.73 
.72 
.76 
.69 
.73 
.65 
.68 

Fe203 

P. ct. 
3. 82 
4. 17 
3.91 
4. 24 
5. 09 
5. 36 
4. 78 
5.04 
5. 03 
5. 25 

AI2O3 MnO 

P.ct. 
0.13 
.14 
. 14 
. 15 
. 12 
.13 
. 13 
.14 
. 14 
. 15 

CaO 

P.ct. 
0. 98 
1.07 
.79 
.86 
.86 
.91 
.76 
.81 
.93 
.97 

MgO 

P.ct. 
0. 92 
1.00 
.88 
.95 

1. 33 
1. 40 
1. 14 
1. 21 
1. 36 
1.42 

K2O 

P.ct. 
2. 05 
2.24 
2. 01 
2.18 
2. 01 
2.12 
1.97 
2. 09 
2.00 
2.09 

Na20 

P.ct. 
0.93 
1.01 
.91 
.99 
.91 
.96 
.88 
.93 
.95 
.99 

P2O5 

P.ct. 
0.18 
.20 
.14 
.15 
.10 
.11 
. 10 
. 11 
.15 
. 16 

SOs 

P.ct. 
0.15 

.16 

. 15 

. 16 

.09 

.09 

.09 

.10 

.10 

. 10 

Igni¬ 
tion 
loss 

P. ct. 
8. 39 

7.90 

5." 07 

~5.~85 

Tie 

Total 

P.ct. 
100. 52 
100. 54 
100. 21 
100.18 
100. 50 
100. 51 
100. 23 
100. 21 
100. 47 
100. 49 

D.ct. 
.240 

."210 

.070 

.lib" 

.050 

C02 
from 
car¬ 
bon¬ 
ates 

P.ct. 

Hori¬ 
zon 

Depth 

Inches 
a2 6-12 
A3 14-24 
B 24-50 
C‘ 50-70 
C2 90+ 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 
mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very line 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

0.1 0.2 0.2 0.2 0.6 61.8 37.0 100.1 
1 .3 .2 .2 .7 60.0 38.4 99.9 

. 0 . 1 . 1 .3 1.0 55.8 42.7 100.0 
1 . 3 .2 .3 .8 57.4 41.0 100.1 

.0 . 1 . 1 .3 1.2 59.1 39.2 100.0 

1 Collected by C. F. Marbut. 
2 Analyzed by G. Edgington. 
3 Analyzed by L. T. Alexander. 

29910. 
29911. 
29912. 
29913. 

Sample No. 
Hori¬ 
zon 

Depth 

Inches 
Ai 
A2 
B 
C 

0-12 
12-23 
24-36 
36-50 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

0.0 0.4 0.3 2.7 4.3 57.5 34.4 99.6 

.0 .3 .3 4.1 15.2 49.9 29.5 99.3 

.0 .3 .2 .7 16.1 38.3 44.2 99.8 

.0 .4 . 5 .8 7.7 50.2 40.1 99.7 

1 Collected by C. F. Marbut. 
2 Analyzed by G. J. Hough. 
3 Analyzed by J. B. Spencer. 

Although this soil has not been definitely identified as a member of the Summit 

series, its composition is fairly representative, since it is a well-developed normal soil 

of the Summit region. A slight accumulation of alumina and clay in the layer be¬ 

tween 24 and 36 inches may indicate slight eluviation, but it is more probable thatit 

indicates the presence of a very low content of deflocculating salts in the parent 

material. 
The mechanical composition shows 34.4 per cent of clay in the surface layer and 

44 per cent in B. The percentage of very fine sand is higher than in the Marshall 

and Tama soils, but the percentage of sands of all classes is low, amounting to a maxi¬ 

mum of 20 per cent in A2. The total percentages of silt and clay range from 79 in A2 

to 92 in Ai. 
The percentages of clay and alumina are each higher in Ai than in A2. That 

of iron oxide is also higher. This is in part an expression, so far as mechanical 

analysis is concerned, of the finely divided colloidal organic matter. This would 

not, however, account for the higher percentages of alumina and iron oxide. These 

may possibly be due to accumulated dust, caught in the grass cover. Since Ai is 

12 inches thick the one thing certain is the absence of eluviation. The slightly higher 

percentage of alumina in A1; as already explained, may be due to the presence of 
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deflocculating salts in extremely small quantities. Whatever may be the explanation 

of its occurrence it is most probably the same as that of the heavy clay layer so 

widely prevalent in the subsoils of the prairies and Great Plains. 

The content of alkalies and alkaline earths is high, there being some carbonate 

below a depth of 40 inches. The content of organic matter is not high, but it remains 

relatively high to a depth of nearly 2 feet. This is a well-defined Piaiiie soil. 

The chemical and mechanical composition of material from a profile of Prairie soil 

at Belleville, Republic County, Kans., very near the western boundary of the prairies, 

are shown in table 142. 

Table 142.—Composition of Summit clay loam, Belleville, Kans.1 

Sample 
No. 

Hori¬ 
zon 

Depth 

29846 Ai 

Inches 

0-12 

29847 •A.2 12-20 

29848 B 20-40 

29849 C 40+ 

Chemical2 

Si02 

P.ct. 
“73. 35 
‘77. 68 

'“70. 95 
‘75. 33 
“66. 75 
‘70. 65 
“68.91 
‘72. 15 

Ti02 Fe203 

P.ct. 
2.86 
3.03 
3.35 
3.56 
4. 82 
5. 10 
3. 88 
4.06 

A1203 

P. ct. 
11.51 
12.17 
12. 43 
13.20 
14. 84 
15. 70 
13. 65 
14.30 

MnO CaO 

P.ct. 
1.16 
1.23 
1.23 
1. 31 
1.18 
1.25 
2.23 
2. 34 

MgO 

P. ct. 
0.78 
.83 
.93 
.99 

1.36 
1.44 
1. 36 
1. 42 

K20 

P. ct. 
2. 82 
2. 99 
2.68 
2. 85 
2. 91 
3.08 
2.79 
2. 92 

Na20 

P.ct. 
1.31 
1.39 
1.10 
1.17 
1.14 
1.21 
1.20 
1.26 

P205 SOs 

08 

08 

Igni¬ 
tion 
loss 

P. ct. 
5.57 

Total 

P.ct. 
100. 38 
100.41 
99. 51 
99. 48 
99. 52 
99. 51 
99.59 
99. 51 

N 

P.ct. 
0.140 

C02 
from 
car¬ 
bon¬ 
ates 

P. ct. 

0.41 

Sample No. 

29846. 
29847 
29848 
29849 

Hori¬ 
zon 

Depth 

Inches 
0-12 

12-20 
20-40 
40+ 

Meehanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

0.0 0.0 0.0 0.1 35.6 39.7 24.8 100.2 

o 0 0 0 38.7 30.7 30.6 100.0 

o 0 0 .2 30.9 17.2 51.4 99.7 

0 0 0 . 1 31.3 26.6 42.0 100.0 

1 Collected by C. F. Marbut. 
2 Analyzed by a. J. Hough. 
3 Analyzed by J. B. Spencer. 

This soil has not yet been given definite status as a series since no detailed work 

has been done in this county. It is a soil in which the clay subsoil, very faintly 

expressed in the soil at Wellington, Kans., is much more strongly expressed. The 

percentages of clay in the soil layers from the surface downward are 25, 30, 51, and 

42. The higher percentage in the third layer is well expressed. The rest of the 

material consists, in all the layers, of silt and very fine sand. 
The percentages of alumina and iron oxide run parallel, in the profile, with those 

of clay. The percentages of alkalies and alkaline earths are high throughout, there 

being a low percentage of carbonate below a depth of 40 inches. The percentage of 

organic matter (nitrogen) is relatively high and continues moderate or high to a 

depth of 20 inches. 
The third layer, containing the highest percentage of both alumina and iron 

oxide, does not have the appearance in the field of the B horizon of Podzolic soils. 

It is dark grayish and breaks into roughly cubical rather large blocks, on the out¬ 

crop, rather than into the very small angular structure particles in B horizons. 

The soil at Belleville should probably be interpreted as a soil without a normal 

profile. Soils with similar but much more extremely developed profiles cover large 

areas in the prairies. 
The Chariton soils occupy a relatively small area but the profile is essentially 

the same as that of the Putnam soils. They may be considered as Putnam equiva¬ 

lents developed on terraces. The chemical and mechanical composition of material 

from the solum of a Chariton profile are shown in Table 143. 

Table 143.—Composition of Chariton silt loam, East Trenton, Mo1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P2O5 SOs 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 

fa 76.65 0. 71 2.54 8. 47 0.12 0.72 0. 80 1.89 1.46 0.14 0.08 6. 42 100. 00 0.200 
343743-- Ai 0- 7 

\b81.88 .76 2.71 9.05 .13 .76 .85 2. 02 1.56 .15 .09 _ 99. 98 _ _ 

f«76. 25 .30 3. 68 10. 70 .22 .61 .62 1.99 1.39 .12 .13 3.99 100. 00 .160 _ 

343744,-. A2 7-18 \&79. 41 .31 3. 83 11.14 .23 .64 .65 2. 07 1.45 . 12 .14 _ 100. 01 _ _ 

f «68. 63 .61 5. 52 14. 60 .23 .91 1.33 .78 .50 .17 .09 6. 63 100.00 . no _ 

343745--. B 18-36 
\‘73.49 .65 5.91 15. 64 .25 .97 1.43 .83 .54 .18 . 10 — 99. 99 

Sample No. 

343743 
343744. 
343745. 

Hori¬ 
zon 

Depth 

Inches 
0- 7 
7-18 

18-36 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
consti t • 
uents 

Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

0.6 1.6 1.2 1.2 2.1 76.8 16.7 100.2 

1.0 2.0 1.2 1.0 2.4 73.8 18.9 100.3 

.3 1.4 .9 1.2 2.5 48.5 45.4 100.2 

1 Collected by A. T. Sweet. 
2 Analyzed in the division of soil chemistry, Bureau of Soils, June 19, 191/. 
3 Analyzed by J. W. Bomboy. 

The mechanical composition table shows a much higher percentage of clay in 

the third layer than in either of the others. It is almost three times as much as in 

the first layer. Silt constitutes practically all the rest of the material, the sands 

amounting to only about 6 per cent. 
The percentages of alumina and iron oxide run parallel with those of clay. 

Removal of material from the first two layers has presumably taken place, but since 

the composition of the parent material is not shown it is not possible to show this 

definitely. 
These soils are somewhat podzolic, but the third layer is not a normal B horizon 

of a normal Podzolic soil. 
The percentage of calcium is low, but the percentages of potash and Na20 are 

high. 

The Putnam soils occupy large areas in northeastern Missouri an pm s 

adjacent States. The profile is similar to that of the Chariton soils. ey occur 
in smooth, nearly flat upland areas. The chemical and mechanical composi mn o 

material from a Putnam profile from Boone County, Mo., are shown in a e 

Table 144.—Composition of Putnam silt loam, Columbia, Boone County, Mo. 

34748.. .. 

34749.. .. 

34750 _ 

34751 _ 

Hori- 
zon 

Depth 

Inches 

0-6 

6 -121+ 

12+-27+ 

27)4-36 

Chemical2 

Si02 

P. ct. 
f“78. 04 
\‘82. 87 
f“78. 28 
f‘81. 02 
f“70. 27 
\‘73.03 
J“72.11 
\‘74. 09 

Ti02 Fe20: 

P. ct. 
2. 56 
2.72 
3. 21 
3. 32 
4. 76 
4. 95 
4. 35 
4. 46 

AI2O3 MnO 

P. ct. 
8.81 
9.36 

10. 26 
10.62 
15.10 
15.68 
14. 32 
14. 71 

CaO 

P. ct. 
0. 64 

1.05 
1.08 

MgO K20 Na20 

P. ct. 
1.63 
1.73 
1.71 
1. 77 
1. 96 
2..03 
2.20 
2.26 

P. ct. 
1.02 
1.08 
1.06 
1.10 
1.14 
1.18 
1.26 
1.29 

P205 

Mechanical3 

Sample No. 
Hori¬ 
zon 

Depth 
Fine 

gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

34748 _ - Ai 
Inches 
0-6 

Per cent 
0.8 

Per cent 
1.3 

Per cent 
0.4 

Per cent 
0.3 

Per cent 
0.9 

Per cent 
71.0 

Per cent 
25.2 
26.7 
59.4 
39.8 

Per cent 
99.9 

100.1 
100.0 
100.2 

34749 _ __ A2 6 -12+ 1.1 1.9 .6 .4 .8 68. 6 

34750 _ B 12+-27+ .0 . 1 . 1 .2 .4 39. 8 
58.2 

34751_ C 27+-36 . 1 . 5 .4 . 5 . 7 

1 Collected by C. F. Marbut. 
2 Analyzed in the division of soil chemistry. Bureau of Soils, Mar. 22, 1918. 
3 Analyzed by H. W. Lakin. 

This profile was sampled below the heavy clay layer, but the material has been 

leached and well decomposed to great depths. The percentages of clay from the 

surface downward are 25, 27, 59, and 40. Those of silt are 71, 69, 40, and 58. These 

two classes of materials constitute the entire soil, with the exception of a very small 

percentage of sand. 
The percentages of alumina and iron oxide run parallel, remarkably so, with those 

of clay. 
This soil is acid, and shifting of material has taken place. Like the Chariton 

profile, however, the third layer is not a normal B horizon. It differs in tenacity, 

in its breakage into sub cubical blocks, and in its color. Each block is coated with 

dark-colored material to greater or less extent. 
The percentage of CaO is relatively low, but the percentages of potash and Na20 

are moderately high. 
Cherokee soils have profiles similar to those of the Putnam soils. They cover 

important areas in southwestern Missouri, southeastern Kansas, and northeastern 

Oklahoma. They have developed from material accumulated by the decomposition 

of shales of Paleozoic age. 
The chemical composition of a sample of Cherokee silt loam from Cherokee 

County, Ivans., and the mechanical composition of a sample of the same soil from 

Labette County are shown in Table 145. 

Table 145.—Composition of Cherokee silt loam, Kansas 1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe203 AI2O3 MnO CaO MgO K20 Na20 P2Os so3 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 

f “86. 96 0. 69 2.86 4.69 0. 07 0.71 0.43 0.91 1.07 0.07 0.08 2. 96 101. 50 0.113 
27890_ Ai 0- 6 {‘89. 61 .71 2. 95 4.83 .07 .73 .44 .94 1.10 .07 .08 _ 101. 53 _ _ 

1 “85.13 .74 3.49 5. 84 .09 .65 .49 1.00 1.16 .07 .07 2. 40 101. 13 .090 
27891_ A2 6-16 {‘87. 22 .77 3. 57 5.98 .09 .67 .50 1.02 1.19 .07 .07 101.15 

f«69. 30 .74 4. 65 15. 06 .02 .77 1.07 1.20 1.10 .10 .18 6.90 101.09 .134 
27892_ B 16-28 \‘74. 41 .79 4. 99 16.17 .02 .83 1.15 1.29 1.18 .10 .19 101. 12 

r«67.82 .72 4. 86 16. 74 .02 .80 1. 14 1. 11 1.04 . 11 .23 5.19 99. 78 .089 
27893_ C 28-40 

\‘71. 53 .76 5.12 17.65 .02 .84 1. 20 1.17 1.10 . 12 .24 — 99. 75 — — 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

381807 __ - -- A 0-18 0.2 0.8 0.5 0.8 3.6 72. 5 21. 7 100.1 

381808 _ B 18-26 .0 .1 . 1 .5 1.8 44.2 53.2 99.9 

381809_ C 26-64 .0 .1 .2 .6 2.7 49.4 47.0 100.0 

1 Chemical analyses of a sample from Cherokee County; mechanical analyses of a sample from Labette County. 
2 Collected by E. W. Knobel, analyzed by E. C. Hall. 
3 Analyzed by H. W. Lakin. 

The percentages of clay are 22, 53, and 47. Those of silt are 72,44, and 49. 

The chemical analysis was made of material from a different but nearby locality 

and was taken in four layers instead of in three. The sample from which the me¬ 

chanical analysis was made is a carefully collected sample and shows the features of 

the horizons clearly. The chemical analysis distinguishes the upper, lighter textured, 

part of the soil from the lower heavier part, but the second and third layers are less 

clearly separated as regards texture than in the other sample. 

The difference in alumina content between the second and third layers is very 

great. That of iron oxide is important but not so great. 

The percentages of alkalies and alkaline earths are lower than in the Putnam 

soil. 
Houston black clay is an undeveloped Prairie soil. It is a typical Rendzina, a 

young soil developed and developing from calcareous marls. 

The chemical and mechanical composition of a sample from a profile of Houston 

black clay at Reinhardt, Tex., are shown in Table 146. The mechanical analysis 

table shows this to be a very heavy soil, more than 80 per cent of the total mass con¬ 

sisting of silt and clay. 
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Table 146.- Composition of Houston black clay, Reinhardt, Tex.1 

Sample 
No. 

Hori¬ 
zon Depth 

Chemica 

S1O2 TIO2 Fe203 AI2O3 MnO CaO MgO K20 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 
445405 __ 1 0- 6 ; “55. 20 0. 64 3. 90 10. 45 0.20 11.31 1. 44 1. 44 

1 *>65. 02 .75 4. 59 12.31 .24 13. 32 1.70 I. 70 
445406. _ 2 6-14 /“48. 92 .52 4. 07 10. 78 . 16 14. 62 1. 50 1.38 

1659. 60 .63 4. 96 13. 13 .19 17. 81 1.83 1. 68 
445407. 3 14-26 / “30. 19 .43 3. 17 7.80 . 11 29. 34 1. 19 .94 

\ *>41. 21 .59 4. 33 10. 64 . 15 40. 06 1.63 1. 29 
445408__ _ 4 26-40 / “14. 20 .23 2. 13 4. 77 .04 42. 27 .82 .55 

1*21. 91 . 35 3. 27 7. 34 .06 64. 98 1.26 .85 

Sample No. 

445405. 
445406. 
445407. 
445408. 

Hori¬ 
zon Depth 

Inches 
0- 6 
6-14 

14-26 
26-40 

Na20 P2O5 SO3 
Igni¬ 
tion 
loss 

Total N 

co2 

from 
car¬ 
bon¬ 
ates 

P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 
0. 19 0.15 0. 09 15.12 100.13 0.170 6. 90 

. 22 .18 . 11 100. 14 

.21 . 17 . 15 17. 96 100. 44 .180 10.10 

.26 .21 . 18 100. 47 

. 14 .17 . 13 26. 90 100. 51 . 100 21.20 

. 19 .23 .18 100. 50 

.30 .09 .10 35. 20 100. 70 .050 31. 30 

.48 . 14 .15 100. 77 — 

Mechanical3 

Fine 
gravel 
(diam¬ 
eter 2-1 

mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 
mm) 

Fine sand 
(diam¬ 

eter 0.25- 
0.1 mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
0.0 0.8 0.6 5.5 12.8 37.6 42.5 99.8 

. 4 1.3 .8 7.2 11.6 40.9 37.7 99.9 
1. 4 1.5 .6 4.2 10.4 49.4 32.6 100.1 

. 7 .6 .2 3.0 10.9 51.9 32.6 99.9 

1 Collected by W. T. Carter and H. H. Bennett. 
2 Analyzed by G. J. Hough. 
3 Analyzed by V. Jacquot and J. B. Spencer. 

The content of sesquioxides is not high and that of silica is low but not low enough 

to demand special attention, considering the high percentage of clay present. The 

content of organic matter expressed in the table as nitrogen is only about 4% per cent, 

but it extends, without decrease, to a depth of 14 inches and is relatively high to a 

depth of a little more than 2 feet. 

The content of lime carbonate is the most striking feature of the soil. In the sur¬ 

face horizon, C02 from carbonates amounts to 7 per cent and in the parent marl, 

below 26 inches, the percentage of carbonate is nearly 80. The content of magnesia 

is low and that of potash relatively so. 

This soil lies in a region with a rainfall which ranges from 30 to 35 inches, but pod- 

zolization has not begun. It is a grassland region, the lack of forests being probably 

determined in part at least, by the high content of carbonate in the soil, which renders 

it toxic to most trees. 

DEVELOPMENT OF THE PODZOLIC SOILS 

Tables 147, 148, 149, and 150, showing sa, sf, fa, and ba ratios and the pH have 

been compiled by bringing together in three tables all the ratios for each of the main 

Podzolic groups—Podzols, Gray-Brown Podzolic soils, and Red and Yellow soils— 

described in preceding pages, in order to simplify their comparison. In addition to 

the ratios used in preceding tables, a fourth ratio, that of iron oxide to alumina (fa), 

is shown. Ratios for the prairie soils are shown in table 150. 

Silicon, aluminum, and iron are not only the constituents of 75 to 95 or more per 

cent of the soil mass but, together with the bases present, the changes in amount of 

these constituents and their shifting from one place in the soil profile to another, 

constitute the most important mass changes that take place in the inorganic material 

of the soil during its development. A measure of these losses, gains, and sh if tings 

constitutes a measure of the results of soil-developing processes. These stuffings and 

changes are best expressed by the several ratios shown in the tables. 

These ratios have been obtained by computation from the results of complete 

analyses of the whole soil. They include not merely the ratios of these constituents 

in the fully decomposed rock materials of the soils, but of all the materials present 

including, in many cases, several kinds of undecomposed minerals and in practically 

all cases a considerable percentage of quartz. The ratios for the separate horizons can 

not, therefore, be accepted as a measure, in any sense, of the state of decomposition of 

the material, except in the few cases where they express the ratios in colloid material. 

Although the foregoing is true, these ratios express the relationships of the several 

horizons, or layers, one to the other, as well or approximately as well as would ratios 

computed from colloid materials. This is shown by comparing the ratios of the colloid 

materials with those of the whole soil from which the colloid was derived. 

In the table of ratios for the Podzols, those for the Bec-ket fine sandy loam 

show a loss of both alumina and iron oxide from horizon A compared with the silica 

in both whole soil and colloid. The percentages of accumulation in soil and colloid 

are not the same, especially those of alumina, that in the whole soil being consid¬ 

erably higher than in the colloid, probably indicating some mechanical shifting of 

undecomposed feldspatliic particles larger than colloid particles. On the other hand, 

the apparent accumulation of iron oxide in the B horizons of soil and colloid, above 

the amounts in the C horizons, compared with silica, is five times as high in the colloid 

as in the whole soil, probably an expression of the more thorough decomposition of 

the iron-bearing minerals than of the feldspathic minerals. This relationship of 

iron-oxide accumulation, compared with that of alumina, is clearly brought out in 

the ratios of these two constituents (fa) in Table 147, in which it is shown that the 

iron-oxide accumulation in the B horizon of the colloid, compared with alumina, is 

about ten times greater than in the same horizon of the whole soil. It is apparent, 

therefore, that the ratios in both whole soils and their colloids point in the same 

direction, but those of the colloid point more strongly than those of the whole soil. 

The text accompanying the soil map of the United States in this number of the 

Atlas of American Agriculture is primarily descriptive rather than interpreta- 

tional. Since, however, the content of chemical data is very large and constitutes 

probably the largest body of such data ever brought together in one publication, 

representing a correspondingly wide range of soils, prepared from samples carefully 

collected by horizons from localities selected with equal care, it would be wholly 

unjustifiable not to call attention to certain conclusions clearly suggested by the data. 

Within the limits imposed by the nature of the data (whole soils rather than colloid), 

the opportunity presented by them for drawing conclusions regarding the changes in 

composition brought about by the operation of the Podzolic process is great because 

a greater quantity of data is now available than has previously been presented. 

The general features of Podzols and Podzolic soils have been described many 

times. Glinka 22 describes a number of profiles which he regards as characteristic 

and gives also a long list of references to the literature. He states that the gray 

color of the surface soil is characteristic, basing this statement on the character of 

the surface soil to which the Russian peasants applied the name Podzol originally. 

Literally the term Podzol means ashy soil. The typical gray soils of northern Europe 

have an equally characteristic layer beneath the gray layer consisting of brown 

material, heavier in texture than the overlying gray layer. This layer must be con¬ 

sidered characteristic of at least the true Podzols. This brown material consists 

primarily of organic matter but contains other constituents, especially alumina 
and iron oxide. 

In 1924, Frosterus published a paper on the soils of Finland (6), in which he 

differentiated them into Eisen-Podzols and Humus-Podzols. In both kinds of soils 

the surface horizons are gray, but in the former group the layer of accumulation, or 

B horizon, contains a high percentage of iron oxide, compared with that in the gray 

surface layer, or A horizon, whereas in the latter soils the material in the B horizon 

consists mainly of organic matter and alumina. In the discussion of Podzols and 

1 odzolic soils by Stremme and Aarnio, both kinds of Podzols are represented, but 
the Iron-Podzols seem to dominate. 

In the course of time the Podzols and Podzolic soils have gradually developed 

into soils definitely differentiated by the processes by which they were developed into 

2-horizon soils, leaving the underlying parent material out of consideration, consisting 

of a light-colored surface soil, or A horizon, which is also relatively light in texture 

when compared with the underlying, or B, horizon and a deeper colored, brownish, 

yellowish, or reddish B horizon, heavier in texture than the A horizon. The A 

horizon has been further defined as the horizon of eluviation, or the horizon from 

which material has been removed, and the B horizon as a horizon of illuviation, or 

one to which material has been added. The latter has been generally described as 

a hoiizon of accumulation, the material removed from the A horizon having been 

accumulated in B. This material consists either of alumina, iron oxide, or organic 

matter, occurring singly, two together, or all three together. 

It seems to have been generally agreed that true Podzols should be defined as 

soils in which the A horizon is definitely gray and organic matter has been accumu¬ 

lated in the B horizon. It is universally agreed also that Podzols and Podzolic 

soils are developed only under the influence of a humid climate and occur most 

abundantly in forest-covered regions, but are not confined to them. The A horizon, 

especially the grayest part, or the A2 subhorizon, reacts acid. This is usually 

true also for the whole profile, regardless of the character of the material from which 
the soil has developed. 

Up to within the last few years, the characteristics of the Podzols and Podzolic 

soils have been discovered through studies carried on in the field, with very little 

assistance from the laboratory. During the second decade of this century, Gedroiz 

began effective work in the study, by chemical means, of the characteristics of the 

great soil types, and during the last 10 years highly important work has been done 

in the United States by a number of pedological chemists working on colloid material 

from soils. This work will be briefly referred to in another place. 

Table 147 shows, like the chemical composition tables, that in both the Becket 

fine sandy loam and in the colloid from it, both alumina and iron oxide, in propor¬ 

tion to silica, have been lost during progress of soil development from the A2 horizon. 

Assuming no shift of silica from one horizon to another and no greater total loss 

of this constituent from one horizon than from another, the number of molecules 

of alumina per molecule of silica is about 50 per cent less in horizon A than in horizon 

C. The number of molecules of iron oxide on the other hand in horizon A2 per 

molecule of silica is only about half of that in horizon C. The proportional loss of 

iron oxide from A2 has been much greater than that of alumina. 

In horizon Bx the ratios of both alumina and iron oxide are smaller than in 

either A2 or C, showing a higher percentage of both constituents than in the original 

material and, therefore, an accumulation, on the basis of the same assumptions 

regarding silica as in the previous case, of both constituents, but the proportional 

gain in B has been much less than the loss in A. In alumina the gain has been less 

than 10 per cent and in iron oxide about 30 per cent. 

In the colloid, the loss of alumina in A2 is almost exactly the same as in the 
whole soil, but of iron oxide it is much greater. 

The gain of alumina in Bx is slightly higher than in the whole soil. The iron 

oxide proportion to silica, has been doubled. The ba ratios are in every case higher 
in A2 than in B,. 

Table 147.—Molecular ratios and pH values of selected Podzols1 

Soil type and sample No. Hori¬ 
zon 

Becket fine sandy loam: 
35888 _ 
35889 _ 
35891_ 

Becket fine sandy loam (colloid): 
35888 _ 
35889 _ 
35891_ 

Ontonagon silt loam: 
301606_ 
301607_ 
301608_ 

Hibbing loam: 
28814_ 
2s> 15 ^_ 
28817 Ja_ 

Dekalb stony loam: 
28763 ___ 
28764 _ 
28766_ 

Caribou loam: 

Location 

A2 
Bi 
C 

A2 
Bi 
C 

A 2 
B 

►° 

A2 
B 
C2 
A2 
Bi 
C 

A2 

B 
C2 

|Washington, Mass_ 

_do_ 

Union Bay, Mich_ 

Hibbing, Minn_ 

Lycoming County, Pa 

Aroostook County, Me_ 

Ratios 

sa sf fa ba 

i 20.5 131.2 0.16 0.722 
1 12.3 46.3 .26 .585 
l 13.2 65.5 .20 .523 

( 3.8 18.3 .17 . 190 
1.9 1.6 1.19 . 140 

l 2.1 3.2 .27 .190 

f 18.6 119. 6 .15 
\ 12.3 58.5 .22 
l 9.0 39.7 .22 — 

( 13.9 113.2 .12 .933 
{ 10.7 55.8 .19 .794 
I 6.9 25.0 .27 .572 

1 16.7 87.5 .19 
I 8.0 28.5 .27 
l 5.7 26.0 .21 

[ 14.0 187.6 .07 .394 
I 8.5 32.9 .25 .315 
l 7.8 30.7 .25 .358 

pH 

3.70 
3.90 
4.50 

4. 32 
4.59 
5.30 

4.17 
4. 47 
4. 35 

4. 29 
4. 50 
4.72 

1 pH determinations by E. H. Bailey, Bureau of Chemistry and Soils. 

In every case these ratios show that these soils conform in the relation of the 

A and the B horizons to the general conception of the Podzols. 

The general conception has, however, at least by implication if not explicitly, 

set forth that alumina and iron oxide or alumina or iron oxide, have been accumu¬ 

lated in B in all Podzols. Accumulation of one or both of these constituents in this 
Glinka, K. D. the great soil groups of the world and their development. 235 p. Ann Arbor, Mich. 1927. [Mimeographed.] 
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horizon would reduce the silica-alumina ratio of one or both of these constituents 
in the B horizon to a value lower than the corresponding ratio in horizon C. 

In none of the soils, other than the Becket, is this ratio in B smaller than in 
C but is, in every case, larger, showing not merely that no accumulation of alumina 
has taken place in horizon B but that an actual loss has been suffered. 

The fa ratios do not indicate a uniform relationship of iron oxide to alumina 
among these soils. In Becket fine sandy loam and its colloid, iron oxide has accumu¬ 
lated more than has alumina, a fact shown by the other ratios. In Hibbing loam, 
iron oxide has accumulated more than alumina, assuming that the parent materials 
were originally uniform, in DeKalb stony loam, less, and in the other two the ratios 
in B and C are essentially equal. 

Dr. H. G. Byers, the chief of the Division of Soil Chemistry and Physics of the 
Bureau of Chemistry and Soils, states that among the more than 20 Podzols of which 
colloids have been investigated in his division during the last few years a few have 
smaller sa and sf ratios in B than in C. 

On the basis of the evidence contained in the analyses available within the 
United States, accumulation of alumina or iron oxide in the B horizon of the Podzols, 
over that in horizon C, measured in both cases by comparison with silica in the same 
horizons, may or may not have taken place. 

The tables of complete chemical analyses of the Podzols show in every case a 
higher percentage of organic matter (nitrogen) in the B horizon than in A2. Such an 
accumulation of organic matter in horizon B constitutes the ortstein, when indurated, 
and the orterde or ortsand when not indurated. Though this accumulation of organic 
matter is generally regarded as an unmistakable evidence of the activity of the 
podzolic process, large areas of soils in central Russia and in western Europe, in which 
no such accumulation has taken place, are designated as Podzolic. Reference has 
already been given above to the Humus-Podzol and Eisen-Podzol, defined by Frosterus 
in Finland, in the latter of which organic-matter accumulation does not exist or, if 
it does, to a very slight extent. In each of these soils the sa and sf ratios in A are 
higher than in C. 

Table 148.—Molecular ratios and pH values of selected soils from the Gray-Brown Podzolic group 

Soil type and sample No. 
Hori¬ 
zon 

Location 

Molecular ratios 

ba 

pH '■ 

Sassafras sandy loam: 
29408 _ 
29409 _ 
29410 _ 

Sassafras sandy loam: 
29419 _ 
29420 _ 
29421 _ 

Sassafras sandy loam: 
29423__- 
29424. --- 
29425_ 

Collington loam: 
29678 -- 
29679 _ 
29680 _ 

Colts Neck sandy loam: 
29457_ 
29459_ 
29460.... 

Chester loam: 

Nason loam: 
35074 ___ 
35075 _ 
35076 __ 

Maury silt loam: 
28500 _ 
28501 _ 
28502 _ 

Ontario silt loam: 
163220_ 
163221___ 
163222_ 

Gloucester fine sandy loam: 
1307137--- 
1307138_ 
1307140_ 

Miami silt loam: 
284020__ 
284022_ 
284024_ 

Miami silt loam: 
283703_ 
283705_ 
283707_ 

Miami silty clay loam: 
272303_ 
272306... 
272309_ 

Miami silt loam: 
28527__ 
28528... 
28529..-- 

Crosby silt loam' 
283760_ 
283762_ 
283764_ 

Bethel silt loam: 
284026_ 
284028_ 
284029_ 

Clinton silt loam: 
336425_ 
336426_ 
336427_ 

Clyde silty clay loam: 
282207... 
282208_ 
282209_ 

A2 
B 
C 

j-Cabin Creek, Md. 
32.3 
13.0 
16.3 

215.5 
94.9 
96.6 

0.15 
.13 
.17 

0. 45 
.40 
.50 

4. 87 
4. 87 
4. 87 

A 
B 
C 

j-Atlantic, Va. 

23.3 
15.0 
23.5 

131.2 
67.0 

184.4 

.18 

.22 

.13 

.53 

.32 

.63 

4.98 
5.15 
5. 33 

A2 

B 
C 

j-Temperanceville, Va. 
52.6 
40.6 
45.4 

82.0 
63.3 
70.7 

.17 

.24 

.19 

.50 

.34 

.37 

5.13 
4.79 
4.79 

A2 
B 
Ci 

32.0 
25.4 
52.3 

80.0 
22.0 
17.0 

.77 
1.16 
3.10 

.56 

.81 
1.48 

4. 62 
4. 62 
4. 62 

A 
B2 
C 

j-Iied Valley, N. 

48.0 
26.1 
25.9 

35.3 
13.7 
17.7 

1.35 
1.90 
1. 45 

.54 

.60 

.56 

4. 62 
5. 47 
5.15 

A 
B 
C 

| Lee Heights, Va. 

11.5 
6.1 
6.7 

47.5 
25.2 
25.2 

.24 

.26 

.26 

4. 85 
4. 85 
5.25 

A 
B 
C 

A2 
B 
C 

A 
B 
C 

A2 
B 
C2 

A2 

Bi 
C 

A2 

B2 

C2 

a2 
B 
C 

A2 
B 
C 

A3 
Bi 
C 

A2 

B 
C 

A2 
B 
C 

A 
B 
C 

Scuffletown, Va. 

Ashwood, Tenn. 

j-Lansingville, N. Y- 

l-Hinsdale, Mass- 

■Hancock County, Ind. 

• Wayne County, Ind_. 

Fayette, Ohio- 

Westport, Ind- 

Wayne County, Ind.. 

Westland, Ind- 

Amber, Iowa- 

Wells County, Ind- 

21.0 
3.6 
6.2 

14.5 
10. 5 
9.2 

13.8 
11.6 
11.9 

11.7 
11.4 
12.0 

13.3 
8.4 
9.5 

16.9 
8.6 

11.5 

12.1 
6.8 
6.8 

14.3 
9.5 
9.8 

12.3 
8.1 

11.1 

13.7 
6.8 
6.9 

13.4 
10.3 
12.3 

7.6 
7.7 
7.6 

81.4 
10.6 
23.4 

57.4 
45. 2 
32.8 

59.2 
48.0 
53.8 

49.4 
59.7 
71.9 

64.6 
31.1 
37.9 

81.8 
29.8 
49.9 

49.2 
22.2 
24.7 

75.0 
41.7 
34.7 

41.5 
35.6 
41.3 

64.6 
27.8 
28. 1 

74.3 
43.4 
61.9 

34.6 
32.3 
33.4 

.26 

.35 

.26 

.26 

.07 

.16 

4.49 
5. 49 
5. 49 

.32 

.23 

.28 

6.49 
6.15 
5.89 

.23 

.23 

.22 

.40 

.46 
2. 36 

6. 62 
6. 62 
8. 27 

.24 

.19 

.16 

.61 

.60 
1. 02 

4. 79 
4.96 
5. 22 

.20 

.27 

.25 

.53 

.39 
3.29 

5.13 
5.18 
8.26 

.20 

.29 

.23 

.57 

.42 
6. 53 

4. 82 
5. 00 
8. 68 

24 
30 
27 

19 
23 
28 

26 .48 
22 .36 
26 3.69 

21 .54 
24 .43 
24 1.17 

18 .57 
24 .44 
20 1. 67 

22 
24 

.23 

4.49 
6. 69 
8.12 

5.23 
6.57 
7.85 

6.15 
6. 10 
8.25 

6. 00 
6. 75 
7. 70 

5.67 
5. 22 
8.19 

6.17 
6.69 
6.84 

ipH determinations by E. H. Bailey. 

Table 148 contains the same ratios as those computed for the Podzols, for 17 
soils of the Gray-Brown Podzolic group, as the latter has been defined in this Atlas. 

It includes also the ratios for one other soil occurring within the general Gray-Brown 
Podzolic region, Clyde silty clay loam, a dark-colored soil in which normal develop¬ 
ment lias been prevented by ground water which has stood at or near the surface. 
It was introduced here to show the uniformity of its chemical profile features from the 
surface downward. 

The sa ratio is uniformly higher in the A or A2 than in the B horizon in all the nor¬ 
mally developed soils. That development has attained a more advanced stage in some 
than in others is evident. In Gloucester fine sandy loam, for example, the ratio for 
horizon A2 is 11.7 and that for B is 11.4. The chemical features of this soil as well 
as the well-known field characteristics show that development has just begun. This 
soil is confined to New England, where the material is comparatively coarse as well 
as sandy, was accumulated at a relatively late geological date, and the processes of rock 
decomposition because of the cool climate proceeds slowly. On the other hand, in 
Nason loam from Virginia, the sa ratio for horizon A is 21 and for B is 3.6. Devel¬ 
opment has reached an advanced stage in this soil. 

The sf ratios are higher in A or A2 than in B in each of the maturely developed 
soils except Gloucester fine sandy loam. In general the difference between the 

ratios in these horizons is greater than between the sa ratios for the same horizons. 
The maximum difference is found in the Nason loam of Virginia, the soil showing the 
maximum difference between the sa ratios of these horizons. The differences m the 
cases of Maury silt loam and Ontario silt loam are small, the latter being a young- 
soil developing from relatively heavy, highly calcareous glacial drift, and the foimei, 
a soil from which a considerable part of the surface soil, or A horizon, has been removed 
by erosion, the A horizon in the sample collected being only partly developed from 
what seems to consist of a former B horizon. 

The fa ratios show that the apparent accumulation of iron oxide m horizon B, 
compared with horizon A, is greater than of alumina. The differences, however, 
between the ratios in the two horizons are not great, but the iron oxide, under the 
conditions existing in the Gray-Brown Podzolic region, is removed from A to a greater 
extent than alumina in the larger number of the soils. 

In Maury silt loam, the evidences of a derivation of the existing ill-defined A 
horizon from a former B, suggested by the sa and sf ratios, are confirmed by the fa 
ratio. Crosby silt loam is not a normally developed soil, and Sassafras sandy loam 
at Cabin Creek, Md., is very sandy but is otherwise a normal soil. 

The ba ratios are generally higher in the A than in the B horizon. 
The relationships of the B and C horizons, as brought out by the several ratios, are 

similar to those in the Becket soils. The sa ratios for the B horizons are smaller in 
all but 3 of the 17 normally developing soils. In two of the three exceptions they are 
essentially identical, and in the third the difference is very small. In general, the 
amount by weight relative to silica is higher in horizon B than in C. The difference 
between the amount in B and that in C is much less, however, than that between B 
and A or A2. There has, therefore, been some accumulation of alumina in horizon 
B, but this is much less than that lost from A or A2. 

The sf ratios for the B and C horizons are dominantly like the sa ratios. Of the 
17 normally developing soils, the ratios for the B horizon are smaller than those for 
the C horizon in 14; it is the same in both horizons in 2, and is larger in 1 only. Iron 
oxide, like alumina, has been accumulated in horizon B but in much less quantity 
than it has been removed from A. 

The fa ratios are equally definite in showing what has taken place. In 13 of the 
soils, the ratio in B is higher than in C. It is evident that iron oxide in by far the 
greater number of these soils has increased to a greater extent than has alumina. 

The ba ratios for the A horizon are generally higher than those for the B, though 
in the Collington loam this ratio is smaller in the A. That for the C horizon depends 
on the character of the parent material. In cases where that is calcareous glacial 
drift, it is high. In other cases it is lower, though rarely lower than in the B. 

The relationships of silica, iron oxide, and alumina in the A, B, and C horizons 
of the soils of the Gray-Brown Podzolic group are entirely different from those in the 
greater number of the Podzols. In the latter, except those of Becket fine sandy 
loam, these ratios show that neither iron oxide nor alumina have accumulated in B, 
since they are higher for that horizon than for C. Excepting Becket fine sandy 
loam, iron oxide and alumina have been lost from both the A and B horizons, but 
the loss from A has been greater than that from B. 

In the Gray-Brown Podzolic soils the ratios show, in by far the greater number 
of cases, well-defined accumulations of both iron oxide and alumina in B. As 
explained on a preceding page, no accumulation of organic matter has taken place. 
These are well-drained normally developed soils, and, although they show some 
accumulation of alumina, the amount is much smaller proportionally to the amount 
present in the soil than of iron oxide. These soils, therefore, seem to be essentially 
like Frosterus’ Iron Podzol. 

In each of these soils, except Collington loam and Gloucester fine sandy loam, 
the sa ratio in A is higher than in C. Collington loam has developed from glauconitic 
deposits which differ, from place to place, in the richness of the glauconite content. 
In the spot where this sample was collected, the content was high. The content 
of alumina in the parent material, therefore, is very low and of iron oxide is high. 
Gloucester fine sandy loam is an immaturely developed soil, and the content of coarse 
material in which quartz is an important constituent is high in the C horizon. 

The sf ratio is higher and usually much higher in horizon A than in horizon C in 
each of the soils of this group, except Sassafras sandy loam and Gloucester fine sandy 
loam. In both cases this is owing to a high content of quartz in horizon C. 

The several ratios in the A, B, and C horizons of 38 soils assigned in the work of 
the Soil Survey to the group of Red and Yellow soils are shown in table 149. The 
colloid of three soils is included, reducing the number of separate soils to 35. In 
every soil of the 35 and in the colloid of two of these, the sa ratio of the A horizon is 
larger than that of the B. Those of the remaining colloid are essentially equal in both 
the A and B horizons. Among the 35 soils, the range in texture of the surface soil is 
from sand to clay. In the very sandy soils, such as Norfolk sandy loam from Gas¬ 
ton, S. C., the difference is very wide. In the colloid it is small. In general, however, 
the differences are larger than in the soils of either of the two groups already 
described. 

Table 149.—Molecular ratios and pH values of selected soils from the Red and Yellow soils group 

Soil type and sample no. 
Hori¬ 
zon 

Location 

Norfolk sandy loam: 
34737 _ 
34738 ... 
34739 _ 

Norfolk sandy loam: 
29185 _ 
29186 _ 
29187 ___ 

Marlboro fine sandy loam: 
32613 _ 
32614 _ 
32615 _ 

Norfolk sandy loam: 
30226_ 
30228 _ 
30229 _ 

Norfolk sand: 
30220_ 
30223 _ 
30224 _ 

Norfolk fine sandy loam: 
29128_ 
29130 _ 
29131 _ 

Norfolk sandy loam: 
32334_ 
32335-6_ 
32338_ 

Tifton fine sandy loam: 

A2 
B 
C 

A2 
B 
C 
A2 
B 
C 

A2 

B2 
Ci 

A 2 

B 
C 

A 2 

B2 
C 

A2 

Bi 
C 

Bennettsville, S. C. 

j-Gaston, S. C... 

Wilson, N. C. 

Raiford, Ga. 

j-Oreenwood, Ga_. 

Thomasville, Ga. 

Dothan, Ala. 

32301. 
32302. 
32304. 

A2 
Bi 
C 

| Carnegie, Ga. 

Molecular ratios 

sa sf fa ba 

( 100.9 218.5 0. 461 0.64 
\ 17.3 85.3 .202 .10 
{ 19.1 107.6 .177 .11 

( 23.8 412.7 .576 
\ 80.0 227.1 .351 
L 21.3 120.8 .176 

( 31.9 136.9 .233 
\ 8.9 35.4 .249 
{ 8.5 34.4 .247 

( 30.6 114.6 .266 
\ 12.0 53.1 .226 
[ 13.0 66.2 .200 

( 138.7 998.3 .138 
\ 27.5 143.6 . 191 
{ 36.7 153.5 .238 

( 108.3 168.8 .323 
f 7.2 11.3 .642 
l 8.2 57.4 .142 

( 33.6 416.6 .080 
\ 16.2 198. 5 .080 
1 11.9 174.3 .068 

( 44.6 265.4 .167 
J 5.4 31.0 .174 

l 6.6 23.2 .285 -- 

pH 

5. 05 
5. 05 
4. 96 

5. 52 
5. 22 
4. 63 

4.63 
4. 63 
4. 63 

5.57 
5.13 
5. 35 

5. 47 
5. 47 
5.13 

4.87 
5.09 
5.13 

4.89 
4. 89 
4. 94 

5.00 
5. 00 
5.10 
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Table 149.—Molecular ratios and pH values of selected soils from the Red and Yellow soils 
gro up—Continued 

Soil type and sample no. 

Tifton sandy loam: 
32341_ 
32343 _ 
32344 _ 

Tifton sandy loam: 
30232_ 
30234 __ 
30235 _ 

Greenville sandy loam: 
28902 _ 
28903 _ 
28901___ 

Greenville sandy loam: 
258507___ 
258508_ 
258510_ 

Greenville sandy loam: 
28560 _ 
28561 _ 
28562 _ 

Grenada silt loam: 
425002_ 
425003_ 
425005_ 

Grenada silt loam: 
28006_ 
28007_ 
28009_ 

Decatur silt loam: 
30250_ 
30252 _ 
30253 _ 

Nacogdoches fine sandy loam: 
447094_ 
33410_ 
447099_ 

Cecil fine sandy loam: 

Hori¬ 
zon 

34997 ___ 
34998 ___ 
34999 _ 

Cecil fine sandy loam (colloid): 
34996 ___ 
34997 _ 
34998 _ 

Cecil clay loam: 
236505_ 
236507-08_ 
236509_ 

Cecil fine sandy loam: 
236902-03_ 
236906_ 
236907___ 

Cecil sandy loam: 
32366_ 
32367-8_ 
32370-71-72_ 

Cecil fine sandy loam: 
30263_ 
30266_ 
30269_ 

Cecil fine sandy loam: 
28911 _ 
28912 _ 
28915_ 

Cecil sandy loam: 
28917 _ 
28918 _ 
28919 ___ 

Cecil clay loam: 
32352 _ 
32353 _ 
32357_ 

Cecil clay loam (colloid): 
32352 __ 
32353 _ 
32354 _ 

Georgeville silty clay loam: 
236715_ 
236716_ 
236718___ 

Georgeville silt loam: 
32617 _ 
32618 _ 
32620_ 

Durham fine sandy loam: 
32382 _ 
32383 _ 
32386-87-88_ 

Durham fine sandy loam: 
30254_ 
30258___ 
30261_ 

Appling sandy loam: 
236516_ 
236518_ 
236520..... 

Appling sandy loam: 
257802_ 
257804_ 
257805_ 

Porters loam: 
35000 _ 
35001 _ 
35001B___ 

Davidson clay loam: 

Davidson clay loam (colloid): 

Iredell loam: 
236921_ 
236922 „ _. 
236923... 

Iredell loam: 

A 2 
B 
C 

A2 
b3 
C 

A 
B 
Ci 

Aa 
Bi 
Ci 

Aa 
B 
C 

Ai 
Bi 
C 

A, 
Bi 
C 

A3 
Bi 
Ci 

A 
Bi 
C 

A 
Bi 
Ci 
C2 

A 
Bi 
C, 

A2 
Ba 
C 

A2 
B2 

C 

A2 
B 
Ca 

Ai 
Bi 
Ci 

A 
B 
C3 

A 
B 
Ci 

A 
Bi 
C2 

A 
Bi 
Ba 

A 
Bi 
C 

A2 
B 
Ca 

A2 
B, 
C 

A 
B 
Ca 

A2 
Ba 
Ca 

Aa 
Ba 
C 

Ai 
B 
Ca 

A 
Ba 
C 

A 
Ba 
C 

A 
B 
C 

A2 
B 
C 

Location 

Ocilla, Ga_ 

iMeigs, Ga. 

Evergreen, Ala.. 

Quitman, Ga_ 

Tallahassee, Fla. 

Rankin County, Miss. 

Grenada, Miss_ 

Childersburg, Ala.. 

Nacogdoches County, Tex.. 

Rutherfordton, N. C_ 

_do.. 

Green Hill, N. C_ 

County, N. C. 

Anderson County, S. C_ 

Decatur, Ga_ 

Lula, Ga. 

Mount Airy, Ga. 

Lanett, Ala.. 

Lanett, Ala. 

Henrico, N. C. 

Thelma, N. O.... 

Reidsville, N. C_ 

Stone Mountain, Ga. 

Sandymush, N. C_ 

Milner, Ga. 

Chimney Rock, N. C_ 

Greensboro, N. C_ 

_do. 

West Bend, N. C. 

Greensboro, N. C_ 

Molecular ratios 

sa sf fa ba 

( n.9 60.1 .194 .036 
\ 3.5 13.9 . 251 . 045 
1 5.4 18.4 .295 .064 

i 57.0 174.5 .326 
i 10.7 45.5 .234 
{ 11.2 35.3 .317 

f 41.0 152.7 .267 .290 
50.5 .377 .088 

1 24.0 19.1 1.290 .130 

( 23.4 67.5 .346 . 167 
14.0 .328 . 054 

1 11.4 7.9 1.430 .149 

f 31.2 122.6 .254 
85.6 .242 

1 17.5 94.7 . 184 

f 22.5 120.9 .185 .471 
10.3 39.4 . 260 . 274 

1 23.6 m.3 .211 .241 

f 15.0 52.9 .282 .522 
__ < 11.9 41.6 . 286 .455 

l 13.4 43.7 .306 .738 

( 19.2 64.9 .294 
23.0 .290 

1 3.4 15.0 .228 

f 43.3 27.6 1.560 
.A 2.7 4.3 .613 

{ 5.0 8.6 .575 

r 7.0 35.7 .197 .244 
j 2.8 11.0 .259 . 106 

"i 3.2 12. 6 
1 4.3 33.2 .129 .680 

1 1.6 8.1 .195 .040 . 
5.9 . 251 .022 

1 1.2 7.0 .176 .024 _ 

1 4.9 24.2 .203 . 155 
- < 2.7 10.4 .262 .092 

{ 3.5 24.5 .144 .458 

, I 26.3 165. 5 .158 .809 
1.6 8. 1 .202 .066 

' l 3.1 15.6 .196 .201 

[ 22.3 146.0 .158 .323 
3. 4 15.0 .231 . 106 

l 6.9 48.0 .144 .278 

[ 20.8 61.7 .336 
- { 5.9 23.9 .246 

1 5.0 22.3 .248 

t 34.0 193.8 .175 .2560 
- < 3.9 27.1 .144 .0770 

t 6.4 63.2 .101 .2250 

f 20.4 85.4 .239 .1006 
4.5 16.0 .283 .0403 

[ 8.6 47.3 .182 .0661 

f 10.1 18.8 .538 . 1600 
4.3 12.2 .351 .0900 

l 5.3 16.0 .334 . 1900 

[ 1.6 7.2 .229 .0260 
- j 1.7 5.9 .282 .0170 

[ 1.8 6.4 .278 .0210 __ 

f 7.8 36.1 .216 . 1140 
3.5 17.2 .205 . 1010 

[ 5.2 27.0 .193 .2760 

f 16.1 65.8 .243 .4720 
-1 3. 9 16. 1 .242 .0980 

l 7.1 37.2 .191 .2980 

I 13.6 130.5 .104 .8780 
j 4.8 37.9 .126 .2720 
[ 8.3 92.6 .900 .6950 

f 12.4 206.8 .060 
j 6.1 88.9 .070 
l 8.2 212.9 .040 

( 28.7 172.8 .166 .7570 
I 2.9 21.4 . 135 .1500 
l 6.0 50.3 .116 .2550 

( 25.8 269.9 .095 _ 
I 4.4 27.2 .164 _ 
l 4.5 40.9 .in _ 

f 10.6 86.3 .122 .7090 
I 4.8 32.5 . 149 .2290 
l 8.5 70.0 .122 .9100 

f 9.3 29.5 .314 .1600 
\ 3.7 9.0 .413 .0370 
[ 4-3 10.4 .408 .0600 

[ 1.8 7.4 .247 .0570 ... 
< 2.0 4.5 .448 .0280 ... 
[ 2.0 4.8 .433 .0360 _ 

f 11.6 13.4 .859 .6800 
3.1 11.1 .283 .2230 

l 3.9 11.8 .340 .7870 

( 8.7 3.1 .669 _ 
{ 3.7 9.1 .411 _ 
l 4.0 9.8 .406 _ 

pH 

5.10 
5.15 
5.15 

5. 57 
4. 96 
4. 96 

5.13 
5.13 
5. 35 

5. 36 
4. 99 
4. 79 

5.37 
4.79 
5.05 

4.90 
4.69 
4.79 

5. 22 
5.22 
5.47 

6.15 
4. 75 
7. 50 

4.79 
5.63 
5. 63 
5.80 

4. 79 
5. 47 
5.98 

5. 02 
5.13 
5.13 

5.15 
5.15 
5. 23 

5.25 
5.25 
5. 53 

4.69 
5.13 
5. 30 

4.62 
4. 87 
5. 05 

5. 47 
5. 47 
5.47 

4. 79 
4.79 
5.05 

4.63 
4. 37 
5. 52 

4.98 
5. 30 
4.88 

5.17 
5.17 
5. 62 

5.05 
5. 30 
4.79 

4. 79 
5.05 
4. 80 

4. 65 
5.15 
5.15 

6.4 
4.5 
4.4 

6.40 
6.09 
6. 82 

6.9 
6.7 
6.7 

The sf ratio is larger in horizon A than in B in every soil except Iredell loam from 

Greensboro, N. C. The differences also, between these ratios are generally wide, 

that for the A horizon being in general larger than the sa ratios for the same horizon. 

In every case among the mature or approximately mature soils, actual removal of 

iron oxide from horizon A has taken place. The ratio of iron oxide to alumina (fa) 

in the A and B horizon does not point so consistently to one conclusion as do those 

of silica to alumina or to iron oxide. In 14 soils and colloids the ratio of iron oxide 

to alumina in A is greater than in B, in 18 it is smaller in A than in B, and in 4 it 

is essentially the same in both. There has been, therefore, no uniform ratio of iron 

oxide to alumina in the material shifted from the A horizon in these soils. No 

attempt has been made to correlate the differences in these proportions with the 

stage of profile development. In general, as in the soils of the groups previously 

discussed, the ba ratio in A is higher than in B. 

1 he several ratios in the B and G horizons point to the same conclusion regarding 

the shifting of materials as in the previously discussed groups. Of the 35 soils in the 

table, the sa ratios in the B horizon of 27 are smaller than in horizon C. In 6 soils 

they are larger, and in 1 they are essentially the same in both horizons. In the 6 

soils in which this ratio is larger in B than in C, the differences are small, except in 

a very sandy type of the Norfolk series. If the soils can be accepted as representative 

of those in the Red and Yellow group, the evidence is clear that accumulation of 
alumina has taken place in horizon B. 

The sf ratios in horizon B in 26 of the 35 soils are smaller than in horizon C. 

In 8 soils the sf ratio is larger and in 1 it is essentially the same. Exactly the same 

story is told by these ratios as by the sa ratios. When compared with the silica, 

iron oixde has accumulated in the B horizon of these soils. 

The fa ratio in 22 of the 35 soils is larger in horizon B than in C, in 8 it is smaller, 

and in 5 it is essentially the same. It is apparent, therefore, that the gain of iron 

oxide from B has been greater than of alumina. The sa ratio in the A horizon in 

18 of these soils is smaller than in B, in 14 it is larger, and in 4 essentially the same. 

Iron oxide has suffered removal from A to a greater extent than from B. The ba 

ratios, as in the soils of the other groups, are generally larger in A than in B and, in 

many cases in these soils, than in C. 

The relationships of iron oxide, silica, and alumina, as well as the direction in 

which shifting of these compounds has taken place in the course of soil development, 

is the same in the Gray-Brown Podzolic soils and the Red and Yellow soils. The 

data are not sufficient for a conclusion regarding the Podzols. If these relationships 

and this direction in which shifting has taken place can be accepted as the basis for 

the definition of Podzolic soils, it is clear that two of these soil groups may be defined 

as Podzolic. If the term Podzolic can be applied to the Gray-Brown soils there 

seems to be no sufficient reason for not applying it to the Red and Yellow soils. It 

is apparent that these soil groups could properly be designated as Podzols, Gray- 

Brown Podzolic soils, and Red and Yellow Podzolic soils. 

No attempt can be made here to discuss the processes by which podzolization is 

brought about and to compare them with the processes operating in the development 

of the other great soil groups. An attempt has been made to make a clear statement 

of what has taken place and to compare this with the general opinions regarding what 

takes place in Podzol formation. If the removal of alumina and iron oxide from the 

A horizon and the reduction of the content of those constituents in this horizon well 

below that in horizon C, which, presumably shows the content of these constituents 

in what is now horizon A before the latter was developed, constitute podzolization, 

these soils are Podzolic. If the accumulation of iron oxide and alumina or either of 

these constituents in the B horizon to a content higher than in horizon C is a necessarv 

result of podzolization, these soils are Podzolic. 

The work of Anderson and Byers, and of Brown and Byers, on the colloid material 

from Podzols, have shown that in the Podzol process a fractionation of the colloid 

takes place. Whether in the future, this process will be accepted as characteristic 

for the soils of this group, can not now be determined. 

The assembled ratios for seven soils belonging in the group designated in this report 

as Prairie soils are shown in Table 150. Five of these soils are what are regarded in 

the United States as normal Prairie soils, and two, Summit clay loam and Cherokee 
silt loam, as not normal. 

4 able 150. Molecular ratios and pH values of selected soils from the Prairie-soils group 

Soil type and sample No. 

Carrington silt loam: 
375503.. _ 
375504_ 
375505-06_ 

Shelby loam: 
336309_ 
336310_ 
336311_ 

Marshall silt loam: 
336301_ 
336302_ 
336304_ 

Tama silt loam: 
34777_ 
34779_ 
34781_ 

Summit clay: 
29910 __ 
29911 _ . 
29913_ 

Summit clay loam: 
29846_ 
29848 _ 
29849 _ 

Cherokee silt loam: 
27891 _ 
27892 _ 
27893 _ 

Horizon Location 

Butler County, Nebr._ 

Fremont County, Iowa 

Fremont County, Iowa. 

Newton, Iowa_ 

Wellington, Kans_ 

Belleville, Kans_ 

Labette County, Kans.. 

Molecular ratios 

pH 

sa sf fa ba 

I 11.50 53. 90 0.213 0.517 5. 92 
I 10.20 48. 30 .210 .455 6.49 
l 9.90 42.20 .234 .454 7.60 

f 12.70 51.70 .247 .679 5.80 
< 10.60 48. 50 .218 .586 6. 33 
[ 9.60 40. 60 .237 1.450 8. 02 

[ 10.30 61.30 .167 .507 6.00 
\ 9.70 48. 70 . 198 .446 6. 09 
l 10. 12 60.26 .167 .603 7.52 

I 10.50 49.10 .213 .482 5.94 
\ 8.30 36. 40 .227 .367 5. 55 
{ 8.70 37. 40 .232 .390 5.09 

( 10.60 53. 30 . 198 6. 32 
I 11.90 56. 80 .210 5.98 
[ 9.80 48. 00 .204 7. 87 

f 10.80 67. 90 . 159 6. 35 
{ 7.60 36. 70 .208 6. 90 
l 8.60 47.10 . 182 8.17 

f 24.80 78. 30 .382 5.30 
{ 7.80 39. 70 . 197 5.80 
[ 6.90 37.00 . 185 6. 30 

The successive layers or horizons in the soil profile from the surface downward 

are designated by numbers rather than by letters, since they do not have character¬ 

istics identical with those of the Podzolic soils. 

In each soil, except Summit clay, the sa ratio for the surface soil is higher than 

that for any lower horizon or layer. The differences between tiffs ratio for the first 

and second layers shown in the table are, however, small in the first four soils, and 

for the sixth, or what are considered normal Prairie soils. The maximum difference, 

leaving Cherokee silt loam out of consideration, is only 3.2, a figure much smaller 

than in any of the groups previously described. In Summit clay the ratio in the 

surface soil is smaller than in the underlying horizon. 

In Cherokee silt loam the relative ratios are similar to those in the Podzolic soils. 

In this soil, layer 3 consists of tough heavy clay, and layer 2 of a light-gray silty struc¬ 

tureless layer very much like the A2 horizon of the Podzolic soils. Its gray color has 

been brought about by the water logging caused by the very slow penetrability of 

layer 3. The iron oxide in this layer has not been merely reduced but has been 

removed, and the alumina has been subjected to removal also. 

The sf ratio is larger in the first, or highest, layer shown in the tables, being the 

surface horizon in all cases, except in the second and seventh soils, than in the layer 

underlying it, except again in the fifth. The differences between the sf ratios in these 

two horizons are greater than are the sa ratios ranging up to 31 in Summit clay loam 
but down to 3 in Shelby loam. 

The ba ratio in the four soils, for which it has been computed, is invariably 

higher in the highest layer represented than in the underlying layer. 

The sa ratios in layer 3, which may be considered the parent material, are lower in 

four of the seven soils than in layer 2. The differences are small, and in the three 

cases in which they are higher, the differences are very small. 

The sf ratios also are lower in layer 3 in four of the soils than in layer 2 and higher 

in 3. Compared with the Gray-Brown or Red and Yellow soils, these differences 

are all small. The fa ratios are smaller in three of the soils and larger in four. 

On the basis of the several ratios in these soils, and accepting these as indications 

of the activity of the podzolic process, it is evident that some podzolization has taken 

place in these soils, ranging from a mere beginning to well-defined but not strong 

evidence of its action, except in the case of Cherokee silt loam and less strongly in 
Summit clay loam. 
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Figure 35.—Profile of Barnes silt loam (a Chernozem), near Huron, S. Dak. 

THE PEDOGALS 

The soils described up to this point have belonged to the Pedalfers, one of the 

two great soil groups, described on page 14, into which all soils of the United States 

have been divided. The two groups may be approximately designated as humid 

soils the Pedalfers, and subhumid and arid soils, the Pedocals. The teims humid, 

subhumid, and arid, when applied to soils, are merely general designations without 

significance in scientific soil nomenclature. They are climatic terms that have been 

used in soil literature for many years merely as general terms, without exact mean¬ 

ing, before pedological terms had come into use. 
The respective areas of distribution of the soils of these two groups in that part of 

the United States east of the Rocky Mountains are essentially continuous. Attention 

has been called to this fact on a preceding page and it is again referred to merely 

for emphasis. These areas are shown on the small outline map (fig. 1.) Within 

the Pedalfer area all the soils are either maturely developed Pedalfers; young soils 

whose characteristics are still imperfectly developed but such as have developed are 

Pedalfer characteristics; or soils in a still more primitive stage of development where, 

due to local conditions, their normal course of Pedalfer development has not yet 

begun but which, because of their association in identical, environment with mature 

Pedalfers can not be considered as any other than potential Pedalfers. 

Within the Pedocal area the same statement is true in general and practically 

in detail. The only area of Pedalfer soils within the Great Plains area of Pedocal 

soils consists of the Black Hills. In addition to the Great Plains area of Pedocals 

another large, approximately continuous area, but less continuous than the pie- 

ceding, is that of the Great Basin, lying between the western foot of the Rocky 

Mountain belt, taken as a whole, and the eastern foot of the Pacific ranges. Within 

the Rocky Mountain and Pacific range belts both groups of soils occur in great 

numbers of areas ranging widely in size. The higher lying areas throughout the 

region are Pedalfers. In the Pacific northwest, in the Pacific coast ranges, and m 

the northern part of the Rocky Mountain belt considerable areas of Pedalfers lie 

at moderate elevations. Elsewhere the lower areas are mainly covered by Pedocals. 
The soils of this great 

group have been differ¬ 

entiated on the basis of 

their soil characteristics 

only, and without refer¬ 

ence to climate. It is 

well known, of course, 

that climate has been an 

important factor in the 

determination of those 

characteristics, the nat¬ 

ural vegetation being 

the other of the two 

great dynamic factors, 

but the soils have not 

been differentiated on 

the theoretical basis of 

having been developed 

by factors of any kind 

but on the basis of ac¬ 

tual characteristics. 

The basis of differen¬ 

tiation of the two great 

groups has already been 

described (p. 14), this 

being the presence in 

the Pedocals of a zone of 

carbonate accumulation 

and its absence in the 

Pedalfers. Since this 

zone is one of accumulation and is therefore a product of development it is evident 

that it can not exist in the soil until at least a considerable advance in stage of 

development has been attained. The differentiation, therefore, of the soils of the 

United States into these two great groups, is a differentiation based entirely on the 

characteristics of the mature soils and not on the characteristics of undeveloped or 

immature soils. Immature soils associated with the mature soils will in time develop 

the characteristics of mature soils. They are grouped therefore with the soils which 

contain the characteristics toward which tlie immature soils are developing, but the 

definition of the group is based on the characteristics of mature soils, only. 

The Pedocals have been differentiated into four subgroups designated, respec¬ 

tively, as the Chernozem, Dark-Brown, Brown, and Gray groups according to the 

color of the surface layer to a depth ranging from 6 to 15 inches. The soils of each 

group occupy a series of north-south belts succeeding each other from east to west, 

the first two extending practically unbroken from the northern to the southern 

boundaries of the United States. Tlie other two occupy less continuous belts (pi. 1). 

It will be remembered that the soils of the several groups of Pedalfers, Podzols, 

Gray-Brown Podzolic, and others occupy ill-defined east-west belts. 

The soils of the Pedocal group range in color from black to gray, the subgroup 

with the blackest soils occupying the most easterly belt, that with tlie.gray soils the 

most westerly. The two other subgroups occupy intermediate positions and have 

soils of intermediate colors. The soils of any given belt are lighter, in color than 

those of any belt east of it and darker than those of any belt west of it. The dark¬ 

ness of the soils is an expression of the density of grass covei under which they 

developed. This, in turn, other things being equal, is the result of rainfall, the 

higher rainfall supporting the most dense grass cover, the lowest the least. The 

Pedocal groups are distributed therefore in belts which correspond to the distri¬ 

bution of belts of rainfall, the westwardly decreasing soil color coinciding with 

westwardly decreasing rainfall. Each belt may be broken up into two stretches, a 

northern and a southern, corresponding to differences in temperature. 

The differentiation of the Pedocals into groups based on the color of the surface 

horizon was established about half a century ago in Russia, on.the basis of Russian 

conditions, but it is found that they correspond to conditions in the United States 

closely enough to warrant the establishment of the same general groups in both 

countries. Since the great belts in southeastern Europe run east and west and 

therefore parallel to lines of rainfall and temperature differences, and m this country 

north and south parallel to differences in rainfall but perpendicular to differences of 

temperature, it is evident that the groups in the respective countries can not tit 

exactly. It is apparent that only a relatively small part of the soils of the great 

groups as they are developed in the United States can be exactly identical with 

those of the great groups as they are developed in southeastern Euiope. 

THE CHERNOZEMS 

The most easterly of the Pedocal belts is that of the Chernozems, a modified 

form of a Russian word meaning black earth. This is the belt containing the darkes 

colored soils. Westward, even within the belt and also beyond it, the soils become 

gradually lighter in color than along the eastern margin, corresponding to differences 

in rainfall and also, as a matter of mere observation, to differences m density of grass 

growth. All of these dark-colored soils, though not all of the Pedocals, are grassland 

soils, and as is the case with the Prairie soils, their dark color is caused by the accu¬ 

mulation of organic matter through the growth and decay of grasses. . As explained 

by Shantz and Zon (16), the grasses of the United States are grouped into two great 

groups known as tall grasses and short grasses. The Prairie soils he wholly within 

the tail-grass region. The greater part also of the Chernozem belt is m the tail- 

grass region, though the short grasses become dominant in the extreme western part 

of the belt, especially in Kansas and Texas, whereas the tall grasses, though o 

different species from those in the prairies, extend over practically all of the belt 

in the Dakotas. 
All the belts or great soil groups of the Pedocals extend northward from the l nitec 

States into Canada, and it is apparent that most of them extend southward into 

Mexico. Practically nothing, however, is known of their extension in the latter 

country. In the United States they occupy belts which extend almost due north and 

south, but in the Canadian northwest they assume a northwest-southeast course. 

Plate 2 shows the first and second Pedocal belts broken into two parts, a northern 

and a southern, and in addition to this the Chernozem belt is interrupted by tlie sand 

hills of Nebraska. The line between the two main parts runs across southern Kansas. 

On the large soil map (pi. 5, secs. 3, 6, and 11), on the other hand, each of these 

subgroups contains a number of series groups and units. From north to south the 

dominant series in the Chernozem belt, taken as a whole, consist of the Barnes soils 

in the Dakotas, the Moody and Holdrege soils in Nebraska, the Hays soils in Kansas, 

the Amarillo soils in northwestern Texas, the Valera soils in the Edwards Plateau of 

Texas, and the Victoria and Duval soils of southern Texas. 
The Barnes soils are dominant within the Chernozem belt of the Dakotas (fig. 35) 

and extend northward into Canada. They are associated, however, with two other 

series groups, both of which are important. These are the Fargo and Williams soils. 

The Barnes soils are black, the black surface horizon ranging generally from about 12 

to 15 inches in thickness. They are often popularly described as consisting of black 

soil to a depth of many feet. Except where materials washed from the surface soil 

have been locally accumulated, they never attain a thickness of as much as 3 feet and 

in few places are they more than 20 inches thick. This is not only true of the Barnes 

soils, but it is true of all the black soils of the United States, and especially true of the 

Prairie soils. Corresponding soils in south Russia, however, attain a thickness that 

persists over large areas, ranging from 4 to 6 feet. 
In very few places do the Barnes soils show the development of granulation. This 

has been the cause of considerable surprise, since the soils in the same belt farther 

south are in most cases well granulated. The dominant soil type is loam or fine sandy 

loam. Because of the geologically recent period of accumulation of the glacial 

material from which they have developed, the Barnes soils are still young. Some 

granulation has been discovered in the heavy types, but as a whole the soils are not 

granular. 
The surface horizon is underlain, as a rule, by a thin layer of brownish material of 

about the same texture as the dark-colored layer, and this layer, in turn, by the zone 

of calcium-carbonate accumulation. Highly calcareous glacial drift lies beneath the 

zone of calcium-carbonate accumulation, but above this zone effervescence in acid does 

not take place. The organic matter is saturated, however, and reaction is neutral. 

In characteristics of the dark-colored layer and the material immediately underlying 

it, the Barnes soils are essentially like the Clarion soils of the prairies. The two soils 

have developed from very similar parent material and on identical relief, but the 

Barnes soils have developed under a lower rainfall than the Clarion, and although the 

latter are underlain by highly calcareous material, this is the parent material and not 

part of a zone of carbonate accumulation. In the Barnes soils, however, a zone of 

carbonate accumulation is present above or at the top of the unleached parent 

material. 
The Fargo soils, associated with the Barnes, occupy a strip along the eastern side 

of North Dakota and the western side of Minnesota. They occupy also small areas 

scattered throughout the area of Barnes soils all of which are too small to show on 

the large soil map. They are shown, however, on the detailed soil maps covering the 

various projects surveyed in North Dakota. The Fargo soils have developed from 

lake-laid material, the main area being developed from material accumulated in 

ancient glacial Lake Agassiz. The profile, where it has developed far enough for 

the determination of the general trend of development, is identical with that of the 

Barnes soils. In most cases very little profile development, other than the removal 

of the existing calcium carbonate from the surface soil to a depth of about 2 feet and 

the accumulation of organic matter, has taken place. In rare cases only does there 

seem to have developed a thick zone of lime accumulation, although accurate studies 

for the determination of such accumulation have not yet been made. In texture 

these soils are, as a rule, heavy and, since they occupy areas where the relief is prac¬ 

tically flat, they have not been subjected to so much leaching as the Barnes soils. 

In certain localities also they have been subjected to the influence of small amounts 

of salts and have developed areas of Solonetz soils. These “alkali” soils are not 

salty in the sense that they contain enough readily soluble salts to interfere with 

the growth of plants, but they contain enough salts, presumably sodium carbonate, 

to cause the development of what is known as an alkali liardpan. The areas affected 

with hardpan are not large, and the hardpan has not been highly developed. It is 

a claypan rather than a hardpan. 

The liglit-textured soils developed from material deposited in Lake Agassiz, mainly 

around the margin of the lake, have been mapped as members of the Bearden series, 
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Figure 36.- -Profile of Hastings silt loam near Sutton, Nebr., showing granular 

structure. 

mainly because of good drainage which is owing mainly to their occurrence on slight 

ridges and partly to their relatively coarse textures. In a few places these soils are 

underlain by material which is somewhat lighter in texture than the surface soil. 

The surface is smooth and has not the billowy relief like that on which the Barnes 

soils have developed, the latter soils being morainic, and the profile is normally 

well developed. In essential characteristics they are Barnes soils developed from 

comparatively light textured water-laid but well-drained materials. 

West of the large area of Barnes soils in the Dakotas is a belt of soils mapped as 

members of the Williams series. These soils do not differ in essential characteristics 

from the Barnes soils except in the thinness of the surface soil or dark-colored horizon 

which is rarely more than 10 inches thick. The surface horizon is slightly lighter in 

color than that of the Barnes soils. In other respects the profile is identical with that 

of the Barnes soils. 
The Barnes and Fargo soils extend across the international boundary northward 

and occupy large areas in the prairie provinces of Canada. Northward they seem 

to contain an increasing amount of organic matter. 
The parent material of the Barnes soils in Canada is in general character identical 

with that in North and South Dakota, being highly calcareous glacial drift containing, 

especially in Canada, a considerable amount of gypsum. Many samples of soil were 

collected in the Great Plains region several years ago and subjected to chemical 

analyses, but very few of them included parent material. They were collected at a 

time when attention was directed to the zone of lime accumulation and especially 

the relation of this zone to the dark-colored surface horizon, and less attention was 

paid to the parent material. Later Canadian and Dakota samples of the Baines 

series were collected, in which the horizons of the solum, as well as of the parent 

material, were included. Earlier studies in the Great Plains had cleaily shown the 

presence of a zone of accumulation, but the actual quantitative deteimination of the 

percentage present in this zone and in the parent material also was not made until the 
summer of 1926, when 

Canadian samples were 

collected. 

In northeastern Nebras¬ 

ka, extreme northwestern 

Iowa, and southeastern 

South Dakota, including 

also an area in the south¬ 

western corner of Minne¬ 

sota, the soils have de¬ 

veloped from a thick bed 

of calcareous brown silt. 

This material seems to 

have accumulated by wind 

deposition and presumably 

was derived, at least in 

part, from the alluvial val¬ 

ley of the Missouri River. 

It is identified by geologists 

as loess. Some of the ma¬ 

terial may have come, and 

probably did come, from 

the sand-hill region of Ne¬ 

braska, which lies immedi¬ 

ately west of it. Since the 

latter is a region in which 

the sandy parent material 

has been blown up into 

dunes by the prevailing 

westerly wind, it is appar¬ 

ent that the finer material 

would be blown eastward 

and beyond where the sand 

is deposited and into the 

region of northeastern Nebraska. It is well within the range of possibility that the 

silty material in northeastern Nebraska has had a somewhat different immediate 

origin from that on the northern and eastern side of the Missouri River in South 

Dakota and Iowa, the latter being derived, in part at least, from the Missouri River 

flood plain. Although this may be true regarding the actual immediate source of 

this material, in fundamental character there can be no essential difference between 

them since materials on both sides of the river were derived from regions of the 

Great Plains where very little leaching has taken place. 
The normally mature soils developed on this silty material have been identified 

as members of the Moody series. The profile is, in its fundamental features, identical 

with that of the Barnes soils but differs in having a somewhat lower percentage of 

organic matter and a lighter color in the surface soil. Along the eastern part of the 

belt there is a brown horizon between the dark-colored horizon and the zone of 

calcium-carbonate accumulation. 
The lighter color of the Moody soils, as compared with the Barnes, is probably 

due to a number of causes, but the exact causes have not been determined. The 

region lies south of that in which the Barnes soils occur, and being warmer, other 

things being equal, the organic accumulation would not be so large. This statement 

is based on experience acquired in comparing soils in the northern part of the United 

States with those in the southern part in regions where conditions other than tem¬ 

perature are uniform or as nearly so as can be determined. The lower percentage of 

lime in the parent material of the Moody as compared with that of the Barnes soils 

is probably also a factor. It is probable that the very dark color of the Barnes soils is 

in part due to their derivation from very highly calcareous glacial drift, combined 

with their youth. They seem to be rendzinalike, to this extent at least, in their 

characteristics. The Moody soils, on the other hand, have developed from materials 

less highly calcareous than the Barnes, and the stage in which their characteristics 

were rendzinalike has already passed. 
South of the east end of the sand-hill region and continuing as an extension of 

the silty material westward from the principal area of the Moody soils, is an area of 

soils mapped as Colby. It lies in the western part of the Chernozem belt where the 

rainfall is lower than in the eastern part and where, therefore, the growth of grass 

is not so dense. It lies also within a region that has been severely dissected by 

erosion. The surface soil is being continually removed so that the dark-colored 

surface soil at any time consists essentially and fundamentally only of the lower 

part of the dark-colored layer that should be present, the upper part having been 

removed by erosion. The layer of dark-colored material is thin and the dark color 

is less intense than in a region where the soils have not been subjected to severe 

erosion. In other respects the Colby soils are very similar to the Moody soils. 

A small area of Moody soils lies on the south side of Platte River in Nebraska, 

the main area being north of it. South and to a slight extent west of this area m 

southern Nebraska and extending also southward into the northern part of Ivansas, 

is an area of soils identified in detailed work as members of the Hastings, Crete, Butler, 

Fillmore, and Scott series. The last three series occupy only small areas, lying m 

situations where the erosion of the existing topographic cycle has not yet reached 

and in which, therefore, the soils are subject to imperfect drainage. Even in the 

aggregate, however, the areas of these soils are very small so that practically all the 

total area is dominated by Hastings and Crete soils, but on the soil map only the 

Crete and Scott soils are shown. (PI. 5, secs. 6 and 7.) 
Hastings soils are very similar to Moody soils. Like the Moody they have 

been derived from a layer of silt which in this case seems to have been derived from 

the west or northwest. Practically the only difference between the Hastings and 

Moody soils is an accumulation, in the lower part of the subsoil of the former, of a 

zone of slight clay concentration. These soils were differentiated from the Holdrege 

soils, which occupy the region immediately west of them, entirely on the basis of the 

presence of a very slight concentration of clay in the subsoil of the Hastings. Since 

the Hastings soils, however, are neutral and the colloids are well flocculated, giving 

a well-defined granular structure to the dark-colored layer, it is apparent that the 

clay concentration has not taken place because of the acidity of the surface soil. 

It is not an illuviated horizon like the B horizon of Podzolic soils. It is apparent 

that the easiest and most 

simple explanation of its 

concentration is that it is 

the product of the presence 

in the parent material of an 

extremely small percentage 

of sodium salts. 

The Hastings soils (fig. 

36) have been differentiated 

in detailed mapping from 

the Crete soils (fig. 37) on 

the basis of the accumula¬ 

tion in the subsoil of the 

latter, below the dark-col¬ 

ored layer, of a well-defined 

concentration of clay form¬ 

ing a claypan. In the But¬ 

ler, Fillmore, and Scott soils 

the claypan is still better 

defined, reaching its maxi¬ 

mum development in the 

Fillmore. No other expla¬ 

nation of the presence of 

this concentration of clay 

than that suggested for the 

very slight concentration in 

the Hastings soils has yet 

been worked out. As the 

Holdrege soils have no zone 

of clay concentration and 

the Hastings soils which lie 

immediately east of them 

have a very slight concen- 

Figure 37.—Profile of Crete silt loam, in Seward County, Nebr., showing lamina¬ 

tion in layer 1 and granulation in layer 2. 

tration only, the concentration increasing in intensity eastward, it would seem to indi¬ 

cate that it has a relationship to the increasing rainfall. Since it occurs, however, 

only on the flattest areas, it is possible that it may have a relation to the presence 

of ground water and the length of the wet period each year during which ground 

water lies at a slight depth in the soil. Since this period of time increases, pre¬ 

sumably, with the amount of rainfall and therefore eastward, it is apparent that 

the concentration of a claypan has a relationship to ground water. The occurrence 

of ground water is not uniformly associated, throughout the United States, with the 

presence of a claypan and it is apparent that some other factor has accompanied 

that of the ground water in causing its development. 
The dark-colored surface layer of the Crete and Hastings soils is heavier in texture 

and fully as dark in color as the corresponding horizon of the Moody soils. It has a 

somewhat better developed granular structure than the latter. It is somewhat 

thicker than the surface soil of the Moody soils, and the zone of lime carbonate accu¬ 

mulation is somewhat better developed, usually occurring in the lower part, imme¬ 

diately beneath the claypan. 
Associated with the Hastings and Crete soils throughout the region of their 

occurrence are soils developing on gently rolling areas in which no claypan is present. 

Since the parent material is essentially identical, this relationship still further suggests 

the influence of ground water in the formation of the claypan. 

West of the area in which the Hastings and Crete soils occur is an area of Hol- 

dredge soils. These soils occupy a large area in Nebraska south of the Flatte River 

and west of the Hastings area and also extend southward into north-central Kansas. 

These soils have also developed from a layer of silt identical or very similar in character 

to that from which the Hastings, Crete, and Moody soils have been derived. They 

occur in areas of smooth relief and have developed the normal Chernozem profile so 

far as that concerns the presence of the zone of carbonate accumulation. The color 

is not so dark as that of the true Chernozems in the Dakotas, and the zone of carbonate 

accumulation is not so highly developed. It is as highly developed, however, as m the 

soils derived from the layer of silty material, taken as a whole. Throughout the areas 

of Pedocals in the United States the zone of carbonate accumulation, all other things 
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being equal, is less well developed in soils derived from loess than in those derived 

from heavier parent material. 

The dark-colored horizon of the Holdrege soils extends to a depth of about 15 

inches, and it is underlain by a brown silty horizon essentially identical in texture with 

the surface soil but in which calcium carbonate has not accumulated. The carbonate 

lies at a depth of about 2l/2 or 3 feet beneath the surface. The parent material be¬ 

neath is calcareous and silty. Although the Holdrege soils have developed on very 

smooth surfaces, they seem in no case to have been influenced in their development by 

the presence of ground water. This is probably owing to the low rainfall, these soils 

lying on the extreme western edge of what we regard in this country as the Chernozem 

belt. 

In central Kansas, occupying a large area lying mainly north of the Arkansas 

River, lies an area in which the soils are identified as members of the Hays series. 

This series of soils has not yet been defined in the regular work of the Soil Survey and 

is being created in this publication for the first time. Practically no detailed field 

studies of soils have been made in central Kansas. The Plays soils, as shown on the 

Figure 38.—Skip-row method of growing grain sorghum, Fisher County, Tex. 

map, therefore, are the result of incidental examination of soils by members of the 

Soil Survey staff in crossing this region in the progress of their regular work. It is 

well known that the soils of the area are not uniform. Enough work has been done, 

however, to show that these soils are members of the Chernozem group, and chemical 

examination of a few samples collected in the region show that their characteristics 

are moderately well developed. They are relatively heavy as compared with the 

soils farther north, as they have been derived from material accumulated by the 

disintegration of shales rather than from wind-blown silts. 

The surface soils are dark colored but not black. They do not differ in this 

respect from the Holdrege, and their heavier texture offsets their more southern situa¬ 

tion. The dark-colored layer is thicker than in the Holdrege soils, and the zone of 

calcium carbonate accumulation lies immediately below it. 

To a greater extent than in the silty soils, the organic matter in the Hays soils 

has been carried downward into the upper part of the zone of carbonate accumulation. 

This has been made possible by the cracking of the soil due to shrinking which takes 

place when the soil dries in late summer. When rains start in the winter or spring, 

Figure 39.—Cotton on Red soils (Amarillo), near Roby, Fisher County, Tex. 

dark-colored surface material is carried down along these cracks before the easy down¬ 

ward passage of moisture has been stopped by swelling of the material. 

In the southeastern part of the area mapped as Hays, lying mainly south of the 

Arkansas River, east of Great Bend, Kans., is an area in which the parent material 

has a reddish color. This soil has been differentiated as a separate soil on some old 

maps covering small areas in this region, but since the soil profile above the parent 

material in all its essential characteristics, so far as is now known, is identical with that 

of the Hays soils, these soils have been included with the Hays. This is fully justified, 

since it is well known, as already stated, that the Hays soils are not uniform through¬ 

out the area of their occurrence. 

It is not yet known to what extent claypan development has taken place in the 

eastern part of the Hays area. It is known that the Crete and Hastings soils, or soils 

with identical profiles, extend southward from their main area of occurrence in Ne¬ 

braska into east-central Kansas. An area of Crete soils has been mapped northeast 

of the main Hays area, and it is probable that the same kind of development has been 

going on still farther southward but this can not be determined until further studies 

have been made. 

From the southern boundary of Kansas, the western boundary of the Chernozem 

belt bends westward because of the rather rapidly increasing elevation southward 

from Arkansas River. The eastern boundary continues southward, however, so that 

in northwestern Texas the belt is broader than in Kansas. It extends westward in 

the panhandle region of Texas more than halfway from the Oklahoma boundary to the 

New Mexico boundary. The northern panhandle region, because of its elevation, 

has an effective moisture supply very similar to that of central Kansas in the central 

part of the Hays soils area. The soils around Amarillo, Tex., for example, lie on 

smooth areas and are practically as dark colored as are the soils in the southern part 

of the Hays area in Kansas. In all this region, however, south of Kansas, the soils 

have a well-defined reddish shade. When the mineral material has been separated 

from the organic matter with which it is mixed in the surface soil, the latter has a 

reddish-brown color and the material below the dark-colored surface horizon is red¬ 

dish. It becomes more strongly reddish southward so that in the region of Lubbock, 

Tex., and southward, where well drained and where the color is not obscured by the 

presence of organic matter, the soil is definitely reddish. The normal well-developed 

dark-colored soils lying on smooth relief throughout this region are identified as mem¬ 

bers of the Amarillo and Abilene series. The Amarillo soils, however, cover a much 

larger total area than the Abilene. The dominant soil as shown on the map covering 

this region is mapped as Amarillo. Figure 38 shows a field of grain sorghum grown 

on these soils in Fisher County, Tex. 

The soils of the Amarillo series extend from the northern part of northwest Texas 

(figs. 39 and 40) southward to the Edwards Plateau a little south of the latitude of the 

southeast corner of New Mexico. This range of latitude is 5°, and the distance is 

about 350 miles. This is a wide range and, when considered in connection with a 

decrease in elevation southward, it is evident that some change in soil character must 

have taken place.23 

The Amarillo soils in the northern panhandle of Texas, in the vicinity of Amarillo 

and northward, have a well-defined dark reddish-brown color. Southward the 

surface soil becomes less dark brown, and in the southern part of the panhandle 

region it is less dark and more red. 

The profile of the Amarillo soils is characterized by a very dark brown surface 

horizon extending to a depth ranging from 15 to 18 inches. It has a well-defined 

Figure 40.—A cotton yard at a cotton gin, Spur, Tex. 

granular structure, is uneluviated, and in most places is comparatively heavy in 

texture. It is underlain by light-brown or faintly reddish brown material a few inches 

thick, and this, in turn, is underlain by the usual zone of carbonate accumulation 

which in most places is pinkish or reddish. The parent material consists of Tertiary 

deposits which are usually unconsolidated but calcareous. 

A considerable area of Amarillo soils is shown on the map in western Oklahoma. 

Since practically no detailed mapping has been done in Oklahoma, it is not definitely 

known that these soils are members of the Amarillo series. They lie on the eroded 

plains east of the foot of the high plains escarpment and have been developed from 

other materials than the materials of the high plains on which typical Amarillo soils 

have developed. They belong in the same great soil belt as the Amarillo soils, or in 

other words they are members of the Chernozem group of soils, but whether they are 

similar to the Amarillo soils, to the Abilene soils, or to an entirely new soil series, not 

heretofore differentiated in soil mapping, is not now known. 

Amarillo sand, occupying a considerable area along the breaks of the plains east of 

the large continuous area of Amarillo soils, could have been designated merely as Sand 

in the same way that Sand in most other parts of the United States is shown. Since, 

however, these sands have not been so thoroughly leached as those in the sand-hill 

belt of the Carolinas, it was thought best to differentiate them from the leached 

sands. 

In Texas, in physiographic situations comparable to those in which the Amarillo 

soils are mapped in Oklahoma, the mature soils have been identified as members of 

the Abilene series. The Abilene soils have a dark-brown surface horizon about a foot 

thick. The percentage of organic matter is relatively high but not sufficient to give 

the material a black color. The mineral material with which the organic matter is 

mixed is pinkish or reddish, so that the color of the soil in the field when dry is dark 

reddish brown. The surface horizon is underlain by a layer of red material containing 

very little organic matter, though the transition from the surface soil is gradual. 

This layer is usually less than a foot thick and is underlain by the zone of carbonate 

accumulation. The material in the latter zone is pinkish or red, not so red, however 

as that of the horizon above, because of the presence of a high percentage of calcium 

carbonate which is well distributed throughout the soil mass. The thickness of the 

layer ranges up to 2 feet or more but is rarely indurated to caliche, a limestonelike 

layer. As shown on the large soil map, the Abilene soils include the Foard soils. 

The difference between the two, however, is largely one of parent material, and since 

in this region, where the material has not been leached by high rainfall, the influence 

of the parent material is confined largely to the texture of the soils, and since both the 

Abilene and Foard soils are comparatively heavy, consisting of loams, it is apparent 

23 The Amarillo series was defined originally on the basis of the characteristics of the reddish Pedoeals occurring on slopes and other rather excessively drained areas in the vicinity of Amarillo, Tex. Such soils occupy, however, small areas in the vicinity of Amarillo 

but in reconnaissance mapping in the region all the mature soils were included in this series. As mapping was extended southward on the high plains of Texas not merely the excessively drained areas but all the soils, even those on flat areas, were found to be red When 

detailed mapping was taken up in the Amarillo region in recent years, the fact that the dominant soils, those on the smooth areas of the district, are not red had to be recognized. These dark-colored soils without reddish mineral material or without decidedly reddish 

subsoils were given independent status as the Pullman scries. On the soil map (pi. 5, secs. 6 and 11) in this publication, however, the soils of the region originally defined as Amarillo have been shown as such, but it should be remembered that in the northern part of the 

areas shown, these soils are dominantly not red. 
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that the influence of the parent material in producing those features on the basis of 

which they are differentiated has been relatively insignificant. 

The Abilene soils lie within the undulating or rolling plains east of the high plains 

escarpment but on smooth or flat areas within these plains. In the areas where the 

relief is strongly rolling or hilly, where the soil profile has not attained more than 

incipient development, and where, therefore, the character of the parent material, in 

this case consisting of the red shales and sandstones of Permian age, expresses itself 

definitely, especially in the color of the soil, the soils have been mapped as members 

of the Vernon series. The Vernon soils are in progress of development into soils 

equivalent to the Abilene, but in very rare cases have they attained anything like 

maturity of development. The Vernon soils are red, but the redness is that of the 

parent rock and not that of oxidation by the weathering processes which are developing 

these soils. They contain no zone of carbonate accumulation and have not accumu¬ 

lated sufficient organic matter in the surface horizon to give them a dark color. This 

is owing in part to the erosion to which these soils are subjected and have been 

subjected for a long time and in part to the less luxuriant growth of grass on these 

soils than on the mature soils like the Amarillo and the Abilene. The vegetation on 

the Vernon soils is partly grass and partly brush, consisting mainly of mesquite brush 

though the cover is very open. 
The Vernon soils extend northward into western Oklahoma also. Since they are 

undeveloped soils, consisting mainly of parent material, and since the Permian 

“Red Beds” underlie western Oklahoma, it is apparent that the soils mapped Vernon 

in the western part of that State are true Vernon. 
The Abilene soils extend southward to the northern boundary of the Edwards 

Plateau, which is a large area underlain by limestone beds,lvingin a horizontal position, 

and extending from the southern terminus of the high plains lying a short distance 

south of the line of the Texas & Pacific Railway southward to a line running westward 

from San Antonio, Tex., along the line of the Southern Pacific Railroad. The eastern 

boundary is approximately that of the Chernozem belt, and the western boundary lies 

east of Pecos River, except in the extreme southern part of the State, where it extends 

west of that river. All but the western part of this area lies in the Chernozem belt. 

That part lying within the Chernozem belt is covered by a mixed growth of grass and 

scrub oak. The growth of brush and trees is considerably more dense than that on the 

Figure 41.—Cacti on southern Chernozems, Cameron County, Tex. 

Vernon soils east of the high plains, but it is not sufficiently dense to prevent the growth 

of a good cover of grass. The soils are almost invariably shallow, but in the few locali¬ 

ties where limestones have decomposed to a depth sufficient to allow the development 

of a normal profile the profile is that of a soil of the southern Chernozems. The color 

of the surface soil in these localities, as well as elsewhere on the Edwards Plateau, is 

darker than is that of the Abilene soils in the same region. This is apparently due to 

the high percentage of calcium carbonate present in these soils. They partake, to a 

considerable extent in this respect, of the character of Rendzinas 24 rather than of the 

normal soils of the region or of true Chernozems. 
In the few places where the normal profile has developed these soils are not 

Rendzinas, although they may still inherit some Rendzina characteristics, but in other 

places, and this includes 95 per cent of the whole area, it is apparent that the Rendzina 

characteristics predominate. Notwithstanding this fact, the surface soil, which in 

few places is more than 12 inches thick, is underlain by a thin coating, rarely more than 

2 or 3 inches thick, overlying the limestone, of accumulated calcium carbonate in the 

form of an indurated layer, or caliche. The caliche layer is usually thin, but in the 

comparatively smooth areas where soil development has proceeded somewhat it is 

generally present. In such cases these shallow soils consist mainly of a dark-colored 

horizon and the caliche, though there may be a thin layer of reddish clay lying im¬ 

mediately beneath the dark-colored horizon and above the caliche. These soils are 

mapped as members of the Valera series and consist mainly of stony clay loams. 

The southern boundary of the Edwards Plateau is marked by a southward-facing 

escarpment. Immediately south of it is an east-west belt, several miles wide, consist¬ 

ing mainly of members of the Victoria series. Figure 41 shows the natural vegetation 

on these soils, and figure 42 shows a field of onions grown on them. 

These are soils developed mainly from material spread out in a plain by streams 

flowing out of the Edwards Plateau and therefore contain a considerable amount of 

calcium-carbonate material. Soils of this belt are covered by brush, the growth of 

which in many places is very dense. Unlike the Edwards Plateau, the proportion of 

grass in the vegetative cover is small. The color of these soils is dark, but not so black 

as that of soils on the Edwards Plateau. In general they are young soils. On low 

ridges and in other places, where because of slope the soils are dry and oxidation is 

» Soils still young, developing from soft limestones and marls from which the carbonate has not yet been removed from the 

color. (See Houston black clay, p. 42.) 

active, they develop a red color which extends to the surface. Elsewhere the dark- 

colored material in the surface soil obscures the red. Where development has pro¬ 

ceeded far enough these soils are characterized by a zone of carbonate accumulation 

which in some places has been developed into a caliche. They do not differ very 

greatly, either in character of parent material or in stage of development, from the 

Abilene soils, but they are somewhat more red because of their more southerly posi¬ 

tion. They have developed under a more dense vegetative cover than have the 

Abilene soils, on the Victoria soils the cover being brush, whereas the Abilene soils 

have developed under grass, although they have an open cover of mesquite. They 

are shown on the soil map (pi. 5, sec. 11) as Victoria soils. 
The soils of the region south of the belt of Victoria soils lying immediately south 

of the Edwards Plateau, extending to the Rio Grande, are largely unknown. It is 

known, however, that the region is belted. The soils, so far as their detailed char¬ 

acteristics are concerned, run in a series of southwest-northeast belts. The soils of 

most of the area, except the westei’n part, belong in the Chernozem belt, but they are 

differentiated into series on the basis of certain characteristics, one of which includes 

the character of the parent material. In the lowland belts of this region the soils 

have been developed, in most cases, from marls or soft limestone. In the higher belts, 

none of which is more than 100 or 200 feet above the lowlands, the soils have 

developed from highly calcareous beds which contain some indurated limestones. 

In the lowland belts the soils are dark, most of them almost black. The blackness is 

apparently an expression of their development from marls and of their imperfect 

state of development. They still show Rendzina characteristics. These soils occupy 

the southwestward extension of belts which, east of the Chernozem belt, are mapped 

as members of the Houston series. It will be remembered that the Houston soils 

are typical Rendzinas. The same soils south and west of the Chernozem belt bound¬ 

ary are Rendzinalike but are identified and shown on the map as members of the 

Victoria rather than the Houston series, because they lie within the Chernozem belt. 

In essential fundamental characteristics, however, they do not differ very greatly 

from the Houston soils. Their differentiation is chiefly on a pedological rather than 

a practical basis. 
There are three of these belts of dark-colored soils developed from marls or marly 

materials. One lies along the Gulf and is a southwestward extension of the belt of 

recently uplifted coastal deposits on which the Lake Charles soils have developed in 

Figure 42.—A field of onions near Laredo, Webb County, Tex. 

southern Texas east of the boundary of the Chernozem belt. The second belt, lying 

north of this one, is continuous with the belt of Houston soils running parallel to the 

coast through Gonzales, Fayette, and Lavaca Counties, and the third is the extension 

of the main Houston belt running southwestward from Dallas and Fort Worth to San 

Antonio. 
Between these areas of dark-colored soils lie, on the low ridges of the region, soils 

which have a brown or reddish-brown color, darkened by organic matter and under¬ 

lain by red clay derived from limestone. Where the soils have lain in place for a long 

time a thick caliche has been accumulated, amounting in some places to 6 feet or more 

of practically solid limestone, and beneath this stringers of limestone extend down¬ 

ward into the calcareous clay for another 6 feet or deeper. This is especially true of 

these dark-colored soils in northern Hidalgo and Willacy Counties, where the surface 

is covered by an accumulation of sand. These soils are shown on the large map as 

members of the Duval series, but in detailed mapping those covered with a layer of 

sand are mapped as members of the Nueces series. A number of other series have 

been differentiated in the few areas that have been studied in detail. 

It should be borne in mind that the differentiation of soils in this region is based on 

a very limited amount of information, since very little detailed work has been done. 

No field studies have been made along the Rio Grande west of the western boundary 

of Hidalgo County. In this region the soils are shown on the map as members of the 

Duval series, but it is not known exactly what their characteristics are, nor is it known 

whether the soils within this region are relatively uniform in character. West of the 

belt of Victoria soils, which is the extreme southward or Chernozem extension of the 

coastal belt of Lake Charles soils, a belt of soils, developed to a large extent, if not 

entirely, from old alluvial deposits of that stream, lies along the Rio Grande in 

southern Texas. These soils are relatively young, but have developed a subnormal 

profile. They are marked by a faint accumulation of calcium carbonate in the subsoil, 

and the surface soil is rich brown or dark brown. These are the soils on which the 

irrigated agriculture of the region is developed. They are mapped mainly as members 

of the Hidalgo series in detailed mapping, but have been combined with the Duval 

soils on the soil map. The Duval soils seem to contain features resulting from a more 

advanced stage of soil development under the regional environment than the Hidalgo 

surface layer. The bases saturate the organic and other colloids, which retain the organic matter, and the latter gives the soils a dark 
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soils. They have developed a reddish subsoil, but have a dark-brown surface soil 

except where eroded. (PI. 5, sec. 11.) 
It has already been stated that the Pedocals of the Great Plains region are divided 

into a number of groups distributed in north-south belts, the most easterly belt being 

that of the Chernozems, which has just been described. The soils of the belts which 

succeed each other westward differ mainly in the color of the surface layer which con¬ 

tains the organic matter. They differ somewhat in other respects, but this is the most 

striking difference and is the one on which the soils here designated as Pedocals weie 

divided into subgroups. 
No area extending entirely across the width of the Great Plains has been mapped 

according to the modern point of view. Mapping of an area extending from north¬ 

eastern Montana entirely across that part of the State lying within the Great Plains, 

from the Canadian line southward to Missouri River, has just been completed. Work 

on the eastern extension of this belt across North Dakota, needed to complete a belt 

entirely across the Great Plains, has not been completed. In practically all cases, 

with the exception of this comparatively narrow belt in northern Montana, the map¬ 

ping of the soils of the Great Plains as shown on the large soil map in this publication 

is based to a slight extent on general reconnaissance surveys, but mainly on general 

knowledge of the character of the soils obtained by crossing the region in traveling 

from one part of the country to another. In these general studies no actual field 

mapping has been done. The deficiencies of such work for the puipose of general 

mapping, such as that in this publication, are not so great, however, as it may at 

first seem. 
The Great Plains have a smooth land surface, are covered uniformly, or almost 

so, with grass, the rainfall decreases gradually from east to west, and the changes in 

temperature from south to north take place so gradually that practically no effect 

is noticeable within small areas. The smooth relief and the regular distribution of 

the dynamic factors of soil development have resulted in the production of soils 

which are uniform over large areas. The general characteristics of soils developed 

under such conditions have wide distribution and are not modified by local conditions 

to such an extent as the soils of the eastern part of the United States. The soil map 

in this publication attempts to show soils defined on broad features only. 

Figure 43.—Profile of a Dark-Brown soil, near Calgary, Canada. 

THE DARK-BROWN AND BROWN SOILS 

The soils of a belt lying immediately west of the Chernozem belt constitute the 

Dark-Brown soils. The corresponding soils in Russia are called Chestnut-Brown 

soils. The chestnut-brown color contains an element of red. Since in Russia the 

soil belts run east-west and the Chestnut-Brown belt lies south of the Chernozem belt, 

and in a region therefore of higher temperature, the soils of the whole belt are com¬ 

paratively uniform in color, and because of their southern latitude they have been 

more highly oxidized than those farther north and have a shade of red in their color. 

In the United States the chestnut-brown color is present only in a relatively small area 

in the central or Kansas part of the belt of Dark-Brown soils. North of Kansas the 

surface soil is dark brown and south of that State is dark reddish brown, the soils 

becoming less dark in color southward. The true Chestnut-Brown soils, like the 

true Chernozems, occupy only a small part of the north-south belt in which the soil 

color is slightly less dark than that of the Chernozems. For this reason the soils of 

the belt are called Dark-Brown rather than Chestnut-Brown soils. 

The belt of Dark-Brown soils includes the eastern part of the Great Plains west 

of the western boundary of the Chernozem belt. On account of the gradual decrease 

westward of the dark color of the soil, considerable areas of the Great Plains are 

occupied by soils of the Pedocal group too light in color to be included in the Dark- 

Brown soils. Theoretically, these soils should occupy a continuous belt stretching, 

like the Dark-Brown soils, from north to south entirely across the country, and it is 

easily possible to establish such a belt. On the soil map in this publication, however, 

the belt of Dark-Brown soils extends westward to the mountains, except a few large 

areas, notwithstanding the well-known fact that the color of the soils in the western 

part of the belt is lighter than that in the eastern part. 

In a narrow belt lying along the mountain front, except in those places where 

the mountains are low, and extending eastward a few miles, usually less than 10, the 

soils are darker than farther eastward, in some cases, especially in Montana, being- 

black. This belt is too narrow to be shown on the soil map and is included, therefore, 

in the belt of Dark-Brown soils. 

In a large area of the Great Plains of Montana, with the town of Shelby occupying 

approximately the center, the soils are brown. This is an area in which the rainfall 

is low, amounting to only about 14 inches, and the grass cover has not been sufficiently 

dense to give the soil a dark-brown color. The zone of carbonate accumulation lies 

at less depth, usually very little more than a foot, than in the Dark-Brown belt. 

Another large area of Brown soils lies along Mexico and 
third along Arkansas River m southern Colorado, and a louitii 

in the Trans-Pecos country of Texas. roue-h 
Within the Rocky Mountain belt, most of which is shown on th.map as long 

land, there are many areas typical of all the great soil gioups oim 

Plains and eastward to the Atlantic. Many of these are shown on ™ 
approximate accuracy as to general location. The Dark-Brown and Broim smls ol 

the Great Plains and of those areas within the mountains are described below a 

without seperate headings. The general character only o t lese soi s is , 

on the Great Plains, and of those within the mountains still less is known. 
It was stated on a preceding page that although the belts containing these groups 

of soils extend across the United States in a north-south direction, near the northe 

boundary of the United States their direction changes to a northwesterly cours 

The eastern boundary of the Chernozem belt does not turn south of the international, 

boundary but begins a short distance north of Ainnipeg, Canac a. ie w es e 

boundary, however (pi. 2), turns northwestward from the southern boundary o 

North Dakota and includes a small area in the northeastern corner of Montana. 

The western boundary of the Dark-Brown belt trends sharply northwestward from 

northeastern Wyoming and crosses the Canadian boundary at the eastern foot o e 

Rocky Mountains. (Fig. 43.) In Montana the distribution of the Dark-Brown 

soils has been modified by the occurrence of a number of isolated mountain 

groups, whose influence will be discussed when that part of the belt has been 

taken up. _ 
Since the Chernozem, Dark-Brown, and Brown soils lie m the Great I lams east 

of the Rocky Mountains, and the Gray Desert soils, the fourth group, in the Great 

Basin desert region, and since the Brown soils, on the basis of the information 

obtained to the present time, occur in a discontinuous belt, it will be convenient to 

describe the soils of both the Dark-Brown and Brown belts together. The slight 

difference between the soils of the two groups and their relatively slight importance 

agriculturally add to the justification of this procedure. 
In the description of the Chernozem soils in North Dakota, the Williams soils, 

lying intermediate in color between the Chernozems and the Dark-Brown soils, weie 

included with the Chernozems. 
Because of the almost complete lack of results of detailed field studies of soils in 

n i Pimno iTTQof Af 11wi LtprTiA7.PTn fplt, tlip. number of soil 

Figure 44.—Profile of a Dark-Brown soil, near Bismarck, N. Dak. 

the Dark-Brown and Brown soils belts on the soil map is small, and in most cases their 

distribution has been determined by widely scattered and occasional studies only2 

A strip across that part of Montana lying in the Great Plains north of Missouri River 

is the largest area that has been carefully studied and mapped. A number of projects 

covering small areas have been studied in western Nebraska, one in eastern Wyoming, 

two in Colorado, and several in Texas. 

In northeastern Montana the Williams soils cover an area of a few counties. West 

of the Williams area a series of soils identified as members of the Daniels series belongs 

in the same great group as the Williams. They are very dark brown where well 

developed, with a well-defined carbonate zone at a depth of about 2 feet. They have 

been differentiated from the Williams soils because of having developed from a thick 

bed of gravel, and they occur on uneroded remnants of a gravel plateau originally 

covering a much larger area. 

The soils occupying a large area west of the Daniels area, extending westward to 

a north-and-south line about 20 miles west of Havre and southward from beyond the 

Canadian boundary nearly to Missouri River, are shown on the map as members of 

the Scobey series. These are well-defined Dark-Brown soils, with a zone of lime 

accumulation lying at a depth ranging from 12 to 20 inches. The surface horizon, 

which is about 2 inches thick, is loose, deflocculated, and usually sandy. Beneath 

this lies a firm, usually roughly prismatic dark-brown horizon with rather well defined 

granulation in the upper inch or two. The lower part of the horizon, ranging from 

6 to 12 inches in thickness, is light brown or brown. The lime concentration zone 

lies beneath. The parent material is calcareous glacial drift. Throughout the area 

of their occurrence the Scobey soils have an imperfectly developed columnar or pris¬ 

matic dark-colored horizon. This characteristic is a noticeable feature of the Dark- 

Brown soils, the prismatic breakage being better defined in the lower than in the upper 

part of the horizon. 

A belt of Phillips soils, lying within the area of Scobey soils, is about 20 miles wide 

on the Canadian boundary in the northeast corner of Hill County and the northwest 

corner of Blaine County and extends southeastward to Missouri River, in Phillips 

County. It consists of that part of the belt of Scobey soils which contains a very 

large number of “slick spots” or Solonetz areas. All the features of the Solonetz 

profile are found in this belt, ranging from the typical Scobey profile, in which the 

columnar breakage in the dark-colored horizon may be interpreted as a faint devel¬ 

opment of Solonetz features, to areas of well-developed microrelief, in which the 

surface is bare of vegetation and heavy columnar clay lies beneath a gray highly porous 

structureless layer an inch thick. Beneath the heavy tough columnar claypan, at 
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APPROXIMATE CHEMICAL AND MECHANICAL COMPOSITION PROFILES 
OF REPRESENTATIVE SOILS 

BECKET 
FINE SANDY LOAM 

COLLINGTON 
LOAM 

MIAMI NORFOLK 
LOAM FINE SANDY LOAM 

(PODZOL SOIL) (GRAY-BROWN PODZOLIC SOILS) 

_A_j_■ 
\ 

(YELLOW SOIL) 

LEGEND FOR CHEMICAL PROFILES 

ORGANIC MATTER SILICA ALUMINA IRON OXIDE 

CECIL 
SANDY LOAM 

KIRVIN 
FINE SANDY LOAM 

MARSHALL 
SILT LOAM 

BARNES 
LOAM 

(RED SOILS) (PRAIRIE SOIL) 

GREENSBURG ABILENE ROSEBUD HOUSTON 

SILT LOAM CLAY LOAM SILT LOAM BLACK CLAY 

(CHERNOZEM SOILS) (DARK-BROWN SOILS) (RENDZINA SOIL) 

ALKALINE EARTHS ALKALIES GRAVEL SAND FINE SAND SILT CLAY 

The charts show the approximate chemical and mechanical composition of samples from representative soils, 
collected carefully according to soil horizons, of six of the great soil groups of the United States and one Rendzina 
profile. An analysis of material from each horizon was made. This composition was assumed, in constructing the 
chart, to represent the material half way between the bottom and top of the horizon. Points were laid off across 

EXPLANATION OF MECHANICAL AND 
the chart half way between the top and bottom of each horizon, the distances between adjacent ones being pro¬ 
portional to the magnitude of the percentage composition of the constituent represented. These points were 
connected by lines, but in drawing them their course between points was determined by knowledge of the detailed 
characteristics of the soil profiles obtained by field study. 

CHEMICAL COMPOSITION CHARTS 
The charts were constructed from the loss-on-ignition free composition of the soils, giving no recognition of 

the presence of organic matter. After construction the percentage of organic matter obtained by rnulttplying the 
percentage of nitrogen by 23 was placed on the chart. By this means some of the silica is obliterated by the color 
for organic matter. In reading the chart therefore the organic matter and mineral matter should be read entirely 

independently. The relative percentage of silica in the surface soil can be determined only by measuring from the left 
boundary of the chart to the silica-alumina boundary and not from the apparent silica-organic matter boundary to the 
silica-alumina boundary. The mechanical composition charts were constructed directly from the mechanical 
analyses tables submitted from the laboratory without recalculation. 
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a depth of about 12 inches, lies the zone of calcium-carbonate accumulation containing 

also abundant gypsum crystals. 

Solonetz soils in many stages of development and degradation occupy a great 

number of spots and small areas, mainly in the western part of the United States. 

As they do not occupy any large continuous areas, they have not been given recogni¬ 

tion as one of the great soil groups. They have been included within and undiffer¬ 

entiated from the soils with which they are associated, except the area of Phillips 

soils, just as the Rendzinas of Texas have been included in the Prairie soils and those 

of Alabama and Mississippi in the Red and Yellow soils. They are characterized by 

the presence of a heavy tough clay horizon usually at a depth of less than 2 feet. 

This is usually accounted for as a result arising from the presence of a very small 

content of sodium carbonate in the soil material. These soils were first studied by 

Russian soil scientists, and the name here used is a Russian word. 

Over large areas within the Great Plains these spots consist of slight depressions 

about 6 inches deep, caused by the removal of the material overlying the heavy tough 

clay horizon. The depressions are usually round or oblong and range up to 50 feet in 

diameter. A great number of these depressions in an area produces what has long- 

been designated by the Russian soil scientists as microrelief. 

Between the dark-colored Scobey soils (fig. 45) occupying the large area extending 

from Havre to Scobey and a smaller area lying west of Cut Bank is a large area 

covered by Joplin soils. These are Brown soils developed under an annual rainfall 

ranging from 8 to 12 inches and a grass cover less dense than that under which the 

Scobey soils have developed, where the rainfall ranges from 12 to 16 inches. The 

Joplin soils differ from the Scobey in the brown rather than dark-brown color of the 

second horizon. The parent material is essentially the same in both cases. 

The central part of the area of Joplin soils is the point of lowest rainfall and least 

vigorous growth of grass cover in northern Montana. The rainfall decreases from the 

eastern part of the State westward to this point, beyond which it increases, owing 

presumably to the influence of the mountains. From the longitude of Cut Bank west- 

Figure 45.—Profile of a Dark-Brown (Scobey) soil, near Glasgow, Mont. 

ward the soils are dark, the darkness increasing westward to the mountains, where a 

forest cover and higher rainfall cause development of Podzolic soils. Except for a 

narrow belt immediately east of the mountains, where the soils are dark and have 

developed from thick gravel deposits spread out from points where the rivers flow from 

the mountains into the plains, these soils, developed in part from glacial drift and in 

part from gravels, are shown on the map as Scobey. Along the mountain front where 

developed entirely from the gravel beds and where the color is dark they are identified, 

for mapping purposes, as Daniels soils. Where developed from glacial drift they are 

identified as Williams soils. In detailed mapping this mountain fringe belt contains a 

large number of soils. 

Along both sides of Missouri River above the mouth of Milk River, mainly above 

the mouth of Musselshell River, is a belt of soils identified in reconnaissance mapping 

as members of the Lismas series. They are undeveloped soils consisting mainly of 

disintegrated shale material. The imperfect profile development is partly due to 

their occurrence on uneven relief, but mainly to the heavy texture of the material. 

The Pierre soils are also young and have developed from shales of essentially the same 

character as those in the Lismas region. In general character soils of the two series 

are alike and are combined on the map as the Pierre soils. The Pierre soils occupy 

large areas in western South Dakota and adjacent parts of Montana and Wyoming. 

Belts of badlands lie along all the streams in southeastern Montana and in the 

Dakotas. The soils in such areas are essentially like the Pierre soils. The relief is 

rougher than that in areas of Pierre soils taken as a whole, so that the areas of soils 

with even a slight development of profile is proportionally smaller. The areas of 

Pierre soils and the badlands are much alike, therefore, both including many areas of 

rugged relief where dissection is thorough, both being underlain by shales, and both 

including imperfectly weathered soils consisting mainly of disintegrated shales and 

clays, due in part to rough relief, in part to the heavy texture of the material, and in 

part to both conditions. In many places the shales are more or less salty, so that 

incipient Solonetz development is prevalent. 

Three isolated mountain areas lie in the Great Plains of Montana north of 

Missouri River. The largest, the Bear Paw Mountains, covering an area of about 

500 square miles, lies south of Havre; the Little Rocky Mountains, covering about 

100 square miles, lie about 30 miles south of Dodson; and the Sweet Grass Hills, 

somewhat smaller in area than the Little Rockies, lie on the Canadian boundary, 

mainly within the United States north of Shelby. Each area interrupts the continuity 

of the Great Plains soils around it. Most of each area is shown on the map as rough 

stony land, without any attempt to designate the character of the soils. In the two 

larger areas (the Bear Paw and Little Rocky Mountains), Podzolic soils occupy the 

higher parts, but extremely small areas have a normally developed podzolic profile 

because of the steepness of the slopes. Smooth belts around each area and within the 

outer boundary include dark-colored soils, in every case darker than the Great Plains 

soils near them. Because of the abrupt rise of each of the mountainous masses from 

the surrounding plains, no well-defined series of belts, representing all the gradational 

soil belts from Podzols to Brown or Dark-Brown soils of the surrounding plains, 

extend around them. Each area is surrounded by a more or less continuous belt of 

soils darker than the plains soils. In practically all cases these dark-colored soils 

have developed on gravelly fans, built up by mountain streams. They are shown on 

the soil map as members of the Daniels series but in detailed mapping have been 

differentiated on the basis of minor features into several series. In general character 

they are like the Daniels soils. One area in the Sweet Grass Hills border, derived 

from glacial drift, is shown as Williams. 

The Dark-Brown soils of the smooth uplands south of the glacial boundary, in 

Montana, the Dakotas, Wyoming, Nebraska, Kansas, and Colorado, covering a large 

area in which practically no field studies other than incidental examinations of profiles 

and the collection of samples for analytical work have been completed, are shown 

on the map as Rosebud soils. (Fig. 46.) This series of soils was defined on the basis 

of the characteristics of the soils in western Nebraska. They are Dark-Brown soils 

having essentially the same color and other profile characteristics as the Scobey 

soils, differing from the latter soils in their derivation from material accumulated by 

the weathering of the country rock which is not uniform within the whole area 

shown on the map as Rosebud. It is well known that the soils are not uniform over 

this region, but because of lack of specific information they are included in one series 

group. Southward the Rosebud soils change gradually to light-colored Chestnut- 

Brown soils and finally into dark reddish-brown soils. They are shown on that 

part of the soil map covering western North Dakota as an almost continuous body, 

broken only in small areas. The continuity is owing mainly to the smoothness of 

Figure 40. - Dark-Brown soils, showing burned shale mesas, in southeastern Montana. 

the region over which they occur and to the absence of information regarding details 

of soil character. In general profile characteristics they are similar to the Chernozem 

soils, but the color of the surface soil is dark brown instead of black and the thickness 

of the dark-colored layer is less than that of the black surface layer of the Chernozems. 

The zone of carbonate accumulation is, in the mature soil, well developed and, as a 

whole, lies a little nearer the surface than in the Chernozems. 

Another important difference, however, between the Rosebud soils and the 

Chernozems, especially in the central and southern parts of the areas of both groups, 

is the presence of highly developed granulation in the latter and its absence in the 

former, taken as a whole. As mentioned before, in North Dakota the structure of 

the Chernozems is not well developed. In this case, therefore, this difference between 

the latter and the Rosebud soils is not noticeable. Farther southward, however, the 

granulation is very noticeable and is especially well marked in central-western Kansas, 

and it is noticeable also in western Nebraska. 

In western Kansas the Rosebud profile is characterized by a loose mulchlike 

surface layer of comparatively coarse material which is subject to shifting by the wind 

and is probably the product of continual wind shifting. This layer is rarely more 

than 2 or 3 inches thick. It is underlain by a 6- or 8-inch firm, structureless, seem¬ 

ingly heavier horizon containing the great mass of the grass roots constituting the 

layer which gives the soil its dark color. This layer, in turn, is underlain by a 

lighter colored horizon which may have prismatic structure, breaking on exposure 

into vertical prisms about an inch in diameter. This horizon ranges up to about 

a foot in thickness and is underlain by the zone of carbonate accumulation. 

Throughout the entire area of their occurrence the Rosebud soils have developed 

from the underlying geological formations consisting mainly of Tertiary deposits. 

They represent the mature soils of the region in which they occur and are found, 

therefore, on the smooth areas. In a north-south belt across western North Dakota 

the continuity of the Rosebud soils is broken by a belt of badlands about 10 miles 

wide. West of this lies a relatively narrow belt of smooth relief. Extending west¬ 

ward beyond the Montana boundary and covering a large area in southeastern 

Montana is a large area of dissected plateau in which the dissection is relatively deep 

and rather thorough, but because of the geological structure the original plateau 

surface remains intact along the watersheds between the streams. The Rosebud 

soils, or, at least, Dark-Brown soils, lie on these watershed belts. Whether they 

will be identified in detailed mapping as Rosebud soils when this area is taken up for 

detailed mapping is not known, but these soils are identical in their broad features 

with the Rosebud soils. 
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Another area of Dark-Brown soils lies in Montana between the Missouri and 

Yellowstone Rivers. In this area the relief is smoother than in the southeastern 

part of the State, and therefore the distribution of the soils is more continuous. Along 

the streams in this region in general, not only in southeastern Montana but in the 

central part of the State and in northeastern Wyoming, especially along the Mussel¬ 

shell River in Montana, the map shows badlands. This merely means that between 

these belts of smooth country, covered with Rosebud soils, there are relatively 

important belts of country so thoroughly dissected that no soil approaching maturity 

has developed. It is not a region consisting entirely of exposed country rock, but 

it is covered with loose material which serves as a soil and supports a moderately 

good grass cover; but no soil profile has developed and the character of the material 

varies in its details with the character of the underlying rock. It ranges widely in 

texture but is predominantly heavy and similar in general characteristics to the 

Pierre soils. 
Western South Dakota is geologically very different from western North Dakota. 

Western North Dakota is underlain by beds of sandy shales and thin sandstones, 

which furnish material of such a character that the development of a soil profile 

proceeds at a relatively rapid rate. In western South Dakota, east of the Black 

Hills and extending around the Black Hills into eastern Wyoming, is a large area of 

country underlain by Pierre shales. Like fine-grained shales in general, they disin¬ 

tegrate very slowly, and when disintegrated and decomposed, the material supplied 

is so heavy and so impenetrable to the influences of weathering that soil profile devel¬ 

opment proceeds very slowly. Throughout a large part of western South Dakota, 

therefore, especially south of a belt 50 miles wide along the North Dakota boundary, 

the soils are immature, or have developed into what we may describe as soils with¬ 

out normal profile. These shales are known to contain a small amount of salts, 

and because of the heavy texture of the material furnished by their disintegration 

the salts do not leach rapidly. Probably because of the presence of these salts a 

profile has developed on the smooth uplands containing a hard, heavy, tough, in¬ 

tractable clay layer at a depth ranging from 12 to 20 inches from the surface. The 

surface soil is dark colored, assuming the general characteristics of the belt in which 

it occurs. 

The zone of carbonate accumulation is not noticeable, presumably because 

sufficient time has not yet elapsed for its accumulation in material in which the rate 

Figure 47.—Profile of a Brown soil, near Fort Benton, Mont. 

of soil development is so slow as in this. The heavy layer may be designated as a 

Solonetz, or at least a Solonetzlike layer. In some places it is so fully developed that 

it causes a certain amount of water logging in the layer immediately above it and 

causes the development of a gray layer between the surface horizon and the Solonetz¬ 

like layer. These soils have been identified temporarily as members of the Dawes 

series; but as no detailed mapping has been done in the area, this identification is not 

absolutely certain. 

In the extreme southeastern part of western South Dakota, lying immediately 

west of Missouri River and north of the Nebraska boundary, is an area of Daniels 

soils. A similar soil is mapped in a narrow belt surrounding the Black Hills in the 

western part of the State, the greater part of the Black Hills being mapped as rough 

stony land, although within them are considerable areas of moderately well-devel¬ 

oped soils, some of which are known to be Chernozems, whereas others, belonging 

to the various members of the Pedalfer group, are known to occur. In the mountain 

regions of the West, where the soils around the mountains consist of the lighter colored 

members of the Pedocals, a succession of soil belts occurs from the base upward in 

which the soils become progressively more and more podzolic. Where the mountains 

rise from the desert, the first belt above the desert consists of Brown soils succeeded 

by a belt of Dark-Brown soils, and this in turn by Chernozems, while still higher the 

Gray-Brown Podzolic soils are found. In most cases, however, the material is not 

allowed to lie in place long enough for normal profile development to take place, so 

that in the actual fact, within the United States a well-defined succession of these 
belts rarely occurs. 

The soil map shows the extension of the Rosebud soils in southeast Montana and 

northeast Yyoming westward to the foot of the Big Horn Mountains. It shows also 

a very narrow belt of Daniels soils lying immediately beneath the eastern foot of the 

mountains. In western Nebraska and eastern Wyoming the Rosebud soils are also 

shown in an almost continuous area westward to the foot of the Laramie Mountains. 

North of the north end of the Laramie Mountains and southeast of the Big Horn 

Range is an area mapped as Otero soils. This is the name given to the Brown soils 

of the central part of the Great Plains area. This area in Wyoming, an area on Platte. 

River in the vicinity of Denver, and another on the upper Arkansas River, extending 

from the foot of the mountains west of Pueblo eastward, constitute the Otero soils 

of the Great Plains region. The soil series was created in order to cover the normally 

developed upland soils occurring in the Arkansas River Basin in the vicinity of Pueblo. 

The series includes soils with the usual loose, or mulchlike, thin surface layer and an 

underlying, firm, structureless layer, or horizon, brown rather than dark brown in 

color, and this, in turn, is underlain by looser material which may or may not break 

into prisms on exposure. 
The zone of calcium-carbonate accumulation lies at a depth of less than 2 feet. 

It will be noticed that these three important areas of Otero soils occur, two of them at 

low elevations, one along Arkansas River and one along Platte River, whereas the 

third, or the one in eastern Wyoming, is an eastern extension of the desert or very dry 

region of central Wyoming. The northern, or Wyoming, area lies also in the upper 

basin of North Platte River and may also be regarded, therefore, as occurring in a 

lowland area. The Arkansas and Platte River belts in eastern Colorado are connected 

in their eastern part, their western parts being separated by an eastward projection 

of a highland area extending eastward from the foot of the Rocky Mountain Range 

between Denver and Colorado Springs, in which the soils have been mapped as 

members of the Rosebud and Daniels series. 

The Rosebud soils have been mapped in a semicircular belt around the rim of the 

area and the Daniels in the central part. The reason for the extension of the Rosebud 

soils westward across Nebraska to the foot of the mountains in eastern Wyoming lies 

in the rather high elevation of the plains in this area. 

The central Wyoming belt of Otero soils extends southward west of the Laramie 

Range and occupies the greater part of the Laramie Basin. It has been extended 

on the soil map into the region of central Wyoming along the Union Pacific Railroad 

and extends southward into a high-plains region of northwestern Colorado surround¬ 

ing Craig, Colo. The high mountain basin known as North Park in north-central 

Colorado, lying immediately south of the Saratoga Basin, is also occupied by the 

Rosebud soils. 

The range of mountains constituting the Rocky Mountain front on the inter¬ 

national boundary in western Montana is the boundary between an almost unbroken 

stretch of grassy plains extending eastward for hundreds of miles and a stretch of 

forested mountains to the west. It extends southward as a continuous range almost 

to the Idaho-Montana boundary. South of the latitude of Great Falls it does not 

constitute the boundary of a great stretch of unbroken plains to the east and a moun¬ 

tainous area to the west, but east of a narrow lowland belt lying at the foot of the 

main range lie a number of isolated ranges varying in length from a few miles to a 

hundred miles in the case of the Big Horn Range in Wyoming. These may be looked 

on as outliers of the Rockies, lying out in the Great Plains. Between these ranges lie 

lowland belts which may be considered outliers of the Great Plains, in some of which 

moderately dark colored soils have developed under rainfall somewhat higher than 

that on the neighboring plains (Fig. 47). One such area of considerable size is the 

Judith Basin and another the Gallatin Valley. In the latter the soils are dark in 

color near the surrounding mountains only and light in color in the interior of the 

basin. In other and probably a majority of cases, these valley basins are drier than 

the neighboring Great Plains. It is among these isolated mountain areas, including 

those in Yellowstone National Park, that the several rivers which finally unite to 

form the Missouri have their source. 

These lowland belts, however, are not river valleys but are structural lowlands 

which range from a few miles to more than 40 miles in width and consist of valley plains 

bounded by mountain ranges. Within the mountain masses and ranges there are 

also a great many areas of high plateau surfaces, smooth enough for the development 

of at least a subnormal soil profile, and most of these plateau surfaces are covered, or 

were covered under natural conditions, by grass. They also, therefore, may be 

regarded as Great Plains outliers. With few exceptions they all lie within areas of 

low rainfall, the surrounding mountains causing the precipitation of most of the 

moisture, the valleys of lowland belts receiving a small amount. They receive enough, 

however, to allow the growth of some grass, but the density of the grass cover, and 

therefore the darkness of the soils, is different in different valleys. 

As a general rule the high grassland plateaus within the mountain masses have 

dark-brown soils, and the border belts of the valley basins adjacent to the mountains 

have similar soils. The interiors of the valley basins, however, are covered, as a rule, 

with Brown soils. Some soils on the high plateaus belong with the Chernozems. 

Recent work has shown, for example, that the soils in the east-west belt along the 

northern slope of the Little Belt Mountains, southeast of Great Falls, have developed 

a good Chernozem profile. (See p. 77.) The lowland belt lying immediately east of 

the Rocky Mountain front, from some 50 miles north of Helena southward to the 

vicinity of Three Forks, and that lying along Missouri River, from Three Forks to 

the vicinity of Wolf Creek, contain Brown soils, having developed under low rainfall. 

The soils in most of the valleys south and southwest of Three Forks, as well as those 

in the southern part of Gallatin Valley, are in part Dark-Brown soils and in part 

Chernozems, the latter occurring only in the upper end, and therefore in the higher 

parts of these lowland belts. The western part of Gallatin Valley is covered by 

Brown soils. Eastward, however, the soils are darker and in the vicinity of Bozeman 

and thence eastward to the foot of the bounding range seem to have a profile approach¬ 

ing that of the Chernozems. The soils in none of these lowland belts south of Great 

Falls have yet been identified as to series, and the only information we have is what 

has been gained as a result of rapid observation in traveling across the region in the 
normal progress of the soil survey woi’k. 

All of these lowland belts are structural, so far as their geological origin is con¬ 

cerned, but the existing soils have developed largely, if not entirely, from material 

carried into them from the adjacent mountain ranges after they were formed as 

structural lowlands. The soils have been derived from water-laid materials which 

range widely in character, depending on the character of the material of the adjacent 

mountain slopes. In detailed mapping they will be differentiated into a large num¬ 

ber of series, but enough is known of them to warrant placing them in the great groups 
as indicated. b 

North of the latitude of Great Falls the soils along the Rocky Mountain front 

constituting the series of narrow belts of the main Pedocal groups, as has been indi¬ 

cated, have also developed from water-laid material. After the uplift of the Rocky 

Mountains, streams flowing from the mountains onto the Great Plains carried loads 

of coarse material, consisting mainly of gravel, which were deposited as a great apron 

spread out on the Great Plains from the mountain front. This apron was deposited 
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presumably, in Pleistocene time, but the identification of the geological age of the 

deposits is not vital to the interpretation of the character of these soils. Since its 

deposition this great apron has been deeply dissected, the depth of dissection being 

greatest along the Rocky Mountain front and decreasing eastward. As a result of 

the dissection the apron has been cut into a number of isolated tablelands with more 

or less perfect tableland surfaces separated by relatively broad valleys. Because of 

the mesalike form of these areas and belts, the region, taken as a whole, is often 

designated as the bench belt of the western Great Plains in Montana. In fundamental 

characteristics these benches, however, do not differ geologically from the material 

filling the valleys farther southward, which may be considered as southward exten¬ 

sions of the bench belt, although dissection in these southern lowland belts has not 

been so great, and the lowland belt surfaces are continuous lowlands rather than 

isolated benches separated by valleys. 

As already explained, the soils of these benches differ in color according to their 

distances from the Rocky Mountain front. Immediately along the front they are 

black, eastward they become lighter in color, and in the vicinity of Cut Bank, where 

the belt is broadest, their color approximates that of the Joplin soils. They belong, 

therefore, in the Brown soil belt. 

The bench belt may be extended eastward a short distance south of Great Falls 

along the north front of the Little Belt Mountains, though the greater part of this 

region is made up of material accumulated by the decay of country rock in place or by 

processes other than the deposition of gravel. The largest continuous, or presumably 

continuous, area of the gravel deposits within the State begins in the vicinity of the 

western boundary of Judith Basin County and extends eastward entirely across the 

county and for a considerable distance into Fergus County. This area, made up 

mainly of bench land or of smooth land underlain by thick deposits of gravel, is at 

least 50 miles long and has an average width of about 25 or 30 miles. It is an area 

surrounded by a discontinuous belt of mountains. Along the southern part of the belt 

the Big Snowy Mountains extend as an almost continuous range along the whole 

length of the basin. Northeast of the eastern end, lying south of the village of Roy, 

is an isolated mountain area, and a smaller one lies a few miles to the west. Thence 

westward the northern boundary is open until the southwestern part of Chouteau 

County is reached, where it is occupied by the Highwood Mountains. 

This series of surrounding mountains seems to constitute the physiographic 

environment which has produced local climatic conditions, especially those of rainfall, 

which are responsible for the fundamental character of Judith Basin soils so far as 

their true soil characteristics are concerned. The gravel deposits have had nothing 

to do with the development of their characteristics as soils, other than such subordinate 

characteristics as texture which has been inherited from the character of the gravels 

rather than caused by their existence. These soils are dark in color and are predomi¬ 

nantly members of the Dark-Brown soils group, but in the periphery of the basin 

along the mountain bases the rainfall is high enough to have caused the development 

of a Chernozem profile. Such profiles are especially noticeable in the vicinity of 

Judith Gap and in a small region east of Lewistown. It is apparent also, although 

because of lack of detailed surveying specific knowledge is not at hand, that a Cherno¬ 

zem belt lies along the north foot of the Belt Mountain Range. As already mentioned, 

it is known that such a belt lies north of the Little Belt Mountains immediately 

southeast of Great Falls. 

The Judith Basin soils are mapped as Daniels. In soil characteristics they are 

essentially identical with the Daniels soils, although the gravel are not absolutely 

identical in character with those of the Daniels soils, and the geological periods during 

which they were deposited were not necessarily identical. The dark-colored surface 

soil is rather thin in most parts of the basin. 

The mountains surrounding the Judith Basin have not only been important factors 

in determining the character of the soils within the basin, but they have influenced the 

development of the soils outside of the basin in the Great Plains region adjacent to 

the mountains. South of the Big Snowy Mountains and the Belt Range the soils 

of the Great Plains are dark in color immediately along the bases of the mountains 

but become lighter with distance from the mountain bases. The soils in a belt 

extending southward almost to Musselshell River, like those within the Judith Basin, 

have been developed from gravel deposits. The gravel were spread out in the form 

of alluvial fans from the southern slopes of the mountains presumably at the same 

time that the gravel within the basin were spread out to the north. The belts of 

dark-colored soils, however, are much narrower in the Great Plains south of the 

mountains than within the basin. Similar belts of soils lie east of the main part of 

the Judith Basin and also on the north. In fact, the area of Scobey soils, already 

described as in the region south of Fort Benton, may be considered as a part of this 

belt of dark-colored soils lying on the Great Plains surrounding the enclosing moun¬ 

tains of the Judith Basin. 

In the Great Plains region, south of Musselshell River and north of the mountain 

spurs which run northward from the Yellowstone Park mountain masses, the soils are 

mainly members of the Brown soil group. A narrow belt of Dark-Brown soils lies 

around the foot of the Crazy Mountains, and Dark-Brown soils lie as a border along 

the mountain front south of Yellowstone River east of Livingston. They are shown 

on the map mainly as members of the Rosebud series. No detailed mapping has 

been done in this region, however. 

The western or mountainous part of Montana is so largely mountainous that it 

is shown on the soil map (pi. 5, secs. 3 and 4) mainly as rough stony land. This does 

not mean that there is no soil or vegetative cover in such a region but that the soils 

are shallow, consisting mainly of disintegrated rock or having a very imperfectly 

developed profile changing from place to place with the change in the character of 

the rock, since, as is well known, the character of the latter determines largely the 

character of young soils. The vegetation in the mountains is forest, mainly fir and 

western yellow pine, and the soils are Podzolic. In one north-south lowland belt 

several miles in width, the soils have developed the normal profile of the region and 

belong mainly to the Brown soil group with smaller areas of Dark-Brown soils. This 

lowland belt, known as the Flathead Valley in the northern part of the State and 

Bitter Root Valley in the southern part, is not occupied by any one river, but is a 

continuous lowland. The southern end is occupied by Bitter Root River and the 

northern end by Flathead Lake and by Flathead River for a short distance south of 

the lake. The belt is crossed by Clear Fork of Columbia River at Missoula, the 

stream entering it at that city and following it for a few miles before turning again 

to a northwestward course. The soils, like those in all mountain valleys of the 

West, are dark around the outer rim of the valley and lighter in color in the interior. 

In the Bitter Root Valley the east side has the darker soils. The soils in the Flathead 

part of the valley are dark colored, especially on the eastern side. Taken as a whole, 

however, they are members of the Brown soil group. Considerable areas of the 

southern end of the Flathead part of the valley are marked by the presence of a great 

number of “alkali” (Solonetz) spots. The darker colored soils in the mountain 

valleys of Montana generally are shown on the soil map in this Atlas as members of 

the Bridger series, and the lighter colored humid soils are shown as members of the 

Springdale series. In detailed mapping they will be separated into a large number 

of series. 

The Snake River Plains of Idaho are a part of the Great Basin, and the soils are 

mainly members of the various desert soils of this large physiographic region. Around 

the eastern border, however, the rainfall is higher and grass growth has developed a 

belt of soils darker than those in the desert. These soils lie not only along the eastern 

border of the Snake River Plains but also occupy a number of outlying lowland 

belts, one of which is the valley of Great Bear Lake in southeastern Idaho. In these 

places the soils, except certain poorly drained areas which have not developed a 

profile, are mainly dark-colored soils belonging mainly in the Dark-Brown group but 

to a relatively light colored phase of that group. They are mapped as members of 

the Ritzville series. This series of soils was established in the State of Washington, 

but the relatively dark colored soils of the eastern part of the Snake River Plains 

and its outliers in Idaho seem to belong to the same series. The Ritzville soils have 

developed from loess in both Idaho and Washington. 

At a somewhat higher altitude in the same region, occurring in rather narrow belts 

along the upper borders of the intermountain valleys, especially along the upper 

course of White River in the northwestern Colorado region, a dark-colored soil, 

almost as black as a Chernozem and probably belonging to this group, has been 

mapped as Meeker. This soil has not been identified in detailed soil mapping, but 

it is known to occur in limited areas. It seems to have developed under a rainfall of 

about 20 inches and is covered partly by grass but mainly by Artemisia and scrub 

oak. The latter occurs in small patches scattered here and there throughout the 

area, giving a parklike expression to the landscape. Similar soils occur in many 

places along the western side of the Colorado range, and a belt of such soils covered 

with about the same kind of vegetation is shown on the map in a rather large 

area extending northward from west-central New Mexico, across northeastern Arizona, 

and into southeastern Utah. The soils in this belt lie to the east of the Otero belt 

which occupies the basin of Little Colorado River from the New Mexico boundary 

northwestward practically to the Utah boundary. These soils are rather wide¬ 

spread in northwestern New Mexico and northeastern Arizona, as well as southeastern 

Utah and adjacent parts of Colorado. They are important soils in the upper San 

Juan River region of southwestern Colorado and adjoining parts of New Mexico. 

An attempt has been made in constructing the soil map to cover with the Meeker 

soils all known areas of dark-colored soils lying around the mountain bases of the high 

plateaus of the Southwest, especially in the region where the vegetation consists of oak 

chaparral. They constitute the soils developed under a higher rainfall than that under 

Avhich the Otero soils have developed, especially the Otero soils as they are mapped 

in the high plateaus of northern Arizona and New Mexico. It is well known that 

the Otero soils in this region have a less well developed grass cover than the Otero 

soils in their typical area of the upper Arkansas Valley in the Pueblo region, yet 

taken as a whole they are similar. In this connection it should be borne in mind 

that the mapping in all of this region is based on very general knowledge obtained 

in the course of traveling across the country in the progress of the soil survey work, 

but none of it has been obtained by detailed study of the soils of this region. When 

the soils of the region have been studied and mapped in detail, it is probable that the 

pattern of soil distribution will be entirely different from that shown on the soil map in 

this publication. 

Another soil series shown on the map, associated more or less intimately with 

the Meeker soils in New Mexico and Arizona and to a slight extent in Colorado, has 

been designated as the Deschutes series. These soils occur either near the water¬ 

sheds between the streams flowing northward or northeastward to the Colorado 

and those flowing southward into Gila River or Rio Grande. They occur on the 

high plateau of this region and in most cases near its southern boundary. They 

are somewhat darker than the Meeker soils and have developed under a more con¬ 

tinuous grass cover. They occupy the shallow grass-covered basins in the plateau 

of New Mexico in the Magdalena and Datil region and on the southern edge of the 

plateau in the vicinity of Springerville, Ariz., and eastward into New Mexico. Still 

farther west they occupy isolated areas in the vicinity of Snowflake and Shumway 

in Arizona and larger areas farther west along the southern part of the plateau 

south of Williams and Flagstaff. 

At a still higher altitude, in the same region, where the vegetative cover consists 

of timber but the rainfall is not sufficient to allow the development of a dense timber 

cover, the soils, being light in color and the profile imperfectly developed, are shown 

on the map as members of the Encina series. These soils have not been studied in the 

regular field service of the Soil Survey, and their definition and distribution are based 

on very general information only. The color seems to be somewhat darker than that 

of the true Podzolic soils, but they seem to have been deprived of such carbonates 

as were present in the parent material and no accumulation of carbonates seems to 

have taken place. Their distribution, as shown on the map, has been determined to a 

considerable extent on the basis of elevation above sea level and other geographic 

factors. Such soils are known to occur, and the general geographic environment 

causing their development is known in a very general way, but their distribution in 

mapping is the result of an attempt to interpret the distribution of the environment 

rather than of the soils themselves. These soils are associated with another group, 

known as the Melbourne series, occurring mainly, however, in Oregon, whose char¬ 

acteristics were determined by detailed mapping under Oregon conditions. It is 

well within the range of possibility that the latter soils do not really occur in any part 

of the area of Encina soils as shown on the map. The Melbourne series is well estab¬ 

lished, but has been identified in the detailed field study of soils in the Pacific North¬ 

west only, and has been confined to slightly dark colored Pedalferlike soils developed 

under combined open woods and a grass cover, from material accumulated by the 

disintegration of sandstones. 
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In the San Luis Valley of the upper Rio Grande in southern Colorado, a con¬ 

siderable part of the soils has been mapped as belonging to the Onyx series. Little 

is known about these soils, except that they have developed under a grass cover 

and are not well drained. They are dark colored and have been subjected to rela¬ 

tively high ground water. 
Another soil, occurring mainly in the valleys of Utah, has been mapped as the 

Hyrum. The Hyrum soil series was established in Cache Valley, Utah, and consists 

of dark-colored soils developed from water-laid material deposited in ancient Lake 

Bonneville. These soils are dark because of their occurrence around the rim of the 

Cache Valley Basin, in situations where, because of their nearness to high mountains, 

the rainfall has been sufficient during the progress of their development to cause a 

vigorous growth of grass and other shallow-rooted vegetation. Soils of the same 

general character occur in the valleys of the Wasatch Range in Utah over considerable 

areas and in important areas in the Flathead Basin and other similar mountain basins 

of Montana. They are not all included in detailed mapping as members of the 

Hyrum series, but they are, in general, comparatively dark colored soils and have 

been developed from water-laid materials under the influence of a relatively high rain¬ 

fall. In the larger basins, such as the Roosevelt Basin in northeastern Utah, soils 

with the general characteristics of the Hyrum occur more abundantly around the 

rims of the basins and lighter colored soils are in the interiors. Soils of the same 

general character occur in the small Vernal Basin in northeastern Utah. It is well 

known also that dark-colored soils occur in relatively smooth areas on high plateaus 

within the Uinta Mountain region of Utah. They have never been studied, and the 

details of their characteristics are wholly unknown. Their presence has been deter¬ 

mined mainly by the fact that they are used in places by the Mormon farmers of the 

Vernal Basin for the production of dry-farmed wheat. 

A similar area of dark-colored soils, used also for the production of wheat, lies in 

southeastern Utah in the Monticello region. This is a watershed region, one from 

which drainage radiates northward, westward, and southward, and it attains such an 

elevation as to cause a rainfall high enough to have developed sufficient vegetative 

cover throughout the period of soil development to give the soils a dark color. 

The soils along the top of the Tavaputz Plateau bounded on the south by the 

Book Cliffs, a conspicuous topographic feature lying just north of the Denver & Rio 

Grande Western Railroad in a long stretch extending from some 20 miles east of 

Grand Junction, Colo., westward to Price, Utah, in a narrow belt, are dark colored, 

although they are covered with brush. They are almost dark enough to be mapped 

as Chernozems and have a well-defined zone of calcium-carbonate accumulation. 

Figure 48.—Profile of Palouse silt loam, near Pullman, Wash. 

The width of the belt, however, is very slight, and north of it the soils soon become 

light in color, similar to the light-colored members of the Pedocal group. 

Detailed soil mapping, or even soil mapping of a definite kind on any scale, has 

not been attempted in the Great Plains of eastern New Mexico. It is known that 

the soils are typical southern Great Plains soils. They include darker colored and 

lighter colored groups and have developed under grass or grass and brush cover. The 

darker colored members lie on comparatively smooth surfaces, have a relatively well 

developed zone of lime-carbonate accumulation, have developed on material of rela¬ 

tively recent geological age, probably Tertiary, and have attained maturity of devel¬ 

opment under the conditions existing in the region. They are about as dark as the 

Dark-Brown soils. They are darker than the Brown soils of the Otero series and are 

shown on the map as members of the Springer series. This is a series which has not 

been officially established in the detailed mapping of the Soil Survey, but the soils are 

known to cover the greater part of the Great Plains of northeastern New Mexico, 

especially that part stretching along the mountains and extending eastward for a 

distance of about 50 miles. They extend northward also beyond New Mexico into the 

region of the Trinidad Mesa in Colorado and northeastward to the high plains of 

Texas. These soils are somewhat darker than those lying immediately east of them 

in New Mexico and Texas, because that part of the plains lying near the mountains 

receives higher rainfall than the part farther away. This is merely an expression of the 

same relationship shown throughout the western part of the United States, the simplest 

and clearestillustrationsof this relationship consisting probably of the Rocky Mountain 

border belt and the Judith Basin in Montana. 

The Springer soils extend southward from the northern Panhandle of Texas in a 

narrow belt to the northern boundary of the western extension of the Edwards Plateau 

a few miles south of Midland, Tex. Throughout this belt they are sandy, the sand 

layer being thicker than the solum over an important part of the belt. The sand is 

underlain by red clay containing abundant calcium carbonate. The sands are reddish 

below the dark-brown or dark reddish-brown surface soil. In the comparatively small 

areas, where the soils are not sandy, they are shallow, overlying a limestonelike rock 

consisting of the indurated zone of carbonate accumulation. This indurated horizon 

constitutes the hard bed in the escarpment forming the western boundary of the high 

plains in southeastern New Mexico. 

South of the southern end of the sandy Springer soils in Midland County, Tex., 

the soils are heavy, shallow, dark brown, and underlain by limestones and calcareous 

shales. These soils and the shallow dark-brown soils north of the Springer sand are 

members of the Reagan series. They, especially those south of Midland, are young- 

soils, the carbonates (parent rock) in the surface horizon not yet having been removed. 

Another area shown on the map as Reagan soils, but in which the identification is 

based on very general information only, lies on the ridge between Pecos River and 

Rio Grande in New Mexico. On top of this ridge, in an area a few square miles in 

extent, where the rainfall is sufficient to cause the growth of a yellow-pine forest, the 

soils are mapped as Kaibab. These soils are members of the Gray-Brown Podzolic 

group, but have been differentiated from the soils in other parts of the West and South¬ 

west, developed under a cover of yellow pine, because of their development, in New 

Mexico and in a few other localities where the Kaibab soils are shown on the map, 

from limestones. 

A Brown soil developed from limestone material, belonging in the same great 

group as the Otero soils, lies along the slopes of this ridge below the level of a belt 

covered with a thin stand of yellow pine, in which the soils are included with the 

Encina soils. This soil is reddish brown and shallow. It occurs in a number of locali¬ 

ties in New Mexico and in southern Arizona, especially along the international bound¬ 

ary east and west of Douglas, Ariz. It is usually associated with the Encina soils in 

this region, but the latter have a redder color here than in the more elevated situations 

which they occupy in Colorado and adjoining States. They are associated with a 

group of still darker soils identified as members of the Elgin series. The latter have 

developed under a comparatively light grass cover. They occur in most perfectly 

developed form in the plateau region lying from 50 to 60 miles south of Tucson, Ariz. 

They also extend northward along the watershed between the Santa Cruz and San 

Simon Rivers as far as the line of the Southern Pacific Railroad immediately west of 

Benson, Ariz. They are also well developed in the vicinity of Bisbee, Ariz., and mark 

the southern border of the desert region of southern Arizona and New Mexico and the 

beginning of a high mountainous plateau country which apparently occupies a con¬ 

siderable area of northern Mexico where the rainfall is higher than in the basins of the 

Gila and Salt Rivers, Ariz. Soils of similar character, although not shown on the map, 

occupy the higher parts of all the intermountain plains of this southern desert region 

and occur in a number of places on the southward slope of the high plateau of northern 

Arizona. 

A large area of Otero soils lies along the upper Pecos River and extends north¬ 

eastward into the western part of the panhandle of Texas. It occupies in part a 

rather thoroughly eroded region on which the grass growth is not vigorous. That 

part of the soil lying above the zone of carbonate accumulation is thin, in many places 

only a few inches thick, and in many places the fine material overlying the lime zone 

seems to have been derived from the decomposition of the limestone, consisting in 

much of the area of indurated caliche material. This belt extends southwest- 

ward to the Gray Desert soils of the Rio Grande basin. Other areas of Otero soils 

are shown on the map in a number of localities. No field studies have been carried on 

Figure 49.—Profile of Palouse silt loam, near Pullman, Wash., showing Solonetzlike horizon with overlying gray zone and under¬ 

lying carbonate zone. 

in this region, and the differentiation of these soils into units, as well as their distribu¬ 

tion, is based on very general knowledge only and can not be considered, so far as 

details are concerned, much better than guesswork. 

On the slopes of the escarpment rising from the desert of southern Arizona and New 

Mexico to the high plateau of the northern parts of these States, the Aiken soils have 

been mapped in two or three localities. These soils are humid soils belonging typi¬ 

cally in the Pacific coast region of Oregon and the humid parts of California. They 

are young to submature soils, so far as profile development is concerned, are red or 

somewhat red-brown in color, and are derived from material accumulated by the dis¬ 

integration of basalt and other dark-colored igneous rocks. In this region they are 

immature because of their occurrence on uneven surfaces, but in most of the Pacific 

northwest they consist of material that, in its accumulation in place, has been sub¬ 

jected to very strong, apparently lateritic leaching. They are Podzolic soils. 

THE SOILS OF EASTERN WASHINGTON AND OREGON 

A miniature Great Plains area occupies a part of eastern Washington and extends 

as a fringe southward and westward into Idaho and Oregon, following the northern 

slope of the Blue Mountains. In extreme eastern Washington and western Idaho 

the soils are humid soils developed under a rainfall of 30 or more inches, have been 

subjected to the influences of timber cover throughout their period of development, 

and have developed a podzolic profile where the material has lain in place long enough 

for such development. Although most of the region is mountainous, considerable 

areas of soils belong, apparently, to the Gray-Brown Podzolic group. The soils of 

the Helmer series, which is rather widely distributed in eastern Washington and 

western Idaho, and certain other series, from point of view of fundamental soil 

character, constitute the important members of Gray-Brown Podzolic soils in this 

area. The true Helmer soils have developed from loess, their parent material being 

merely an eastern extension into a humid part of eastern Washington and Idaho 

of a large area of loess occupying most of the State of Washington east of Columbia 

River. 

Westward from the area of Helmer and associated soils, the timber cover dis¬ 

appears, and the soils have developed under grass cover in an environment like that 

of the Great Plains. The soils are true Pedocals and occupy in Washington a series 

of north-south belts, each successive westerly belt consisting, a similar relationship 

to that in the Great Plains, of soils lighter in color than the belt immediately east of 

it. There is a succession from east to west, therefore, of Chernozems, Dark-Brown, 

Brown, and Gray soil belts, lying between Spokane and the Columbia River at 

Wenatchee. The most easterly of these belts is that of the Palouse soils (figs. 48 

and 49), constituting members of the Chernozem group. They occupy a belt about 
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50 miles wide, the eastern boundary at the northern end of the belt lying a few miles 

west of Spokane and the western marked by a north-south line extending from the 

junction of Spokane and Columbia Rivers southeastward and thence southward to 

the vicinity of Davenport. Thence the belt runs southward crossing the Columbia 

River just west of the mouth of Palouse River and from that point runs south and west 

parallel to the course of the Columbia, maintaining a distance of a few miles from 

that stream. These dark-colored soils occupy, therefore, the eastern part of the 

State of Washington and the higher northward slope, although not the top, of the 

Blue Mountains in Oregon. (Fig. 50.) They extend into Idaho, entering that State 

about halfway between Moscow and Spokane and leaving it a few miles south of 

Lewiston. They occupy a large area in the basin of Clear Water River in the western 

part of Idaho. The belt is considerably narrower in Oregon than in Washington 

since it occupies a rather steep slope, the upper part of which extends into a region 

where the rainfall is too high for the development of true Chernozems and the lower 

part into a region where the rainfall is too low. 

West of the belt of Palouse soils in Washington is a belt of soils shown on the 

map as Ritzville. This includes in this region, the equivalent of the Dark-Brown 

soils of the Great Plains. It ranges in width from 15 to slightly more than 20 miles 

in Washington, but not enough is known of its extent on the Oregon side to warrant 

making an attempt to show its distribution. It runs parallel to the western or inner 

boundary of the Palouse soils. 

The profile of the Ritzville soils, as well as that of the Palouse, is typical of the 

soils of the great group to which each series belongs. The Palouse soils are dark or 

almost black, the dark-colored layer ranging up to 18 inches in thickness, and the zone 

of calcium-carbonate accumulation is normally well developed. These soils occur in 

a region of uneven relief so that the zone of calcium-carbonate accumulation has not 

developed so well as in the Chernozem belt of Kansas or of the Dakotas. It is present, 

however, and easily recognized. The Palouse soils differ in one important respect 

from the soils of corresponding texture in Kansas and Nebraska in that they have no 

granular structure. It is not yet known why this is so, but it is presumably due to 

somewhat more extensive leaching than has taken place in the Chernozems of Kansas 

and Nebraska. Presumably these Chernozems are degraded though the other evi¬ 

dences of degradation usually apparent, such as the presence of gray coatings on 

such soil particles as may be found, are not present. The Ritzville soils, so far as is 

now known, are well-developed members of the Dark-Brown soils. The Brown soils 

are shown on the map as a belt of Portneuf soils which occupy a belt lying west of 

Figure 60.—Typical view in region of Palouse soils, near Pullman, Wash. 

the Dark-Brown soils, and finally in the great bend of Columbia River from Pasco 

northward the soils are gray, shown partly as Sand, partly as Quincy soils, and 

partly as Ephrata. West of this Gray soil area, which marks the area of lowest rain¬ 

fall, the soils become darker again, owing to increasing rainfall as the mountains are 

approached. A considerable area is shown as Portneuf, with small areas of Ritzville. 

THE GRAY SOILS 

Because of the fact that these soils, except in the small areas where irrigation is 

possible, are practically nonagricultural, little work has been done on them. A few 

areas have been mapped in the western part of the desert in California, in the eastern 

part of Utah (fig. 51), small areas in Arizona and New Mexico, and a considerable area 

in western Idaho. Some work has been done in central Washington and central 

Oregon. The soils, tentatively at least, placed in the Gray group or, in Russian 

terminology, the Gray Desert soils, occupy the Great Basin region extending from 

the foot of the Wasatch Range in Utah to the Sierra Nevadas. They extend north¬ 

ward into Washington, but their extension into Canada has not yet been demon¬ 

strated. The greater part of north-central Washington is occupied by low mountains 

in which the rainfall is a little too high for the development of Desert soils. For all 

practical purposes, the northern boundary of the large area of Desert soils may be 

considered the Columbia River in Washington. 

Southward from the Great Nevada-Utah area of the Great Basin these soils 

extend to the Mexican boundary and thence east through southern Arizona and 

New Mexico into southwestern Texas, the main body being interrupted by mountains 

a few miles east of El Paso. Other small isolated areas occur in intermountain basins 

in the trans-Pecos region of Texas. Three areas occur in western Wyoming, one west 

of the Big Horn Mountains, one north, and another northeast of the Uinta Moun¬ 

tains. All of these are shown on the soil map (pi. 5, secs. 3, 4, 5, and 6) as Jordan soils. 

That part of the Great Basin region extending approximately from the northern 

boundary of Nevada southward or southeastward as far as the Desert soils are known 

to occur, consists topographically of a series of isolated, short, north-south mountain 

ranges separated by long alluvial fans stretching from the mountains outward, the 

fans from adjacent parallel ranges meeting along the axial line of the lowland belt 

separating the mountains. In places where the fans do not actually meet along the 

axial line of the lowland, they are separated along this line by a flat area which is 

usually subject to flooding and known as a playa. The playas constitute, however, 

a very unimportant part of the whole region. The mountains, as a rule, contain no 

soils or an extremely thin layer of soil, much thinner than is present on the various 

mountains of the Rocky Mountain region. The mountains are either entirely bare 

or are covered with a very thin cover of brush except a few ranges much higher than 

the average on which open forests are growing on podzolic but immature soils. 

Practically all the soils of the region, except narrow belts of river alluvium, lie on 

the alluvial fans and playas and have developed or are developing from the materials 

of which the fans and playas are composed. The alluvial fans are in process of 

development, but deposition of material from which they develop does not take place 

over the whole surface of the fan at any one time. The streams which carry material 

from the mountains, during the occasional desert thunderstorms, onto the alluvial 

fans, shift from time to time and eventually distribute the material over the whole fan. 

In some part of every fan, therefore, the material is now accumulating or has accumu¬ 

lated so recently that no soil profile development has taken place. In other parts of 

the fans, accumulation took place a long time ago. 

According to information available at present, the dominant soils in the southern 

part of the Great Basin region, extending from southern Nevada southward and east¬ 

ward, are identified as members of the Mohave or closely related series. Enough is 

known to warrant the statement that in detail, many soils occur in the region, but the 

Mohave and closely related soils are the most important. In the central part of the 

region the Jordan soils are dominant, and in Idaho and Oregon members of the 

McCammon series occur over large areas. In the State of Washington, several 

series are shown on the soil map. Practically all the Desert soils, aside from color, 

have closely similar profiles. They differ, of course, in texture and in those charac¬ 

teristics which express the character of the parent material, but studies in the region 

have not been carried on to an extent sufficient to warrant an attempt to separate the 

Desert soils into minor groups. The Mohave soils, the predominant southern Desert 

soils, are differentiated from the others because they are reddish. The Jordan soils 

are brown rather than red although they have a very faint reddish tint. The McCam¬ 

mon soils are largely sandy, are brown or yellowish brown, having no suggestion of 

red, as a rule, and the same is true of the central Washington soils. The McCammon 

soils have been differentiated from the Jordan mainly on the basis of the character of 

the parent material. 
The Mohave soil series has been established by detailed work in the region, and its 

characteristics have been clearly defined. The Jordan and McCammon series have 

not been definitely established, and on the soil map in this publication they represent 

Figure 51.—Pumpkins grown under irrigation on a Weber (Desert) soil, near Hooper, Utab. 

areas of soils, the details of whose characteristics are almost entirely unknown. It is 

known in a general way that they are different from those of the Mohave series but 

that is about all. This difference is a difference of detail, however. 

Considerable areas of Lalionton soils are shown on the soil map in this Atlas, 

occurring both in Nevada and in Utah. They consist of fine-grained deposits laid 

down in the large lakes existing in this region in Pleistocene time, and most of them 

are more or less salty. 
Some rather large areas of Deschutes soils, another group established for this 

publication and map only and not yet officially defined, are shown in Oregon east of 

the Cascade Mountains and elsewhere. They are desert border soils, developed and 

developing in regions where the rainfall is sufficient to support an open cover of 

juniper trees. The grass cover is thin, and the soils are not so dark as the rainfall in 

the area where they are developing would indicate. The annual rainfall amounts to 

about 16 or 18 inches. The soils, because of the thinness of the grass cover, are 

darkish brown only. 
The typical desert profile, such as that of the well-developed Mohave soils, 

consists of a desert pavement at the surface. This consists of a layer of gravel and 

small stones, lying practically bare and kept bare of fine material by the wind, which 

usually forms a rather firm crust capable of bearing some weight, but in most places 

it is not sufficiently strong to bear the weight of a man. In walking over it the crust 

breaks and the gravels forming it sink half an inch or more, making a well-defined 

track in the pavement. The gravels of the pavement are embedded in a gray, almost 

white, fine-grained material which is usually extremely porous or vesicular. When 

removed, however, the material is so delicate that it falls to pieces easily in the hand. 

This material lies in the lower part of the desert pavement and extends downward for 

an inch or two. It constitutes the material into which the pavement is pressed when 

trod upon. It contains within it some gravel material also. This layer is underlain 

by a firm structureless brown or reddish-brown layer, forming the important part of 

the soil, the horizon in which lie most of the plant roots. This layer ranges from 5 

to 8 inches in thickness and may contain some pores and in extreme cases may be 

firmly cemented. It is underlain by the zone of calcium-carbonate accumulation 

when the soil is well developed or by alluvial-fan material if immature. Locally the 

zone of carbonate accumulation is indurated, especially on tlie old fans around the 

mountain bases and in the neighborhood of river bluffs. The material is usually 

reddish below the carbonate zone except in northern areas. The character of the 

alluvial-fan deposits depends on the character of the rocks in the mountains and the 

strength of the currents depositing them. In the Mohave soils the third horizon is 
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reddish brown, and the parent material also is reddish brown. In the Jordan soils it 

is less reddish, and in the McCammon and the soils of central Washington it is brown 

or may be slightly yellowish. 

Locally, considerable areas of sand dunes have accumulated in the desert region, 

and in such cases no soil profile of any kind has developed. No soil profile has developed 

in those parts of the alluvial fans where the material is now in process of accumula- 

tion. Such areas in California have been mapped as members of the Hesperia series. 

None of these soils, however, is shown on the large map. In the east-central part of 

the Great Basin in western Utah is a considerable area of soils mapped as Lahonton. 

Small areas of the same soils are mapped in western Nevada. These are merely 

light-colored desert soils developed from heavy lake-laid material deposited in ancient 

Lakes Lahonton and Bonneville. They are usually heavy, have no desert pavement, 

but the profile otherwise is typically a desert profile where the material is not charged 

with salts. Large areas are salty. 

The dominant natural vegetation in the southern part of the Great Basin is 

Covillea mexicana; in the northern part it is Artemisia tridentata, except on the sandy 

areas. On sands Artemisia jilifolia is common. On areas of heavy soils, where the 

relief is rather smooth and the water supply better than on the gravelly rather steep 

Covillea-covered fans, mesquite of two or three species is common. During the rainy 

season (July and August) in the southern part of the Great Basin the ground is cov¬ 

ered with a short growth of annuals. There is no real grass cover except in wet spots 

where coarse bunch grasses are common. A very sparse growth of bunch grasses 

occupies parts of the northern half of the Great Basin. 

Irrigation is carried on in the region on the smoother less sloping fans and on 

river terraces, in both of which situations the soil profile is typical of the desert, or 

on recent alluvial belts along the few rivers. In the Imperial Valley of southern 

California the irrigated land consists of alluvium and alluvial fans of the Colorado 

River delta and old deposits in the Salton Sea. 

SOILS OF THE PACIFIC COAST 

The distribution of the soils of the United States east of the Sierra-Cascade 

system is systematic and regular, leaving again the western mountains out of con¬ 

sideration, each of the great groups occupying a large area practically to the exclusion 

of the others. Although the soils are grouped entirely according to characteristics, 

each great group and major subgroup occupies a well-defined area. The United States 

Figure 52.—The results of logging operations in the forests of the Northwest on the Olympic and Aiken soils. 

may be subdivided, therefore, into a number of large areas which we may designate as 

soil provinces, in each of which soils of a given general character are dominant. 

This distribution of soils exists because of the corresponding distribution of the 

dynamic factors producing the soils of these great groups. When we come to the 

Pacific coast, however, because of the rapid changes in relief from place to place, the 

dynamic factors of climate and natural vegetation are not distributed uniformly over 

large areas. All gradations or combinations of climate and natural vegetation occur 

within a comparatively short distance. The Pacific coast region is mountainous, 

and within any mountainous region conditions differ widely within short distances. 

All the great soil groups which occur in the eastern part of the United States occur 

also in the Pacific coast region, but in no case do these great groups occur in areas 

large enough to make it possible to show their distribution on the soil province map. 

(PI. 2.) The Pacific coast region constitutes a region of its own, one may almost say 

a world of its own, and it is more convenient to discuss it as a separate geographic 

region than to discuss its soils as members of the great soil groups. The place occu¬ 

pied by each of the important soils in the scheme of the great soil groups can be 

mentioned in the brief discussion of the soils. 

Physiographically the Pacific coast region consists of two mountain ranges with a 

lowland belt between. Each feature extends more or less continuously from Mexico 

across the United States and into Canada. The Coast Range lies between the low¬ 

land belt and the Pacific coast; the Sierra-Cascade Range between the lowland belt 

and the Great Basin. The soils within the two mountain ranges consist to a con¬ 

siderable extent of freshly disintegrated material, differing widely from place to place 

according to the character of the underlying rock. Since soil studies have not been 

carried on in the mountainous region east of the lowland, nothing is known of the 

general character of its soils except that they are in general similar to the soils of the 

Rocky Mountain region and also to those of the humid region of the eastern part of 

the United States. Such development as has taken place, taken as a whole, is a 

development similar to that going on in the Pedalfers. The mountain ranges, 

however, where soil mapping has not differentiated the soils, are shown on the soil 

map as rough stony land. The soils which have so far been defined, identified, and 

mapped in this region he mainly within the lowland belt, but considerable areas lie 

within the Coast Range and some on the western slope of the Sierras. 

The northern end of the Pacific coast lowland consists of the low hilly region 

around Puget Sound. In the soil mapping, done several years ago in this end of the 

lowland, a number of soil series were differentiated. All of these soils, however, 

belong to the Pedalfer group. They are brown soils, slightly podzolic, and they 

constitute faintly podzolized members of the Gray-Brown Podzolic group. 

In the vicinity of Puget Sound the soil material has been accumulated by glacial 

processes. The Pedalferic soils developed from this material are shown on the map 

as members of the Everett series. They have developed under a dense forest cover, 

and although a great deal of organic matter is dropped to the soil from the trees, 

none of these soils has developed the Podzol profile except locally in the highest parts 

of the mountains. The organic-matter layer is thin, except where masses of decay¬ 

ing tree trunks and woody materials have accumulated, although much of it is made 

up of material from conifers, mainly fir. In few places is this layer more than 2 or 3 

inches thick, and it is not underlain by a bleicherde, or gray layer. The A horizon 

of the mineral soil is brown, not so light in color as is the corresponding horizon in 

the Gray-Brown Podzolic soils. The B horizon is a little heavier and somewhat 

lighter brown than the A horizon, eluviation not being noticeably developed. This 

layer, in turn, is underlain by the parent glacial material derived from crystalline, 

metamorpliic, and volcanic rocks, mainly the latter. 

Small areas of Springdale soils are associated on the map with the Everett soils. 

They differ from the latter mainly in the presence of a somewhat sandy subsoil. 

Most of the areas are small, and although differentiated in detailed mapping, are here 

included with the Everett soils. Spanaway soils occupy several square miles in the 

southern part of the Puget Sound region. They are rather conspicuous in the region 

because they constitute most of the very smooth land. In most cases the density 

of the foi’est growth is considerably less on these soils than on Everett soils, and as a 

result the grass growth is better and the soils have a somewhat darker color than 

soils of the Everett series. 

The Everett soils, being confined to the glacial region, do not extend south of the 

country immediately surrounding Puget Sound. The Springdale soils occur within 

the same general limits in western Washington but in eastern Washington and in the 

panhandle of Idaho they occupy important areas, everywhere in association with the 

Everett soils. 

The important alluvial soils of the Puget Sound Basin have been grouped for the 

purpose of this Atlas into one series, the Toutle. They range rather widely in the 

details of their features but consist, for the most part, of material brought from 

existing glaciers or from mountain-side young glacial material containing a high 

percentage of gray volcanic ash, some pumice, and other volcanic material. 

Small strips of Cliehalis soils occur along streams mainly south and west of the 

main Everett area. They are well-drained brown alluvial soils, the material being 

derived mainly from mixed sedimentary and igneous rocks. 

The Coast Range in Oregon, Washington, and northern California contains con¬ 

siderable areas underlain by soft brown sandstone. This sandstone, with its asso¬ 

ciated shales, occurs also in the interior lowland belt, especially in the Willamette 

Valley in Oregon. In the latter region the soils developed from material accumu¬ 

lated by the decay of this sandstone are similar in general characteristics to the 

Everett soils, but differ from the Everett in their darker color. This is not entirely 

true of the soils of this series occurring immediately along the Pacific coast where 

they developed under dense forest cover. In the Willamette Valley, however, the 

Melbourne soils, as these soils are designated on the soil map (pi. 5, sec. 4), have a 

distinct dark color, owing to their development under an open forest in which a grass 

cover was present. They are characterized by rather dark brown surface soils, 

very slightly podzolized, with yellowish-brown somewhat heavier subsoils. 

The dark color of the Melbourne soils is not confined to these soils alone but is 

characteristic of practically all the soils of the Willamette Valley part of the Pacific 

lowland. The important soils in the latter region, in addition to the Melbourne, 

include soils of the Willamette, Amity, and Aiken series, together with a narrow strip 

of Sacramento soils, differentiated into several series in detailed mapping, along 

Willamette River. The Willamette soils constitute the mature soils of the region, 

developed from material washed into the lowland belt from the adjacent mountains, 

and they consist to a considerable extent of material from basaltic rock. Like the 

Melbourne soils they were developed under a thin forest cover with considerable 

grass cover. They have a well-defined dark shade in their surface soil, but in other 

respects the profile is essentially identical with that of the Everett soils, with the 

exception that in some places the material beneath these soils is lighter in texture than 

that in the solum. The texture of the material differs within comparatively narrow 

limits. Enough eluviation has taken place to have developed a B horizon slightly 

heavier than the A horizon. 

The Amity soils are imperfectly developed, lying on flat surfaces on the floor of 

the Willamette Valley. They have developed under imperfect drainage. In some 

places, where drainage has been less perfect than normal, a heavy clay horizon has 

developed at a depth ranging from 15 inches to 2 feet. In other places the claypan 

has not developed, but the surface soil is light in color though not white. 

The Aiken soils are an important soil series, and they extend from Columbia 

River well into California. In the Columbia River region they lie within Willamette 

Valley and also on the lower slopes of the adjacent mountains. (Fig. 52.) In 

California they occur only on the mountain slopes in situations where the rainfall 

is high enough to cause the development of the Pedalfer profile. They are Pedalfers 

in process of development from material accumulated by the decay of basaltic rocks. 

Like all the soils within the Willamette Valley they are darker colored in the surface 

soil than the normal forested soil of the Pedalfer group. This is because of the 

fact that although they have developed under a high rainfall, the rainfall, because 

of its distribution, was not everywhere sufficient to maintain a dense forest growth, 

and a grass cover developed among the trees of the open forest. The B horizon, 

such as has developed, is reddish in color, and in California, because of higher tem¬ 

peratures, it is redder than in Oregon. In both localities the soil is a humid soil 
or Pedalfer. 

The Aiken soils as shown on the map include a considerable number of soils 

differentiated on the detailed soil maps of western Oregon and Washington where 

most of them have been mapped. (Fig. 53.) The dominant soils in this region 

have developed from material accumulated by the decay of basalts or from basaltic 

material carried into the valley by streams and allowed to decay on the valley floor. 

In both cases the soils, being young, are influenced by the strong character of the 

parent rock, this manifesting itself especially in the color of the soil, because of the 

high percentage of iron-bearing minerals in the rock. The Aiken soils occupy the 

higher parts of the eastern slopes of the Cascade Mountains in Oregon and Washing¬ 
ton, lying above the belt of Deschutes soils. 
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Although the soils of the Oregon part of the Pacific lowland are dark, all of 

them lying within the basin of Willamette River seem to be well-defined members 

of the Pedalfer group. South of the head of Willamette River, where the lowland 

is hilly, are many small areas in isolated valleys where, because of the surrounding 

topography, the rainfall is low. The soils have a well-defined dark color and a 

profile characteristic of members of the Pedocal group. It is rare to find anywhere 

in this region soils with a well-defined Chernozem profile. Such soils are present, 

however, especially in the Rogue River Valley in southern Oregon, in a considerable 

area although one not large enough to show on the map. These soils have developed 

from basaltic material, as have most of the soils of the valleys of northern California, 

north of Mount Shasta, and of southern Oregon. On the soil map in this Atlas 

(pi. 5, secs. 4, 5, and 6) they are shown as members of the Deschutes series. 

In the Rogue River Valley these soils are associated with light-colored soils 

having very striking characteristics, the development of which has not yet been 

worked out. The lighter colored soils have developed from relatively old (geologi¬ 

cally) alluvial deposits in the Pacific lowland. Although they have been subjected 

to the influences which have developed the Pedocals associated with them, they are 

wholly lacking in pedocalic characteristics. The latter have developed on the young 

and relatively young deposits of these lowlands, whereas the former have developed 

on the older deposits. Soils of this general character, the striking feature of which 

is an indurated horizon, in some cases taking the form of sandstone or conglomerate 

at a depth ranging from a foot to several feet, have been mapped as members of 

the San Joaquin series. 
The San Joaquin soils are typical California soils, but the soils with indurated 

layers in southern Oregon are included with the San Joaquin on the map in this 

publication, though in detailed mapping they are differentiated into other series, 

depending on the details of profile characteristics and on the parent material from 

which they have developed. In a few places in the basins of southern Oregon, 

where the rainfall at the present time is rather low, soils developed from granitic 

material accumulated by the processes of residual decay have somewhat the same 

profile. Such a profile is undoubtedly, therefore, the product of development and 

not a product of the parent material. 
A small area of Sierra soils is shown on the soil map (pi. 5, sec. 4) in southwestern 

Oregon. They are red or reddish slightly eluviated soils developed from material 

accumulated by residual decay of granitic rocks. Their profile is better developed 

than that of the Aiken soils, but the material is lighter in texture. This area includes 

some brownish soils from granitic material. The Sierra soils are typically developed 

Figure 53.—Logged-over land on the Olympic and related soils, Chehalis County, Wash. 

on the west slope of the Sierras in California. In the Oregon area they are less red 

than in their type region. 
The San Joaquin soils in California are developed mainly in a belt along the 

eastern side of the San Joaquin-Sacramento Valley, from Anderson southward to 

the south end of the valley. (Fig. 54.) The materials have been deposited in the 

valley by streams flowing from all parts of the Sierra Range, differing widely in 

lithologic character from place to place. 
In a few places soils of similar character have been given other names, but soils 

of the same general character form a broken, somewhat discontinuous belt from one 

end of the California lowland to the other. A string of isolated areas extends down 

the west side of the valley from the northern end to the bay region. In detailed 

mapping they are designated as Corning, Redding, and Tehama soils. They are 

all soils with indurated or very heavy layers in some part of the profile. In many 

cases the San Joaquin soils consist of a light-colored, usually brown or reddish- 

brown, surface horizon ranging in texture from sandy loam to clay and underlain by 

heavy columnar clay. The transition from the A horizon to the heavy clay is abrupt, 

the heavy clay lying, at least in places, though whether this is univeisal 01 not is 

not yet known, immediately above the indurated horizon. The heavy clay layer 

has the morphological characteristics of a Solonetz horizon, but studies have not 

yet been made on the material to determine whether it is such or not. 

The San Joaquin soils represent the extreme development of their particular 

characteristics. The Madera soils, associated with the San Joaquin soils m California 

and included with them on the soil map in this Atlas, have similar features but are 

in a much less advanced stage of development. They are brown, lie on smoother 

relief, and occupy such situations as to indicate geologically and physiographically 

their development from younger material than that from which the San Joaquin 

soils have developed. The indurated layer is poorly developed and may contain 

some calcium carbonate, whereas the indurated layer of the San Joaquin soils contains 

carbonates in very few places. In fact calcium carbonate may be considered entirely 

absent. 
Another group of soils associated with the San Joaquin and the Madera, in which 

an indurated horizon is only incipiently developed, in this case the induration being 

due to cementation by calcium carbonate, consists of the soils mapped as Fresno. 

The Fresno soils are younger than the Madera and San Joaquin. It is not yet certain 

whether they are developing in a line parallel to the development of the San Joaquin. 

It is not at all certain that the San Joaquin, and possibly also the Madera, are not the 

product of development under a former and different climatic environment from that 

now prevailing in the region. If this be the case the Fresno soils presumably are not 

undergoing development parallel to that of the San Joaquin. Much of the area of 

the Fresno soils has been impregnated, during the last half century, with alkali from 

seep water from higher lying irrigated areas, so that, as a whole, their real characteris¬ 

tics are obscure in the area of their occurrence. About all that can be said of them here 

is that they are light-colored soils without a heavy clay horizon and that they contain 

a zone of faint carbonate cementation and presumably of carbonate accumulation. 

The San Joaquin, Madera, and Fresno soils lie along the eastern side of the Sacra- 

mento-San Joaquin Valley and along the west side from the north end southward to 

Willows. 
One other important group of soils, occurring in two important areas, is on the 

east side of the valley. This is Stockton, represented by the clay adobe. This is a black 

soil in which the dark color extends to a depth of 2 feet or more and beneath which 

the soil material is impregnated with calcium carbonate. It is not yet known whether 

the carbonate constitutes a zone of accumulation, and therefore whether the Stockton 

soils can be correlated as members of the Pedocal group. One of the environmental 

factors which tends to make such correlation doubtful is their occurrence in low 

situations. The northern area lies a few miles south of Chico and between alluvial 

fans built by the American Fork of the Sacramento River to the south and Chico 

Creek and other streams to the north. The soils are subjected to excessive wetness 

during the rainy season but in summer become extremely dry, and because of their 

heavy texture wide cracks are formed in the surface soil. It is not known whether the 

characteristics of these soils are due mainly to their water logging through a con¬ 

siderable part of the year or to their development in a climatic environment which is 

undoubtedly very close to that under which Chernozems are developed. The annual 

rainfall is about 20 inches or a little more. It falls during the winter season, whereas 

the long summers are practically rainless. Soils developed under good drainage 

conditions and now characterized by a well-defined Chernozem profile are found in 

the region only a very few miles from at least the southern area of Stockton soils 

where climatic conditions are practically identical with those in the Stockton area. 

In addition to the soils already described, including those of the San Joaquin, 

Madera, Fresno, and Stockton series, a broad belt of alluvial soils lies along the axis 

of the San Joaquin-Sacramento Valley and considerable areas lie in fanlike forms here 

and there along the eastern side. Each of the latter areas is spread out fanlike from 

the point along the boundary of the valley where the large stream depositing it enters 

the valley from the mountains. These bodies always occur in fanlike form, the stem 

of the fan consisting of the river itself just above the point where it enters the valley. 

The fans range up to 20 or 30 miles in diameter both east and west and north and 

Figure. 54.—Bare spots on San Joaquin soils, near Oroville, Calif. 

south. These soils, which are members of the Hanford series, have no soil profile since 

they consist of freshly laid alluvium made up of material brought into the valley from 

the Sierras. The material is brown, nonc.alcareous, and usually sandy loam. These 

soils occur not only along the east side of San Joaquin Valley but also in the Los 

Angeles region and in other valleys in California, especially southern California. 

They constitute the highly productive soils of the region. (Fig. 55.) Along the axis 

of the valley, in situations subject to seep water and a great deal of flooding, the soils 

are sometimes impregnated with salts. 

The soils along the west side of the valley from the vicinity of Los Banos southward 

have developed under extremely low rainfall. This is also true of the soils on the east 

side of the southern end of the valley, but the large rivers entering from the Sierras 

have determined the character of the large areas of alluvial soils consisting of members 

of the Hanford series. The older soils on the east side of the valley, as already 

mentioned, seem to have developed under different conditions from those now 

obtaining. The soils on the west side of the valley, however, are the product of the 

existing environment. They are Desert soils, having developed under a rainfall 

ranging from about 16 or 18 inches at Los Banos to about 8 inches south of that place. 

They have the typical Desert profile similar to that of the soils in the Great Basin, as 

already described, especially in the southern part of the basin, and they are mapped 

as members of the Panoche series. North of Los Banos the rainfall is higher, sufficient 

to cause the development of dark-colored soils. The soils which have developed a 

regional profile on the smooth relief in the region extending from the vicinity or a short 

distance north of Los Banos northward to the latitude of Sacramento, are soils with a 

characteristic Chernozem profile. They are black, have well-developed structure 

and a well-defined zone of carbonate accumulation. This applies not only to the soils 

developed from material lying on the floor of the valley and accumulated by sedi¬ 

mentation, but also to materials lying on the lower slopes of the hills west of the 

valley and formed from material accumulated by the decay of sandstones, shales, and 

other rocks. 
The soils on the west side of Sacramento Valley, south of Willows, consist mainly 

of young alluvium derived from the eastern part of the Coast Range, where the rain¬ 

fall is relatively high and where the material is moderately well leached. Being 

young, they have not lain in place long enough to develop a profile characteristic 

the region in which the material has been laid down. Practically all the development 

that has taken place is the accumulation of some organic matter. They are brown 

soils without soil profile and are mapped as members of the Yolo and associated series. 
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A relatively important associated series is the Capay. These soils may be designated 

as slightly salty Yolo soils. Other soils along the western side of the valley, not 

including the Sacramento soils along Sacramento River, are older than freshly 

deposited alluvial soils, having developed from relatively old colluvial deposits. 

They have already been described as soils with a profile in general similar to that of 

the San Joaquin soils. 
Along the west side of the Sacramento Valley, mainly north of Woodland and 

south of Corning, is a comparatively important belt of Willows soils. They are 

brown, developed from young alluvial deposits by small streams flowing from the 

eastern, mainly sandstone, ranges of the Coast Range. They have a faintly developed 

profile, slightly better developed than that of the Yolo soils. 

Many isolated lowland areas lie inclosed within the ranges of the Coast Range. 

In many of these the soils have been mapped, and a great number of series have 

been differentiated. In general these soils may be grouped into two general classes— 

those consisting of fresh alluvium similar to the Yolo soils on the one hand, and soils 

developed from older material and therefore much older soils in which the profile is 

developing more or less definitely in the direction of the San Joaquin. 

In the vicinity of San Francisco and southward the number of soils differentiated 

in detailed mapping is very large. This is done partly on the basis of the character 

of the parent material and partly on that of profile development. The region is 

mountainous; the rocks are folded and consist mainly of sedimentary beds in which 

important changes in character may take place within very short distances. Most 

of the light-colored soils are very young, consisting of little more than accumulated 

parent material, and are mapped as members of the Altamont series. They extend 

throughout the humid part of the Coast Range. 

In only one locality south of San Francisco is the relief within the Coast Range 

smooth enough over an important area to allow the development of a series of soil 

belts corresponding to different climatic environments. This area consists of a dis¬ 

sected plateau lying around the head of Salinas River, extending mainly eastward 

from the city of Paso Robles which lies within the plateau and on Salinas River. 

The western boundary lies approximately 20 miles east of the coast and is separated 

from the coast by a range high enough to intercept much of the rainfall that would 

otherwise reach the region. The west side of this range is highly humid. Imme¬ 

diately east of it, in the vicinity of Paso Robles, the rainfall amounts to about 20 

inches. Eastward it decreases, except where it is comparatively high because of 

Figure 55.—Irrigated orange grove on Hanford soils in Orange County, Calif. 

higher elevation on ridges, more or less uniformly to the southern end of the San 

Joaquin Valley, where, as already stated, it amounts to about 8 inches only. 

A series of moderately well defined north-south belts of soils succeed each other 

from west to east, that containing the darkest soils lying along the west side of this 

series of belts; that containing the lightest colored soils lying along the west side of the 

San Joaquin Valley. Their recognition is rendered somewhat difficult because of the 

dissection, because of the occurrence of areas and narrow belts of highly calcareous 

parent material on which Rendzinas have developed, and because of a number of 

high ridges on which the rainfall is higher than on the lowland. The soils lying along 

the coast are Podzolic where maturely developed. 

In the vicinity of Paso Robles and eastward for several miles the soils are dark, 

not black but darker than those farther east. Eastward there is a progressive change 

to a lighter color until the light-colored Panoche soils are reached in the Antelope 

Plains some 40 or 50 miles east of Paso Robles. In smooth situations in the vicinity 

of Paso Robles the soil profile is characterized by a dark-colored surface soil, and at a 

depth of about 3 feet lime carbonate is present. These soils lie only on remnants 

of the plateau and in situations where the soils have developed from the underlying- 

shales and not from a bed of sandy material which seems to have been deposited on 

this plateau after it was developed as a plateau and before the dissection by which it 

is now characterized. Where this sandy material has been removed from these 

ancient plateau remnants the soil developed from the local material has the charac¬ 

teristics described. The soils developed from the old sandy material are relatively 

light in color and may consist of an ill-defined profile which could possibly be regarded 

as a sandy Chernozem, but because of their necessary occurrence on flat areas they 

have developed the indurated or heavy clay horizons which in southern California 

are almost invariably present in soils developed on such areas of relatively old 

deposits. These consist of claypans or liardpans. 

East of the belt of dark-colored soils is a belt of Dark-Brown soils, and this belt, 

in turn, is succeeded by Brown soils, and finally by the Desert soils of the Panoche 

series. Since the rocks, from which the parent material of these soils lias been 

accumulated by decay in place, are often calcareous, there are considerable areas of 

Rendzinas lying not only in the Paso Robles belt of dark-colored soils but also in the 

Dark-Brown and Brown belts east of Paso Robles. These Rendzinas are everywhere 

dark and because of their presence tend to obscure the normal climatic soil belts of 

the region. These soils are shown on the map as members of the Dublin series, and 

the Dark-Brown soils in the belt east of the Paso Robles area of dark-colored soils are 

shown on the map as members of the Encina series. 

The Salinas Valley, north of Paso Robles, assumes, within a short distance, the 

features of a moderately broad intermountain valley occupied by a moc eia e sizec 

river throughout its length. It is essentially an intermountain lowland belt occupied 

and modified by a river. The valley proper of the river ranges up to somew at 

more than 2 miles wide and is flanked by the upland of the lowland floor, consisting 

of smooth, gentle slopes of colluvial material spread out on the floor by small inter¬ 

mittent mountain streams. A number of lowland belts similar in origin to tie 

Salinas Valley lie inclosed within the mountains. The floors of these v alleys a so are 

covered by colluvial deposits. 
Along the coast and for a few miles inland the rainfall is sufficient to have 

produced slightly Podzolic soils, but from the city of Salinas southward the flooi o 

the valley has a rainfall ranging from about 10 inches on the lowland flooi to 20 

inches at elevations of about 2,000 feet above sea level and a still greater rainfall 

occurs on the higher areas. 
The soils on the main valley floor, and those of the lower lying subordinate low¬ 

land belts above Salinas, approach the soils of the San Joaquin series in general piofile 

features where developed on the older deposits. Those on the younger deposits, 

both in the river valleys proper and on the recently formed alluvial fans consist of 

loose, usually sandy material with no soil profile features other than slight accumula¬ 

tions of organic matter, whereas deposits of intermediate age are covered with soils 

in intermediate stages of development. The striking feature of the soils on the smooth 

lowlands of the whole region is the presence, in practically all of them except the 

youngest, of a solonetzlike profile in various stages of development. (Fig. 56.) On 

the soil map in this Atlas all these soils on the alluvial fans have been placed in 

the Placentia series, but in detailed mapping they have been differentiated into a 

considerable number of series of which only small areas have been identified as 

typical Placentia soils. 
The soils on the mountain slopes as a whole are dark, shallow, and contain large 

and small rock fragments usually in abundance. A large number of areas on the west 

slope of the range east of the Salinas Valley have been identified as Rendzina soils but 

it has not yet been finally determined that they are not approximately mature mem¬ 

bers of some series belonging in the Pedocals. Their association with soils identified 

as Kettleman, a series of soils developed only under very low rainfall, presents a 

problem for future solution. 

Figure 50.—Profile of a soil with a Solonetzlike horizon, near King City, Calif. 

Soils with heavy clay layers having all the morphological characteristics of 

Solonetz soils are of common occurrence along the coast of southern California. 

Their chemical characteristics have not yet been studied, so it is not definitely known 

whether or not they are true Solonetz soils. 

South of Santa Barbara the lowland areas west of the desert in southern California 

are practically all open to the sea. They consist of the Ventura and San Fernando 

Valleys, the large basin which may be designated as the Los Angeles lowland, the 

Imperial Valley, and the lowland along the coast south of Santa Ana. Small isolated 

areas of smooth relief, constituting imperfectly developed lowlands, lie in the low 

mountain region between the Pacific coast and the northward extension of the Im¬ 

perial Valley, but as they are all small the details of their soils can not be shown on the 

soil map. In those lowland belts, where the material underlying the lowland floors 

and constituting the soil materials have been derived from the sedimentary rock of the 

coastal ranges, the alluvial soils, which have not yet developed a profile, are mapped 

as members of the Yolo series. Those lying in more elevated situations and constitut¬ 

ing material washed into the valley at an earlier date and on which a soil profile has 

developed are shown on the map as members of the Placentia series. Numerous 

series have been identified and mapped in the detailed mapping of this region, but the 

area of occurrence of each one is so small that it is impossible to show its distribution 

on the map. The soil map in this Atlas represents a generalization of the soils in these 

small areas and expresses only the most general soil differences within them. Because 

of the small areas of these valleys, even this expression can not be well brought out 

because of the detail required. 

The dominant soils in the Los Angeles lowland and the San Fernando Valley are 

members, as shown on the map, of two general groups of series. One is shown as 

Hanford soils, the other as Placentia. The difference between these two is a matter of 

stage in development. The Hanford soils, as already explained in describing them 

as they occur in the San Joaquin Valley, are recent-alluvial soils and differ from the 

Yolo soils in having been developed from material derived from granitic rather than 

sedimentary rocks. The Hanford soils are brownish soils without soil profile, or essen¬ 

tially so, and are not calcareous. In some places in the Los Angeles region where the 

deep part of the subsoil has been subjected to ground water influence, effervescence 

takes place. This, however is not, as a rule, due to the calcareous character of the 

parent material of which the Hanford soils are composed but to impregnation by 

ground water. 

The Placentia soils have a well-developed profile, though apparently not entirely 

normal, derived or developed from material carried into the valley a long time ago. 
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They are noncalcareous, and the profile seems to be developing somewhat parallel to 

the development of the San Joaquin soils. The surface soil is brown. The subsoil 

ranges from yellowish brown to strong brown, is heavier than the surface soil, is some¬ 

what compact, and in some places is indurated. It is apparent also that in situations 

near the coast?the subsoil assumes the characteristics of a Solonetz horizon. Recent 

studies, as already stated, have shown the rather widespread distribution along the 

coast of such a horizon. Farther inland, however, instead of a Solonetz horizon, there 

is a tendency to induration. The important agricultural soils of the Los Angeles 

region are mainly members of the Hanford series, but the better members of the 

group shown on the map as Placentia are also under a high state of cultivation 

and are productive soils. 

Along the coast south of Los Angeles and between the coast and the mountains 

lying farther inland is a dissected plateau which seems to consist of an elevated sea 

bottom, in which considerable areas of undissected plateau surface still persist. On 

such areas the soils have developed, as a rule, profiles of extreme characteristics either 

containing solonetzlike or indurated horizons. It is not yet known what proportion of 

the total area is made up of such old soils, some of which belong in the San Joaquin 

group. The younger soils belonging to various series, depending on the character of 

the particular bed of material from which they have been developed and the stage of 

development attained, have been shown on the soil map in the Atlas mainly as Pla¬ 

centia, but in detailed mapping they have been differentiated into a large number of 

series. 
East of Oceanside the mountains bounding the coastal plateau consist of granite. 

In a rather small area around the towns of Escondido and Fallbrook the granite has 

weathered into a soil with a well-defined profile. The surface soil is dark brown, 

and the B horizon is well-defined bright-red clay or sandy clay. The B horizon is 

underlain by disintegrated granite. 

These soils are similar in general character to the soils occurring in many places 

along the western slope of the Sierra Nevadas from southern California northward. 

Most of them have been mapped as members of the Sierra series. It is now well 

known that they are not identical with, although highly similar to, the Sierra soils. 

They differ from the latter in that in some localities they have developed under a 

relatively high rainfall and a forest cover and in others under a rainfall about sufficient 

to favor the development of a Chernozem profile. This seems to be the case of the 

soils in the vicinity of Escondido, which have ill-defined Chernozem profile 

characteristics. 
The Imperial Valley and its northward extension, up to what is known as the 

Banning Pass, is part of the desert of southeastern California. The soils, however, 

are not all Desert soils, as the most important of them consist of freshly deposited 

material brought into the region by Colorado River and deposited in a northern 

extension of the Gulf of California. In recent geological times this area has been 

separated from the main part of the gulf by the fan across it built up by Colorado 

River which enters its eastern side rather than its upper end. The Imperial Valley 

soils consist of this freshly deposited material and are shown on the map as members 

of the Imperial series. Many series have been identified and mapped in detailed 

mapping, but their general characteristics are similar. Beyond the area of recent 

sedimentation the soils are Desert soils and have developed, in general, the characteris¬ 

tics of the Mohave series. 

COMPOSITION OF THE PEDOCALS 

COMPOSITION OF THE CHERNOZEMS 

The Pedocal belts extend across the international boundary from the United 

States into Canada, each of the belts running northwestward across that country to 

the foot of the Rocky Mountains. In making a rapid examination of the soils in 

the prairie provinces, several years ago, a sample of a Canadian Chernozem was 

collected from the vicinity of Krydor, about 70 miles northeast of North Battle- 

ford. The sample was analyzed in the laboratories of the Bureau of Chemistry and 

Soils, the results being shown in Table 151. 

Table 151.—Composition of a Canadian Chernozem, Krydor, Canada 1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical 2 

SiOz TiOz Fe2C>3 AI2O3 MnO CaO MgO KzO Na20 P2O5 SOs 
Igni¬ 
tion 
loss 

Total N 

CO2 
from 
car¬ 
bon¬ 
ates 

P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P.ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. 

fa64. 73 0. 39 3. 22 9. 76 0.147 1.70 1.00 2.03 1.45 0.17 0. 20 15. 55 100. 35 0. 557 
33020_ 1 0- 5 

Vb76. 65 .46 3.81 11.56 .174 2.01 1.18 2. 40 1.71 .20 .23 _ 100. 53 _ _ 

fa71. 02 .49 3.49 11. 27 .085 2. 27 1.38 2. 22 1.61 . 13 .07 6. 12 100. 16 . 152 1.01 
33021_ 2 8-14 1&75. 65 .52 3. 72 12. 04 .090 2.41 1. 47 2. 36 1.71 .13 .07 _ 100.17 _ _ 

/«59. 26 .40 3. 28 9. 95 .033 8. 40 3.13 1.85 1.34 .14 .07 12.11 99. 99 .129 7.78 
33022_ 3 14-24 

\&67. 42 .45 3. 73 11.32 .071 9. 55 3.56 2. 10 1.52 .16 .08 _ 99. 96 _ _ 

f «66. 11 .63 6.18 14.17 .048 1.97 2.19 1.85 1.27 .08 . 12 4.85 99. 47 .033 .85 
33023_ 4 24-65 ib69. 48 .66 6.49 14. 89 .050 2. 07 2. 30 1.94 1. 33 .08 . 12 — 99. 41 — — 

Sample No. 

33020- 
33021. 
33022_ 
33023- 

Hori¬ 
zon 

Depth 

Inches 
0- 5 
8-14 

14-24 
24-65 

Mechanical3 

Fine 
gravel 
(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

0.3 3.2 2.5 12.2 10.1 58.4 12.9 99. 6 

.8 3.4 2.8 8.3 17.6 56.1 11.4 100.4 

.4 1.6 .6 7.3 15.8 56.5 17.0 99.2 

.2 .3 .6 29.7 16.4 28.6 25.0 100.8 

i Collected by C. F. Marbut. 3 Analyzed by G. Edgington. 3 Analyzed by V. Jacquot. 

As in all the analyses, the results of which are presented in this publication, the 

composition of each horizon calculated to a mineral basis is shown. This shows at a 

glance the concentration of calcium oxide and carbonic oxide in horizon 3. Horizon 

1 contains no carbonates; 2, a small quantity; 3, about 16 per cent; and 4, the parent 

glacial till, practically unmodified except by a possible small accumulation of sul¬ 

phates, less than 3 per cent. Horizon 3 is clearly a horizon of carbonate accumulation. 

The accumulation of carbonates, in which both calcium carbonate and magnesium car¬ 

bonate presumably are present, masks the relative percentages of other constituents 

and especially the presence of any of these constituents in any horizon into which it 

may have been shifted by soil-developing processes. The presence of magnesium 

carbonate in the accumulated carbonates in horizon 3 is shown by the higher per¬ 

centage of magnesium oxide in that horizon than in the parent drift. 

Presumably all the accumulated CaO and MgO in the soil is present as carbonate. 

The 9.55 per cent of CaO includes therefore the original CaO and the shifted CaO, 

part of the former being carbonate and part in some other combination presumably 

silicate. There seems to be no means of determining exactly the percentage of waO 

in both forms present before concentration began. The only possible assumption, 

apparently, is that the amount in horizon 3 was the same as that in horizon 4, or 2.06 

per cent. On the same basis the percentage of MgO in 3 was 2.30. On the basis of 

this assumption the percentage of accumulated MgO is 1.20 and of CaO, /.49 or a 

total of 8.69 per cent of accumulated alkaline earth expressed as oxide. A slight 

correction is necessary in horizon 2 also. 
When the table of analyses for all the horizons has been recalculated after elimi¬ 

nating the accumulated material as described above, the resulting composition is 

as shown in the last three columns of Table 152. 

Table 152.—Sample of a Pedocal, Krydor, Canada 

Sample No. 
Depth 

in 
inches 

Ratios 
Molecular equivalent 

composition 
Percentage calculated 

to a total of 100 

Percentage calculated to 
constant percentages 
of CaO (2.08) and 
MgO (1.20) 

sa sf ba SiOz Fe2C>3 AI2O3 SiOz Fe2(>3 AI2O3 SiOz Fe2C>3 AI2O3 

33020 0- 5 11.27 53.31 1. 271 0. 0238 0.1131 83. 30 4.14 12. 56 76. 65 3.81 11.55 

33021 8-14 10. 71 54. 04 1. 254 .0232 . 1174 82. 75 4. 07 13.17 75.88 3. 72 12. 0/ 

33022 14-24 10.12 47. 74 1.105 .0232 . 1095 81.75 4. 52 13. 72 73.97 4.08 12.39 

33023_ 24-65 7. 95 17. 69 1.152 .0405 . 1453 75. 60 7.05 17. 34 69. 48 6. 49 14. 89 

The low percentage of silica and the high percentage of sesquioxides in layer 4 

(24-65 inches) is striking in amount and in position. If they occurred in layer 2, 

we should merely interpret the result as a product of podzolization. Occurring in 

the layer below the carbonate accumulation zone, it is evident that podzolization can 

have had nothing to do with it. The percentage of alumina in layer 1 is slightly 

lower than in 2 or 3, but the failure of the iron oxide percentages to run in a similar 

way but actually in the opposite direction constitutes strong evidence that the 

former is not due to podzolization. If the composition of layer 1 were recalculated 

to a CaO percentage of 2.06, this difference between alumina in 1 and 2 or 3 would 

be increased, but the iron oxide percentage would be increased also. 

The sa and sf ratios and the molecular equivalent composition, shown in 

Table 152, bring out the same relationships of the sesquioxides and silica as are 

shown in Table 151, but even more strikingly than in the latter table. This table, as 

well as that showing ratios and molecular equivalents, shows a higher percentage of 

sesquioxides in the layer below the zone of carbonate accumulation. The sf ratios 

are especially striking in this respect. The ratios in layers 1, 2, and 3, the latter 

being the carbonate accumulation layer, are rather uniform, though the accumulation 

of iron oxide, or decrease in silica, seems to have begun in the carbonate accumulation 

layer. In 1 and 2 the sf ratios are essentially identical. If incipient podzolization 

were present it should manifest itself in a difference of ratio between these two. 

Such difference as is present points to a slightly higher content of iron oxide in the 

5-inch surface horizon than in the layer below. The reverse would be the case if 

podzolization had taken place. 
The relation of the sa and sf ratios in layer 4, compared with those in the higher 

layers, shows that the sesquioxide accumulation in 4 concerns iron oxide mainly, 

the alumina being affected to a much less extent. The sf ratio in 4 indicates about 

three times as high a percentage of iron oxide in 4 as in 2 or 1 and very nearly that 

amount in 3. The concentration of iron oxide in 4 is shown also by the molecular 

equivalent composition where the iron oxide in 4 is about twice that in the other 

layers, while the alumina in 4 is only about 30 per cent higher than in the other 

horizons. The sa ratios indicate about the same difference. 

If the higher sa and sf ratios were the result of a serious loss of silica from layer 4 

the percentages of increase of iron oxide and alumina would be the same. Since 

these are widely different it is evident that it must be accounted for as an actual 

higher percentage of sesquioxides, of which the iron oxide increase is greatest. 

The shifting of sesquioxides or constituents other than the alkalies and alkaline 

earths can be clearly expressed by eliminating the accumulations of the latter group 

of constituents or by neglecting all the constituents determined, except the sesqui¬ 

oxides, and calculating these to 100. The results of this calculation are shown in 

Table 152. 
The relative magnitudes in the several horizons are essentially identical with 

those given in the table, calculated to a CaO percentage of 2.06 and show the same 

relationship of horizon composition as the table of ratios and of molecular equivalent 

composition. In this case it is evident that the method of calculating out the accumu¬ 

lated alkaline earths was approximately correct, but it seems to have no advantage 

over the ratios used in the discussion of the Pedalfers or the calculation of the sesqui¬ 

oxides and silica to 100. 
The percentage of sesquioxides is high and of silica is low in the parent drift 

when compared with the soil layers. It can not be stated on the basis of the data 

at hand whether this is wholly geological or in part pedological. No careful examina¬ 

tion of the locality was made with reference to ground water, but nothing suggests 

its presence. In the absence of more specific information it is assumed that it is 

geological entirely. 
No accumulation of sesquioxides in or above the carbonate zone has taken 

place. The neutral reaction of the several horizons shows that eluviation could not 

have taken place. 
The composition of another profile of a Canadian Chernozem, from the Indian 

Head, Saskatchewan, experiment station farm, collected from an area of virgin soil, is 

shown in Table 153. The depth of sampling is the same as at the Krydor locality, 

the details of horizon thicknesses being slightly different. 
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Table 153.- -Composition of a Canadian Chernozem, Indian Head, Canada 

Sample 
No. 

33087_ 

33088--- 

33089. .. 

33090 

Hori¬ 
zon 

Depth 

Inches 

1 0- 4 | 

2 4-20 | 

3 20-30 | 

4 30-66 1 

Chemical2 

Si02 Ti02 

P. ct. 
0. 52 

.60 

.52 

.57 

.51 

.56 

.68 

.76 

Fe2Os 

P.d. 
5.11 
5. 92 
5. 25 
5. 75 
5. 21 
5. 76 
6.63 
7. 42 

Al2Ch 

P. ct. 
12.74 
14. 77 
12.85 
14.18 
12.79 
14.11 
16. 92 
18. 95 

MnO 

P.d. 
0.090 

.110 

.090 

. 100 

.070 

.080 
. 123 
. 140 

CaO 

P. d. 
2. 00 
2.31 
1.48 
1.62 
6. 80 
7. 50 
5.01 
5. 64 

MgO 

P. Ct. 
1.65 
1.91 
1.47 
1.61 
2. 73 
3.00 
3.67 
4.10 

K20 Na20 

P. ct. 
2.17 
2. 51 
2. 20 
2. 40 
1.77 
1.96 
2. 30 
2. 57 

P2Os 

P. ct. 
0. 79 
.96 
.96 

1. 05 

.79 

P. ct. 
0. 34 
.39 
.22 
.24 
.16 
. 18 
. 16 
. 18 

SOs 

P.d. 
0.20 
.23 
.09 
.10 
.07 
.08 
. 15 
. 17 

Igni¬ 
tion 
loss 

P. ct. 
13.75 

8. 72 

9" 65 

10.72 

Total 

P. ct. 
99.87 
99. 86 

100. 06 
100.15 
100. 16 
100. 07 
99.58 
99. 51 

P.d. 
0. 430 

.230 

"."656' 

".050 

CO2 
from 
car¬ 
bon¬ 
ates 

P. ct. 

6.20 

"4*45 

Sample No. 

33087- 
33088. 
33089- 
33090- 

Hori- 
zon 

Mechanical3 

Depth 

Inches 
0- 4 
4-20 

20-30 
30-66 

Fine 
gravel 

(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 

uents 

Per cent 
0.8 
1.9 
1. 2 
0 

Per cent 
2.3 
7.6 
6.1 
.3 

Per cent 
1.9 
5.0 
4.3 
.2 

Per cent 
9.5 

11.7 
11.6 

.9 

Per cent 
6.8 
5.8 
5.4 
1.4 

Per cent 
43.7 
34.0 
28.0 
18.3 

Per cent 
35.2 
34.1 
43.9 
79.4 

Per cent 
100.2 
100.1 
100.5 
100.5 

1 Collected by C. F. Marbut. 

The sa and sf ratios and the molecular equivalent composition for silica and the 

sesquioxides are shown in Table 154. Since the accumulation of CaO and m some 

cases of MgO is large enough to be clearly shown by the complete analysis it seems to 

be unnecessary to determine the ba ratios or the combined molecular composition 

of the soil in alkalies and alkaline earths. 

Table 154.—Sample of a Canadian Chernozem, Indian Head, Canada 

—-- 

Hori- 
Depth 

in 
inches 

Ratios 
Molecular equivalent 

composition 

Sample No. zon 

sa sf ba Si02 Fe203 AI2O3 

i 0- 4 8.139 31.43 1.163 0. 0308 0.1433 

33. 42 
30. 62 
20. 96 

1.203 
1.092 
.973 

.0360 .1376 
2 4-20 

.0360 . 1384 
3 20-30 

30-66 
7.912 

.0460 . 1780 
4 

The sa and sf ratios show the same relationship between the composition of 

layer 4 and that of the higher layers as was shown in the sample from Krydor, 

Canada. The sa ratios for the first, second, and third layers differ slightly, that for 

Hver 1 being lower than for 2, the reverse of what would be the case if podzolization 

had begun to operate on the surface soil. The differences between the ratios for layers 

1 and 2 are consistent in this soil, both being larger in 2. It is well known from obser¬ 

vation of incipient podzolization in the soils of the prairies of the United States that it 

manifests itself first at a depth of some inches from the surface rather than at the 

surface, where presumably the activity and effect of the resistance of grass to podzo¬ 

lization is greatest. It is possible that the higher sa and sf ratios for layer 2 may be 

an expression of incipient podzolization, though relative pH values do not indicate it 

The relation of the sa and sf ratios in layers 1, 2, and 3 to those m 4 are identical 

in kind with those in the Krydor profile though not exactly the same m magnitude. 

The ratios in 4 show a low percentage of silica as compared with the higher ayers. 

The percentage of increase of alumina in 4, assuming that the lower ratio be due only 

to increased percentages of sesquioxides, over that m the higher layers is about 60, 

that of iron oxide is a little less, being about 50. n , 
These percentages are much more nearly equal m amount than m the Kryc or 

nrofile but they seem sufficiently different in this case to warrant the conclusion that 

there is no decrease in silica in the fourth layer but an increase of sesquioxides as was 

the case in the Krydor profile. . 
The molecular equivalent composition shows the same relationships between the 

several layers as do the sa and sf ratios. , , , 
A profile of Barnes silt loam from Moody County, S.Dak., has been sampled an 

analyzed, the results of chemical and mechanical analysis being shown in Table 155. 

Table 155.—Composition of Barnes silt loam, Moody County, S. DakI 

Sample 
No. 

Hori¬ 
zon 

Depth 

Si02 Ti02 Fe203 

Inches P. ct. P.d. P. d. 

066.73 0.54 4. 26 
361435..- 1 0-2M \f>77.10 .62 4. 93 

f»67.97 .61 4. 42 
361436.. 2 1 a

 

\ '>75. 55 .68 4.91 

071.40 .61 4. 56 
361437.- 3 8-23 (<>75. 49 .64 4. 82 

060. 80 .40 3. 46 
361438.. 4 23-47 {<>68. 39 .45 3. 89 

063. 53 .45 3.70 
361439.. 5 47-60 (<>70. 48 .50 4.10 

063. 65 .45 3.71 
361440. - 6 60-66 (<>70. 26 .50 4.09 

Chemical2 

Al203 

P. ct. 
10.10 
11.65 
11.50 
12. 78 
11.75 
12. 42 

8. 98 
10.10 

9. 40 
10. 43 

9. 60 
10. 59 

MnO 

P. ct. 
0.13 

.15 

. 14 

.16 

.25 

.26 

.15 

.17 

.16 

.18 

.18 

.20 

CaO MgO 

P. ct. 
1.71 
1.98 
1. 35 
1.50 
1.14 
1.21 
9. 61 

10.81 
7.49 
8.31 
7.43 
8. 20 

K20 

P.d. 
0.87 
1.01 
.87 
.97 

1.08 
1.14 
2. 52 
2.83 
2. 52 
2. 68 
2. 50 
2. 76 

P. ct. 
1.95 
2. 25 
1.83 
2.03 
2. 01 
2.12 
1.51 
1.70 
1.56 
1.73 
1.61 
1.78 

Na20 P205 

P. ct. 
0.93 
1.08 
1. 01 
1.12 
1.16 
1.23 
.96 

1.08 
.79 
.88 
.91 

1.00 

P. ct. 
0.23 

.27 

.21 

.23 

.10 

.11 

.15 

.17 
. 15 
.17 
.15 
. 17 

SOs 

P.d. 
0.27 

.31 

.27 

.30 

.14 

.15 

.16 

.18 

.12 

.13 

.13 

.14 

Igni¬ 
tion 
loss 

P. ct. 
13. 60 

10. 05 

Total 

5.42 

ii.05 

9.75 

"9.35 

P.d. 
101.32 
101. 35 
100. 23 
100. 23 

99. 62 
99.59 
99. 80 
99. 77 
99. 62 
99. 59 
99. 67 
99. 69 

N 

COa 
from 

carbo¬ 
nates 

P. ct. 
0.460 

.300 

.070 

.020 

T6I4 

.020 

P.d. 

8.50 

6. 92 

Sample No. 
Hori¬ 
zon 

361435_ 
361436_ 
361437_ 
361438__-.-I 1 
361439___ ® 
361440-.. 0 

Depth 

Mechanical3 

Fine 
gravel 
(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Inches 
0-2}4 

2H- 8 
8-23 

23-47 
47-60 
60-66 

Per cent 
0.5 
.8 

1.6 
2.6 
2.3 
2.1 

Per cent 
2.8 
2.5 
3.9 
4.8 
5.2 
5.1 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Per cent 
3.9 
3.0 
4.6 
5.3 
6.1 
5.6 

Per cent 
8.2 
6.2 

10.1 
12.0 
13.7 
13.4 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Per cent 
6.5 
5.9 
9.7 

12.1 
12.2 
12.3 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Per cent 
46.1 
53.6 
44.0 
30.5 
31.0 
31.5 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Per cent 
31.9 
28.3 
25.9 
32.7 
29.6 
29.9 

Total 
mineral 
constit¬ 
uents 

Per cent 
99.9 

100.3 
99.9 

100.0 
100.1 
99.9 

1 Collected by W. I. Watkins. 
< Analyzed by G. I. Hough. 3 Analyzed by L. T. Alexander. 

Horizon 4, as the profile was divided at the time the sample was collected, is the 

zone of carbonate accumulation. The maximum percentage of CaO when the 

analyses have been calculated to mineral content, is 10.81, the percentage of CO, 

horn carbonates being 8.50. It is apparent that the accumulated carbonates are 

mainly lime carbonates, the percentage of MgO m horizon 4 being 2.83 and m the 

parent glacial drift 2.76. The percentages of both lime and {“"“he 
2 and 3 are very low compared with those in the accumulated horizons or in 

parent glachil drift The difference is much greater in this soil than in that of the 

^ TMsCsaampiae fafrom near the eastern boundary of the Chernozem belt in South 

Dakota, where the rainfall is near the maximum for Pedocahc soil development in h s 

latitude. The annual temperature is well above that of the Canadiandocality of he 

preceding profile. The carbonates have been more completely removed f ™ 
horizons lying above that of carbonate accumulation but this can no ' 
ascribed to the higher temperature of the locality. The accumul^ation oi^ carbonate 

in laver 4 is definite, but the calcium carbonate is only about 24 pe 
in {{{{parent glacial drift. In the Krydor, Canada, profile tire apparent 

tion of carbonate is more than 400 per cent and in the Indian Head profile 33 pel cent 

The low concentration in the Moody County, S. Dak., sample can not be accepted 

as a standard for the Dakota latitude. nf 99 

The carbonates have all been removed from the Dakota locality o I ' 

inches, but in the Krydor, Canada, locality to less than 14 inches, and at Indian Head, 

Canada, to a depth of 20 inches. _ ..c 
The several ratios, molecular equivalent composition, and silica and ses p 

calculated to a total of 100 and to a constant percentage of CaO and MgO are shown 

in Table 156. 

Table 156.—Sample of Barnes silt loam, Moody County, S. Dak. 

Sample No. 
Depth 

in 
inches 

Ratios 
Molecular equivalent 

composition 

Percentage calculated 
to a total of 100 

Percen 
const 
of Ca 

age calci 
ant per 
O and 

dated to 
centages 
VfgO 

sa sf ba Si02 Fe2(>3 AI2O3 Si02 Fe2C>3 Ab03 Si02 Fe203 AI2O3 

361435_ 
361436_ 
361437_ 
361438_ 
361440_ 

0 - 2 Vi 
2>4- 8 
8 -23 

23 -47 
60 -66 

11.25 
10.05 
10. 33 
11.51 
11. 28 

41. 24 
40. 77 
41.50 
46. 59 
45. 52 

0. 530 

2.308 
1.843 

1.278 
1.253 
1.252 
1.134 
1.165 

0. 0308 
.0307 
.0301 
.0243 
.0256 

0.1140 
. 1250 
. 1215 
.0988 
.1036 

82.30 
81.02 
81.41 
83.90 
82. 70 

5.26 
5. 26 
5.20 
4. 40 
4. 81 

12.43 
13. 70 
13. 39 
12.26 
12. 46 

77.10 
75.55 
75.49 
76.93 
76.75 

4.93 
4.91 
4.82 
4.37 
4.46 

11.65 
12.78 
12.42 
11.36 
11.56 

The relatively high sa and sf ratios for the thin surface layer is a feature charac¬ 

teristic of the Dark-Brown, Brown, and Gray soils but is not generally present m the 

Chernozems. It is probably caused by the action of wind and ram m washing and 

blowing the fine-grained material out of the thin surface layer, leaving the coarser 

material behind. . 
Both ratios are higher in the zone of carbonate accumulation and the parent ma¬ 

terial than in the higher layers. The sa ratio in the deeper horizons is a little more 

than 10 per cent higher than in layers 2 and 3. The sf ratio for the deeper layers is 

also higher than in 2 and 3 by almost exactly the same percentage as the sa ratio. 

This would suggest that it could be interpreted as a result of a decrease of silica. In 

the Canadian samples the two ratios did not show the same percentage of increase m 

the deeper layers over that in the higher, suggesting that in that case it must be due 

to concentration of the sesquioxides, or possibly to an increase of at least one of them 

and a decrease in silica. 
The ratios show clearly that no shifting of sesquioxides has taken place from an 

A into a B horizon similar to that in the Podzolic soils. 
The occurrence of the apparent concentration of sesquioxides in the layers of the 

soil where the carbonates are high could not be due to the concentration of carbonates 

alone since the concentration of carbonates would affect both sesquioxides and silica 

alike in all the layers and would not, therefore, change the relationship of the ratios 

in the several layers after the carbonate concentration from what it was before. 

There has been concentration of sesquioxides in the deeper layers of the Canadian 

profiles and presumably also in the Dakota profile, though the ratios in the latter case 

show the possibility of explaining the facts by increase in silica. 
When the composition of the whole soil is recalculated by eliminating the ac¬ 

cumulated carbonates both of magnesium and of calcium and reducing the CaO to a 

percentage averaging about 1.50 of CaO and of MgO, 1.00, and the results are tabu¬ 

lated, they stand as shown in the last three columns of Table 156. In this case the 

percentages of silica for the two deeper layers is high, and those for both sesquioxides 

are low, indicating the accumulation of silica in these layers rather than of the sesqui¬ 

oxides. 
The soil-developing processes at work have brought about an accumulation of 

organic matter, a very slight accumulation of calcium and potassium in the surface 

layer, the removal of carbonates from layers 1, 2, and 3, and the concentration of the 

same constituents in layer 4. 
A profile of Moody silt loam from Moody County, S. Dak., was studied, sampled, 

and analyzed, the results being shown in Table 157. 

Table 157.—Composition of Moody silt loam, Moody County, S. Dak. 1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

SiCh Ti02 Fe203 A12Os MnO CaO MgO k2o Na20 p2o5j SOs 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

P. ct. P. ct. P. d. P. ct. P. ct. P.d. P. ct. P. d. P. ct. P. ct. P.d. P.d. P. ct. P. ct. P.d. 

Jo64. 20 0. 68 4. 27 11.20 0.13 1.34 0.86 2.12 0. S3 0.24 0.28 14. 52 100. 67 0.080 
361401—. 1 0-2 H \b75. 03 .80 4. 98 13.09 .15 1.57 1.01 2. 48 .97 .28 .33 _ 100. 70 _ _ 

J«65. 51 .67 4. 35 11.75 .10 1.31 .97 2. 05 1.00 .21 .27 12.20 100. 39 .400 
361402— 2 \ *>74. 62 .76 4.95 13.37 . 11 1.49 1.10 2. 43 1.14 .24 .31 100. 42 

J«68 19 .70 5.00 12. 56 .10 1.04 1.08 2.15 1.00 .19 .19 7.82 100. 02 . 180 _ 

361403—. 3 n-22 
\*>73. 95 .76 5.42 13. 62 .11 1.13 1.17 2. 33 1.08 .21 .21 _ 99.99 _ _ 

J«70 46 .70 4.83 12. 87 .12 1.40 1.41 2. 13 1.14 .18 .18 4. 85 100. 27 .050 
361404..- 4 22-30 \ *>74. 06 .74 5.08 13. 52 .13 1.47 1.48 2.21 1.20 .19 .19 _ 100. 30 _ _ 

J°58. 70 .57 3. 62 9. 90 .10 9.60 2. 90 1. 67 .94 .19 .15 11.80 100. 14 .008 8.70 
361405— 5 30-57 \ *>66. 54 .65 4.10 11.22 . 11 10. 88 3.29 1.89 1.07 .22 .17 100.14 _ _ 

J«63. 74 .57 3.70 10. 45 .10 6. 42 2. 96 1.83 1.05 .18 .14 9. 67 100. 81 .014 6.10 
361406—- 6 57-66 

(<>70. 53 .63 4.08 11.56 .11 7.11 3. 28 2.03 1.16 .20 .15 — 100. 84 
--- 

| — 

Sample No. 
Hori¬ 
zon 

361401_. 
361402. 
361403. 
361404. 
361405. 
361406- 

Depth 

Inches 
0-2M 

2H-n 
11-22 
22-30 
30-57 
57-56 

Mechanical3 

Fine 
gravel 

(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
1. 3 0.5 0.3 0.9 3.9 55.8 37.2 99.9 
.5 1.8 1.1 2.1 4.7 61.5 28.5 99.8 
.2 .7 .4 .6 2.4 59.9 35.4 99.6 
.0 . 1 .2 .7 4.8 60.2 33.9 99.9 
.5 .5 .2 .6 7.2 63.8 27.2 100.0 
.0 .2 .2 .5 17.2 59.2 22.7 100.0 

Collected by W. I. Watkins. 2 Analyzed by G. J. Hough. 3 Analyzed by L. T. Alexander. 
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The Moody soils differ from the Barnes soils in their derivation from loesslike 

material rather than from glacial drift as are the Barnes soils. The composition in 

actual weight percentages of the two soils is very nearly the same and the relation¬ 

ships of the several horizons within each are identical, though the top of the carbonate 

zone is a little deeper in the Moody than in the Barnes soil. 

Barnes silt loam contains from 12 to a little more than 20 per cent of sand coarser 

than very fine sand, but Moody silt loam has a maximum of 5 per cent and the content 

of very fine sand is only about half as high as in the Barnes soil. The percentage of 

silt in Barnes silt loam, however, ranges between 25 and 30 and in Moody silt loam 

between 56 and 64. 

The percentages of silica run higher in Barnes silt loam than in Moody silt loam, 

but those of iron oxide and alumina are correspondingly lower. 

The percentages of alkalies and alkaline earths are much alike, layer for layer, 

in both soils. 

The several ratios, molecular equivalent composition, and silica and sesqui- 

oxides calculated to a total of 100 and to a constant percentage of CaO and MgO are 

shown in Table 158. 

Table 158.—Sample of Moody silt loam, Moody County, S. Dak. 

The composition computed to uniform CaO and MgO percentages shows uni¬ 

formity in composition in the layers above the carbonate zone and high silica in the 

surface horizon and slightly decreasing silica downward. This relationship is clearly 

shown in the sa ratio, in the molecular equivalent composition, and in the silica 

when the composition of the soil in Si02, A1203, and Fe203 is computed to 100. 

Both iron oxide and alumina increase downward, this, as well as the decrease in 

silica, being reflected in sa and sf ratios, the increase in iron oxide being especially 

marked. 

The Barnes and Moody soils lie in the Dakotas, northeastern Nebraska, north¬ 

western Iowa, and southwestern Minnesota. The Barnes soils, developed from 

Wisconsin glacial till, do not extend south of the Missouri River from South Dakota. 

The greater part of the soils of the Chernozem belt of Nebraska have developed from 

silty material different in character from that from which the Moody soils have 

developed. Large areas of Nebraska soils have profiles diverging in character from 

the normal Chernozem profile because of the presence of a heavy clay subsoil. These 

are described as Crete soils. 

West of the longitude of Hastings, Nebr., the soils with heavy clay subsoils cover 

small areas and finally disappear almost entirely from the well-drained silty uplands 

in the vicinity of Holdrege, Nebr. In this region, the western part of the Chernozem 

Sample No. 
Depth 

in 
inches 

Ratios Molecular equivalent 
composition 

Percentage calculated 
to a total of 100 

Percentage calculated to 
constant percentages 
of CaO (1.50) and 
MgO (1.00) 

sa sf ba Si02 Fe2(>3 AI2O3 Si02 Fe2C>3 AI2O3 Si02 Fe2C>3 AI2O3 

361401_ 0-234 9. 74 39. 92 0. 546 1.244 0.03117 0.1280 80.16 5. 46 14. 37 75.08 4. 98 13.10 
36H02_ 234-11 9. 48 39. 95 .540 1.237 .03100 . 1308 80. 28 5. 32 14.40 74. 66 4. 95 13. 38 
36H03_ 11-22 9. 23 36. 17 .467 1.226 .03390 . 1332 79. 52 5. 82 14. 65 73.87 5. 43 13. 65 
361404_ 22-30 9.31 38. 63 .524 1. 228 . 03180 . 1322 79. 64 5. 46 14. 54 74. 39 5.10 13. 57 
361405_ 30-57 10. 08 43. 00 2. 106 1. 103 . 02570 . 1097 81. 28 5. 00 13. 70 75. 33 5. 80 12. 70 
361406. _ 57-66 10. 37 45. 89 1.476 1. 170 . 02550 . 1131 81. 85 4. 73 13.41 76. 57 4. 02 13.09 

The molecular equivalent composition indicates a lower number of molecules of 

silica per unit of weight in layers 5 and 6 than in any other layer. The sa and sf 

ratios are higher in these two layers than in any of the others. The apparent con¬ 

tradiction is brought about because of the high percentage of CaO and MgO in the 

two layers. The ratios are independent of the percentages of these constituents 

present. 

The percentages of Si02, Fe203, and A1203 computed to a total of 100 eliminate 

the influence of these substances, and so also do the percentages of Si02, Fe203, and 

A1203 calculated to a constant percentage of CaO and MgO. In all cases where the 

influence of the high percentages of CaO and MgO are eliminated, a higher amount of 

silica is indicated for layers 5 and 6 than for the other layers. The amount in 6 is 

somewhat larger than in 5. This may be a feature of the parent material or it may 

be a soil feature. The same relationship is shown in the Krydor, Canada, profile. 

If the silica in the solum be dissolved because of the alkaline soil solution, it 

would be deposited in the zone of carbonate accumulation and in the layer imme¬ 

diately below it. Whether this is an expression of this action of the soil solution 

can not be definitely proved from the data available, but the suggestion is of some 

interest. 

A profile at Holdrege, Nebr., whose chemical and mechanical composition are 

shown in Table 159, lying in the Chernozem belt but not sampled below the car- 

belt in Nebraska, the dominant soil is Holdrege silt loam, described on page 73. 

Two profiles were sampled from the Kansas part of the Chernozem belt, one from 

near Olmitz, the other from near Jetmore. In both cases the soil was sampled to the 

carbonate zone only. The chemical and mechanical composition of material from 

the Olmitz profile are shown in Table 161, and of that from the Jetmore profile in 
Table 162. 

Table 161.—Composition of Chernozem, Olmitz, Kans.1 

Sample 
No. 

Hor¬ 
izon Depth 

29888_ 1 

Inches 

0- 4 

29889_ 2 4-22 

29890_ 3 22-32 

29891_ 4 30+ 

Chemical 2 

SiC>2 Ti02 Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P205 SOs 
Igni¬ 
tion 
loss 

Total N 

P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P.ct. P.ct. P. ct. P. ct. P. ct. P.ct. P. ct. 
“73. 49 0. 54 2. 72 10. 83 0. 063 1.27 0. 71 2. 54 1. 55 0. 13 0. 22 5.81 99. 87 0.176 
b78. 05 .57 2.89 11.50 .067 1.35 .75 2. 70 1.65 . 14 .23 99. 90 

r“72. 83 .60 3. 08 12. 00 .072 1. 16 .86 2. 62 1.46 . 12 . 14 4. 99 99. 93 . 160 
+76,63 .63 3. 24 12. 62 .076 1.22 .90 2. 76 1. 54 .13 .15 99. 90 
“68. 71 .55 4. 22 14. 66 .069 1. 37 1. 58 2. 55 1. 38 . 11 .13 4. 29 99. 62 .059 
<>71. 79 .57 4.41 15. 32 .072 1.43 1. 65 2. 66 1. 44 . 11 .14 99. 59 
“67. 75 .58 3. 93 13. 83 .073 2. 93 1. 59 2. 50 1.42 . 13 . 12 4. 71 99. 56 .041 
<>71. 10 .61 4.12 14. 52 . 077 3. 07 1.67 2. 62 1.49 .14 . 13 — 99. 55 

C02 
from 
car¬ 
bon 
ates 

P.ct. 

1.16 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 

(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
29888_ 1 0- 4 0.0 0.0 0.0 0.5 30. 5 45.1 23.8 99. 9 
29889_ 2 4-22 0 0 0 .6 35. 2 35.0 28. 9 99. 7 
29890_ 3 22-32 0 0 0 .5 26.8 28.9 43.5 99. 7 
29891_ 4 30+ 0 0 0 .3 21.4 37. 7 40. 3 99. 7 

1 Collected by C. F. Marbut. 2 Analyzed by G. Edgington. 3 Analyzed by J. B. Spencer. 

Table 162.—Composition of Chernozem, Jetmore, Hodgeman County, Kans4 

bonate zone, is identical in its essential solum features with those just described. 
Chemical2 

% 

It' 

Table 159.—Composition of Holdrege silt loam, Holdrege, Nebr.1 

Chemical2 

Sample 
No. 

Hori¬ 
zon 

Depth Igni- 
co2 
from 

Si02‘ Ti02 Fe203 A1203 MnO CaO MgO K20 Na20 F2O0 SO3 tion Total N car- 
loss bon- 

ates 

Inches P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. 

34709_ i 0- 6 
(“71.73 0. 55 2. 78 11.34 0. 05 1.68 0. S4 2. 51 1. 04 0. 20 0.02 7.26 100. 00 0.190 
(<>77.33 .59 3.00 12. 23 .05 1.81 .91 2. 71 1. 12 .22 .02 99. 99 

34710_ 6-16 
(“71.87 .53 3.10 12. 60 .05 1.56 1. 03 2. 68 1.07 .19 .02 5. 20 100.00 . 100 
(<> 75.89 .56 3. 27 13. 31 .05 1.65 1. 09 2. 83 1.13 .20 .02 100.01 

34711_ 3 16-28 
(“71.58 
l <> 75.43 

.54 

.57 
3. 25 
3.42 

12. 72 
13. 40 

.05 

.05 
1. 52 
1. 60 

1. 18 
1.24 

2. 82 
2. 97 

1.00 
1. 05 

.21 

.22 
.02 
.02 

5.11 100. 00 
99. 97 

.050 — 

34712_ 28-43 
(“70. 14 .55 3. 43 12.53 .04 3.41 1.60 2. 81 .98 .22 .02 4. 27 100. 00 .030 
(<>73. 30 .57 3.58 13. 09 .04 3. 56 1. 67 2.93 1.02 .23 .02 100.01 — 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
34709_ 1 0- 6 0.1 0.2 0.1 0.5 8.5 65.0 25.6 mo 
34710_ 2 6-16 0 . 1 . 1 . 1 9.5 58.2 31.8 99+ 
34711_ 3 16-28 0 .0 . 1 .3 7.8 56.6 35.3 100.1 
34712_ 4 28-43 0 . 1 .0 .3 9.1 68.2 22.3 mo 

1 Collected by C. F. Marbut. 
2 Analyzed in the division of soil chemistry, Bureau of Soils, Mar. 15, 1918. 
3 Analyzed by L. T. Alexander. 

The concentration of carbonate is not high, this being a feature found to be 

consistent throughout the United States in soils developed from loess. The Pedocals 

in Kansas and farther south seem to show slight accumulation of silica in the surface 

soil, but even in these places it may be the product of wind shifting of material through 

a long period of time. 

The sa and sf ratios, the molecular equivalent composition, the composition in 

Si02, Fe203, and A1203, when recalculated to a CaO percentage of 1.50 throughout 

all the horizons and a MgO percentage of 1.00, and the percentages of Si02, Fe203, 

and A1203 calculated to a total of 100 are shown in successive parts of Table 160. 

The sa and sf ratios are smaller in the carbonate-accumulation layer and the layer 

beneath than in the overlying layers. 

Table 160.—Sample of Holdrege silt loam, Holdrege, Nebr. 

Sample No. 
Depth 

in 
inches 

Ratios Molecular equivalent 
composition 

Percentage calculated 
to a total of 100 

Percentage calculated 
to constant percent¬ 
ages of CaO (1.50) and 
MgO (1.00) 

sa sf ba Si02 Fe2C>3 A1203 Si02 Fe2C>3 Al2Os Si02 Fe203 A1203 

34709_ 0- 6 10.75 60.61 1.282 0. 01878 0.1196 83. 54 3. 24 13. 21 77. 23 2.99 
3. 26 
3. 42 
3. 67 

12. 21 
13.29 
13.40 
13. 41 

34710 _ 6-16 9. 69 61.50 1.258 . 02047 . 1302 82. 07 3. 53 14. 39 75.81 
75. 43 
75. 09 

34711 16-28 9. 90 58. 44 1. 251 . 02141 . 1311 81. 76 3. 70 14. 52 
34712... 28-43 9. 52 54. 25 1.215 . 02242 .1280 81.57 3.95 14. 47 

Sample 
No. 

29864„_ 

29865._ 

29866.. 

29867.. 

Hori¬ 
zon 

Depth 

Si02 Ti02 Fe2C>3 A1203 MnO CaO MgO k2o Na20 P2Os SOs 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 

bon¬ 
ates 

Inches P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. d. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 
0- 5 (“74. 49 0. 66 2. 70 10. 77 0. 070 1.29 0.91 2. 85 1. 30 0.16 0. 08 6. 25 99. 53 0. 180 

(<>77. 32 .70 2.88 11.49 .070 1.38 .97 3.04 1.39 . 17 .09 99. 51 
6 18 (“69. 83 .67 3.97 12. 87 .070 1. 34 1. 17 3. 04 1.11 . 16 .07 5. 40 99. 70 .110 

1+73. 82 .71 4.19 13.60 .070 1. 42 1. 24 3. 21 1.17 .17 .07 99. 67 
18-30 (“68. 05 .58 4. 25 14.18 .071 2. 12 1.55 2. 76 1.19 .16 .18 4. 98 100. 07 .050 0. 62 

(<>71. 56 .61 4. 47 14. 93 .075 2. 23 1.63 2. 90 1. 25 .18 .21 100. 05 
304- (“68. 23 .55 4.08 13.81 .077 2. 50 1. 48 2. 75 1. 20 .17 .20 4. 84 99. 89 .032 .81 

(<>71. 70 .58 4. 29 14. 52 .081 2. 63 1.55 2. 89 1.26 .18 .21 — 99. 89 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 

(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
29864_ 1 0- 5 0.0 0.0 0.3 2.0 19.5 52.1 26. 3 100. 2 
29865_ 2 6-18 0 .1 . 1 .5 15.4 53.9 31.0 100.0 
29866_ 3 18-30 0 .0 . 1 .3 15.2 40. 1 44.5 100. 2 
29867_ 4 30+ 0 .0 .0 .7 19.6 38.7 41.3 100.3 

1 Collected by C. F. Marbut. 2 Analyzed by G. J. Hough and G. Edgington. 3 Analyzed by J. B. Spencer. 

In both cases, the silica in the surface soil, to a depth of 4 and 5 inches, respec¬ 

tively, is a little higher than in the layers below, in the Jetmore sample the difference 

being 3.5 per cent but in the Olmitz sample only about 1.5 per cent. The percentage 

of CaO in the carbonate zone above that in the overlying layers is slight in both 
cases, but it is definite. 

The dark-colored layer is thick, the percentage of organic matter in the upper 

part being about 5. This is only about half the percentage of organic matter in the 

Barnes and Moody soils, but only a little less than that in Holdrege silt loam. 

The percentage of clay in the layer immediately overlying the carbonate-accumu¬ 

lation layer is nearly twice as high as in the overlying layers and a little higher than 

that of the cai’bonate layer. In the Moody and Barnes soils the range of differences 

in the several layers is very slight; that in Holdrege silt loam is a little higher than in 

the other two soils but much lower than in the soils at Jetmore and Olmitz. The 

latter soils have developed from material derived from the underlying shales, lime¬ 

stones, and sandstones, with probably some shifting and mixing by wind, whereas 

the Moody, Barnes, and Holdrege soils have developed from material transported 
considerable distances. 

The sa and sf ratios and the results of recalculations of Si02, Fe203, and A1203 

to a basis of 100 as well as to a constant percentage of CaO find MgO (tables 163 

and 164) bring out this higher clay (A1203) content in the deeper layers of the Olmitz 

and Jetmore soils. The sf ratio shows a higher percentage of iron oxide in these 

layers as well as of alumina, the increased percentage over that in layer 2 being 9 
whereas that of alumina is 12. 
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Table 163.—Sample of a Chernozem soil, Olmitz, Kans. 

Sample No. 
Hori¬ 
zon 

Depth in 
inches 

Ratios 
Percentage calculated to a 

total of 100 

Percentage calculated to con¬ 
stant percentages of CaO 
and MgO 

sa sf ba Si02 Fe2C>3 AI2O3 Si02 Fe203 AI2O3 

29888 1 0- 4 11.53 71.56 85. 50 3.12 12.44 78.16 2.89 11.52 

29889 2 4-22 10.32 62. 67 82.85 3.50 13. 64 76. 76 3.24 12.64 

29890 3 22-32 7.96 43.14 78. 44 4.82 16. 74 72.60 4. 46 15.49 

29891_ 4 30+ 8. 32 45. 73 79. 23 4. GO 16.18 73.14 4.24 14.93 

Table 164.—Sample of a Chernozem soil, Jetmore, Hodgeman County, Kans. 

Sample No. 
Hori¬ 
zon 

Depth in 
inches 

Ratios 
Percentage calculated to a 

total of 100 

Percentage calculated to con¬ 
stant percentages of CaO 
and MgO 

sa sf ba Si02 Fe2C>3 AI2O3 Si02 Fe203 AI2O3 

9Q8fi4 1 0- 5 n.44 71. 14 84. 33 3.14 12. 42 77. 36 2. 88 11.50 

9QKfi5 2 6-18 9.23 46. 68 80.58 4. 57 14. 83 74.01 4. 20 13. 63 

9Q8fifi 3 18-30 8.15 42. 42 78. 67 4.91 16. 41 72. 62 4. 53 15.15 

29867_ 4 30+ 8.39 44. 04 79. 21 4.74 16. 04 73.00 4. 37 14. 78 

The percentage of silica, when silica and both the sesquioxides have been cal¬ 

culated to a total of 100, in layer 3 is lower than that in 2 by an amount somewhat 

larger than is the higher percentage of alumina in 3 than in 2, but the insufficiency 

of the alumina to account for the decrease in silica is fully made up by the higher 

percentage of iron oxide in 3, making it probable therefore, that the difference in 

composition is the result of an accumulation of alumina in layer 3, with slight 

accumulation of iron oxide, rather than to a decrease in silica. 

The field characteristics as well as the pH values make an explanation of the 

difference by podzolization practically out of the question. The position of the layer 

of clay accumulation also makes such an explanation very questionable. When the 

amount of difference is so small as here, showing slight development, it seems prac¬ 

tically certain that accumulation by podzolization would have taken place in layer 2. 

Although no exchangeable base determinations have been made to confirm the 

suggestion, it seems that the concentration is most simply and easily explained as 

the result of the presence of a very small amount of sodium salts. Incipient salini¬ 

zation has taken place. This conclusion is confirmed to a certain extent by the 

known fact that clay concentration is a highly characteristic feature of the soils 

derived from residual material east of this region, where the parent rocks are litho¬ 

logically somewhat similar. 

In all these profiles, and in those of the Pedocals in general, the percentage of 

alkalies and alkaline earths is high, especially when the percentage of these constit¬ 

uents in the Pedalfers is taken as a standard. The percentage of organic matter, 

indicated both in the loss on ignition and in the percentage of nitrogen, is high when 

the thickness of the layer containing it is considered. In the Pedalfers the layer is 

very thin, in few places amounting to more than 3 inches, whereas in the Chernozems 

it ranges up to nearly 2 feet. In the Moody and Barnes soils the percentage of 

nitrogen is relatively high to a depth of 23 inches and in the sample from Jetmore, 

Kans., to a depth of 18 inches. South of this point the thickness of the layer decreases. 

The high plains of Texas lie within the Chernozem belt. The northwestern 

part of the State lies in the transition zone where the Brown soils of the northern 

plains change to the Red and Reddish soils (subsoils) of the southern plains. In 

the vicinity of Amarillo the soils developing on slopes, where a considerable part of 

the rainfall is lost by run-off, have subsoils with a well-defined yellowish-red color, 

and those of the soils lying on flat surfaces are brown. 

The dominant soils in this region were mapped and defined as members of the 

Amarillo series about 20 years ago, but during the last few years the detailed work 

demanded by modern conditions has made it necessary to separate the red from the 

brown members. The red members have been given recognition as a distinct series 

under the name of Amarillo and the brown members as Pullman. The Pullman 

soils have been carefully studied in the field by Mr. E. H. Templin, of the Texas 

Agricultural Experiment Station, who collected samples from a well-developed 

typical profile, except of the layers below a depth of 40 inches, which were subjected 

to a searching investigation by Anderson and Byers (1) in the laboratories of the 

Bureau of Chemistry and Soils, United States Department of Agriculture. In a 

publication containing the results of this work, the soil is described as Amarillo, the 

texture of the surface horizon being a clay loam, but as stated above it is the brown 

rather than the red soil of the region. The brown soils seem to be the normal soils 

of the region, the red soils representing soils normally belonging farther south where 

development has taken place on smooth surfaces but under the influence of higher 

temperature than that prevailing in the region of Amarillo. The higher temperature 

renders the rainfall less effective than it would otherwise be, the soil is drier, oxidation 

has been more effective, and the subsoil has become red or reddish. The same result 

has been effected on the slopes in the Amarillo region because of the low moisture 

supply due to run-off. 
The chemical and mechanical composition of a sample of Pullman clay loam, 

Amarillo, Potter County, Tex., are shown in Table 165. 

Table 165.—Composition of Pullman clay loam, Amarillo, Potter County, Tex4 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P2O5 SOs 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

P. ct. P.ct. P.ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P.ct. P.ct. P. ct. P. ct. P.ct. P. ct. 

(“75. 62 0. 78 3.16 10. 56 0.09 0. 67 0. 78 2. 20 1.06 0.10 0. 07 4.98 100. 07 

1 m. 58 .82 3. 32 11.11 .10 .70 .82 2.31 1. 11 .11 .07 _ 100. 05 _ _ 
35937 1 0- 5 

c50. 51 .56 8.80 22. 04 . 14 1.48 2.08 2.68 .06 .20 .18 12.08 100.81 0 

p57.56 .63 10. 00 25.07 . 16 1.68 2. 35 3. 02 .07 .23 .20 _ 100. 97 _ _ 

“70. 48 .71 4. 40 13. 88 .09 .97 1.35 2. 56 1.01 .09 .07 4. 94 100. 55 

1 b74.14 .75 4. 62 14. 59 . 10 1.02 1.42 2.69 1. 06 .09 .07 100. 55 _ _ 
35916 _ 2 10- 20 c51. 51 .57 8. 61 22.71 .09 1.59 2.66 2.54 .01 . 12 .14 9. 50 100. 05 0 

L56. 91 .61 9. 56 25. 22 . 10 1.73 2. 92 2.79 .01 .13 .15 _ 100.13 _ __ 

| “68. 72 .74 4.31 13.25 .08 2.64 1.37 2.48 1.03 .10 .06 5.50 100. 28 

m. 72 .78 4. 56 14. 54 .09 2.79 1. 45 2. 62 1.09 .10 .06 _ 100. 80 _ _ 
35917 3 30- 40 

I '51.32 .58 8. 46 22.43 .05 2. 27 2.80 2.50 .06 .14 .14 10.19 100. 94 .35 

ld57.14 .65 9. 43 25. 07 .05 2.55 3.15 2. 80 .07 .16 .15 _ 101. 22 _ _ 

(“74. 49 .95 3.83 11.67 .06 1. 09 1.10 2. 14 .87 .07 .21 3. 82 100. 30 

1 b77. 45 .99 3.98 12. 42 .06 1.13 1.14 2. 22 .90 .07 .22 _ 100. 58 _ _ 
35918_ 4 54- 64 

I '51. 23 .55 8.19 24.08 .07 1.73 2.83 2. 42 .10 .11 .13 8. 72 100. 46 0 
ld56.12 .60 8.90 26.17 .07 1.88 3.07 2. 63 . 11 .12 . 14 _ 99. 81 _ _ 

(“40. 72 .42 2. 04 6.69 .04 25.80 1.06 1.20 .46 .08 .13 21.82 100. 46 

*52. 07 .54 2. 61 8.21 .04 33. 00 1.35 1.53 .59 .10 .16 _ 100. 20 _ _ 
35919 __ 5 /U— (b 

'38. 42 .37 5.71 17.64 .06 16. 38 2. 52 1.83 .06 .09 .10 17. 85 101. 03 11.22 
lrf46. 77 .45 6. 95 21. 47 .07 19. 94 3. 07 2. 23 .07 .11 . 12 _ 101. 25 _ _ 

(“56. 71 .57 2. 86 9. 26 .06 14.11 1.22 1.71 .73 .09 . 11 13. 00 100. 43 _ _ 
65 2 9Q in 64 06 16 22 1. 40 1. 96 .83 . 10 . 12 100. 46 

6 96-100 12 

[d5l. 92 .59 7.86 22. 38 .05 10.33 3.27 2. 58 .01 .12 . 14 99! 25 — 

i Collected by E. H. Templin. 1 Analyzed by O. J. Hough and G. Edgington. 

Table 165.—Composition of Pullman clay loam, Amarillo, Potter County, Tex. Continued 

Mechanical3 

Sample No. 
Hori¬ 
zon 

Depth 
Fine 

gravel 
(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

35937_ 1 
Inches 

0- 5 
Per cent 

0.0 
Per cent 

0.2 
Per cent 

0.3 
Per cent 

2.6 
Per cent 

12.1 
Per cent 

55.1 
41.0 
45.2 
41.2 

Per cent 
27.6 
47.4 
43.8 
37.9 
53.4 
44.0 

Per cent 
97.9 
98.9 
99. 1 
99.9 
99.8 

100.0 

35936_ 2 10- 20 .0 . 1 .2 1.9 8.3 

35917_ 3 30- 40 1.0 .5 .4 1.6 6.9 

35918 _ 4 54- 64 . 1 .3 .4 3.4 16.6 

35919 5 70- 75 . 1 .4 .4 2.2 9.2 34.1 

6 96-100 .2 .2 .3 2.1 12.2 41.0 

3 Analyzed by L. T. Alexander and H. W. Lakin. 

The complete analysis shows an apparent concentration of silica in the upper 

5 inches and a correspondingly low percentage of other constituents. It is apparent 

chat two zones of carbonate accumulation are present, one lying between depths 

of 30 and 40 inches, the other between 70 and 75 inches. The latter is much more 

highly concentrated, and the material beneath it, extending from 96 to 100 inches, has 

a high percentage of carbonates. Field work in the region shows the presence of a 

buried soil, but the available information is not entirely clear as to whether field 

conditions show its presence at the locality where this sample was collected. The 

chemical analysis indicates it so strongly, however, that it may be assumed to be 

present. The zone of accumulation in the new soil extends from 30 to 40 inches in 

depth and has attained faint concentration only. The percentage of calcium oxide, 

however, is more than twice as high as that in the material both below and above it. 

The zone extending from 54 to 64 inches may be considered the A, or surface, horizon 

of the buried soil whose zone of accumulation extends from 70 to 75 inches. 

A calculation of the analyses on the basis of a constant percentage, throughout 

all layers of the profile, of CaO and MgO, limiting the CaO and the MgO to con¬ 

stant percentages, gives the results for the silica and sesquioxides shown in Table 166. 

Table 166.—Sample of Pullman clay loam, Amarillo, Potter County, Tex. 

Sample No. 
Depth in 

inches 

Ratios 
Percentage calculated to a 

total of 100 

Percentage calculated to con¬ 
stant percentages of CaO 
and MgO 

sa sf ba Si02 Fe203 AI2O3 SiCh Fe2C>3 AI2O3 

35937 0- 5 12.17 63. 52 84. 65 3.53 11. 82 69.02 2.88 9. 63 

35916 10- 20 8. 63 40. 36 79.42 4.94 15.63 64.24 4.00 12. 64 

35917 30- 40 8. 50 42.04 79.19 4.96 15.83 63.98 4.01 12.79 

35918 54- 64 10. 60 51. 67 82.52 4.24 13. 23 67. 34 3.46 10. 80 

35919 70- 75 10.78 52. 87 82.79 4.15 13. 05 63.00 3.15 9.93 

96-100 52. 50 84.09 4.24 11. 66 65. 45 3.30 9.25 

- 

In Table 165 the upper 3 layers constitute the modern soil, the lower 3 the old 

(buried) soil. In the upper 3 it is clear that silica has accumulated in the topmost 

5 inches. This can be most simply explained as the product of wind action in remov¬ 

ing the finer particles and leaving the coarser behind, these being made up of a larger 

proportion of quartz. The very slight acidity of the surface layer seems not to have 

caused any eluviation that can be shown by the analysis. 

Table 166 shows the twofold character of the profile even more clearly than Table 

165. They both show also the lack of eluviation, unless the accumulation of silica 

in the surface horizon be caused by it, but that is more easily explained as already 

stated. 
Colloidal material was extracted from each of the horizons of the Pullman (Ama¬ 

rillo) soil and discussed by Anderson and Beyers (1) in the paper already referred to. 

The composition of the colloid shows the same twofold character of the profile, 

but less strikingly than the whole soil. The lack of podzolization is equally clear 

and the sa ratios are high as was expected, though much lower than those of the whole 

soil because of the absence of quartz from the colloid, or if present at all in very small 

quantity. 

The chemical composition of material from a profile of a Chernozem near 

Paducah, Tex., is shown in Table 161. The zone of carbonate accumulation, extend¬ 

ing from 17 to 40 inches, is well developed, the percentage of CaO being 16, whereas 

that in the underlying parent material, consisting of disintegrated reddish sandy 

shales, is a little less than 4. The top of the carbonate zone lies at a depth of 12 inches, 

but the greatest concentration begins at a depth of 17 inches. 

Table 167.—Chemical composition of Vernon clay loam, Paducah, Tex.1 2 

Sample 
No. 

Hori¬ 
zon 

Depth Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO k2o Na20 P2O5 S03 
Igni¬ 
tion 
loss 

Total N 

CO2 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P.ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. 

4457a_ 
(“74. 53 0. 62 3. 27 11. 00 0. 04 1. 70 1.41 2. 57 1.14 0. 05 0.11 4. 45 101.89 0.090 
1*78. 00 .65 3. 42 11. 51 .04 1.78 1. 48 2. 69 1.19 .05 . 12 100. 93 

, J | “68. 47 .67 3. 27 10.63 .03 5.07 1.43 2. 45 1. 02 .06 .09 6. 73 99. 92 .060 
(*73. 42 .72 3. 50 11. 39 .03 5. 43 1.53 2. 62 1.09 .06 .10 99. 89 
J“56. 42 .58 2. 75 8. 42 .03 14.00 1.84 2.18 1.23 . 11 .13 12. 75 100. 44 .020 
1*64.63 .66 3.15 9. 67 .03 16.03 2. 11 2.50 1.41 .13 .15 100. 47 
(“70.00 .67 3. 40 10. 68 .03 3. 74 2. 40 2. 85 1.70 .13 .11 4. 55 100. 26 .020 
1*73. 33 .70 3. 56 11.19 .03 3. 92 2.51 2. 99 1. 78 . 14 . 12 — 100. 27 — — 

1 Collected by C. E. Marbut. 2 Analyzed by G. J. Hough. 

The percentage of Si02 in the 12-inch surface layer is about 4.5 higher than in the 

underlying layer. When layers 2 and 3 are calculated to the same percentage of 

CaO (1.78) as is present in layer 1, the percentages of silica for the 3 horizons are 78, 

76.2, and 75.37, respectively. This indicates that no eluviation has taken place, 

the difference being probably due to the shifting of sand on the removal of fine 

material from the surface by wind. 

The results obtained by recalculating the silica and sesquioxide percentages to 

a total of 100, to a constant percentage of CaO and MgO, and the sa and sf ratios 

are shown in the several parts of Table 168. 

Table 168.—Sample of a Chernozem soil, Paducah, Tex. 

Sample No. 
Depth in 

inches 

Ratios Percentage calculated to a 
total of 100 

Percentage calculated to con¬ 
stant percentages of CaO 
and MgO 

sa sf ba Si02 Fe203 AI2O3 Si02 Fe2C>3 AI2O3 

4457a _ - - 0-12 
12-17 
17-40 
40-55 

11. 52 
10.95 
11. 36 
11.13 

60.44 
55.59 
54.37 
54.58 

83.93 
83.14 
83.44 
83. 25 

3.68 
3.96 
4.06 
4.04 

12.37 
12. 88 
12. 48 
12.40 

77.78 
76.43 
76.16 
75.93 

3.41 
3.64 
3.71 
3.68 

11.47 
11.86 
11. 39 
11. 57 

4457b - - - 
4457c - -- - - -- 
4457d 
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The silica-alumina (sa) ratios, calculated on the composition of the whole soil 
reduced to a loss-free basis, for the four layers are 11.52, 10.95, 11.36, and 11.13. 
Layer 4 being true parent material, these ratios give a result for the latter so very 
little lower than that in the other layers that it seems doubtful whether any signifi¬ 
cance can be attached to it. The rocks in the region lie essentially horizontal so 
that a slight difference in composition between those which furnished what is being 
designated here as parent material and those from which the solum layers were 
developed could easily account for the slightly lower ratio in layer 4. 

The percentages of silica and sesquioxides calculated to 100 and also to constant 
CaO and MgO are in each case so strikingly uniform that further discussion is wholly 
unnecessary. It is evident that eluviation has not taken place nor has there been 
accumulation of silica except the slight accumulation suggested by the higher per¬ 
centage of Si02 in the surface layer. It is apparent that this, like the same feature 
in the preceding Pedocal profiles, is most easily explained as the product of wind 
and rain-beating action. 

The dominant soil in the Lubbock region is reddish below the surface horizon of 
organic-matter accumulation, and in this latitude and southward the dark-colored 

surface layer is dark brown. 
These soils are associated wit h darker colored soils, the Richfield soils, wbich have 

brown rather than red subsoils and a zone of carbonate accumulation at a depth 
ranging from 18 to 28 inches. They occupy 
flats and a very great number of slight depres¬ 
sions ranging from about 6 to 8 inches in depth. 
The soil profile contains no heavy clay layer 
suggesting the presence of a Solonetzlike profile. 
The depressions, therefore, can not have been 
caused by the same processes as those pro¬ 
ducing the usual depressions of Solonetz soils. 

The larger amount of moisture these soils 
receive, whether they occur on flat areas or 
depressions, has caused a more luxuriant growth 
of grass than that on the associated Amarillo 
soils, giving them a darker color. 

The western part of Lubbock County, 
Tex., lies on the Llano Estacado, or high plains, 
and the eastern part on the rolling plains east 
of the high plains escarpment. The surface on 
the high plains is very smooth, almost flat over 
large areas, but there are a large number of 
small shallow depressions which seem to be the 
result of settling because of removal of under¬ 
ground material, presumably calcium carbon¬ 
ate . Tli e character of the soil within them shows 
that these basins are entirely different from the 
Solonetz microrelief basins on the Russian 

■ : ■ 

Figuke 57.—Profile of Richfield clay loam near 
Lubbock, Lubbock County, Tex. 

steppes and the slick spots of our own dry regions. The soils in these basins are very 
dark, almost black, the profile being essentially the same as that of the Pullman 
soils of the Amarillo region, though, so far as is now known, the modern soil does 
not cover an old buried soil. The soils on the slightly higher lying land around 
these basins are dark brown but much less dark than those in the basins. The 
former have reddish layers beneath the dark-colored layer, whereas the correspond¬ 
ing layer of the basin soils is brown. A well-defined carbonate-accumulation zone 
lies at a depth of 18 inches. 

The dark-colored basin soil is similar to the Chernozems of Kansas, and the soils 
on the higher areas fit more nearly into the local environment. The dark-colored 
basin soils have a considerably higher total moisture supply than the redder soils 
since they receive moisture lost by the higher lying soils through drainage. The 
basin soils support a more vigorous growth of grass, and the subsoils have been less 
oxidized and dehydrated. 

The composition of material from a profile of the dark-colored soils from near 
Lubbock, Lubbock County, Tex., is shown in Table 169. No material from the 
parent material beneath the carbonate zone was collected. Figure 57 shows a 
block of typical Richfield clay loam taken in this locality. 

Table 169.—Composition of Richfield clay loam, Lubbock County, Tex4 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe203 AI2O3 MnO CaO MgO KaO NaaO PaOs SOs 
Igni¬ 
tion 
loss 

Total N 

COa 
from 

carbo¬ 
nates 

Inches P. ct. P.ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. 

079. 64 0. 52 2. 74 8. 27 0. 03 0.63 0. 87 1.82 1. 12 0.10 0. 070 4.18 100. 00 
34764- 1 0-10 

U83. 09 .54 2.86 8. 36 .03 .66 .91 1.91 1.17 . 10 .070 _ 99. 97 _ — 

J«78. 97 .46 2. 89 9.12 .02 .78 1. 10 1. 75 .72 .04 .050 4. 10 100. 00 
34765_ 2 10-18 

U82.33 .48 3. 01 9.51 .02 .81 1. 15 1.82 .75 .04 .050 _ 99. 97 _ — 

/«55. 66 .43 2. 72 8. 45 .03 14. 09 1.67 1.34 .30 .09 .003 15. 22 100. 00 
34766_ 3 18-25 

U65. 66 .51 3. 21 9. 97 .04 16. 62 L 92 1.58 .35 . 11 .004 99. 97 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

34764_ 1 0-10 0.0 0.2 3.2 19.3 21.8 25.4 30.0 99.9 

34765_ 2 10-18 .0 .2 3.0 18.2 18.1 23.7 36. 8 100.0 

34766_ 3 18-25 .1 .4 2.6 15.2 14.0 21.8 46.0 100.1 

1 Collected by C. P. Marbut. 
2 Analyzed in the division of soil chemistry, Bureau of Soils, Feb. 15, 1918. 
» Analyzed by H. W. Lakin. 

Table 170.—Sample of a Chernozem soil, Lubbock County, Tex. 

Sample No. 
Depth in 

inches 

Ratios 
Percentage calculated to a 

total of 100 

Percentage calculated to con¬ 
stant percentages of CaO 
and MgO 

sa sf ba SiOa Fe203 AI2O3 Si02 Fe203 AI2O3 

34764 0-10 16.89 20.00 89.16 3. 03 8. 86 82.73 2.84 8.33 

34765 10-18 14. 71 72. 48 86. 80 3. 17 10. 01 81.79 2. 99 9. 44 

34766_ 18-25 11.19 54.19 83 28 4. 07 12. 64 78. 67 3. 84 11. 94 

The recalculated tables and the ratios show a content of silica in the carbonate 
layer lower than in the overlying layer. The low percentages in the two sections 
showing the recalculated composition in Si02, Fe203, and A1203 indicate that there is 
at least no increase of silica in this layer, and the high percentage of alumina in both 
sections, for this layer, together with the low sa ratio, make it clear that a higher 
percentage of alumina is actually present. This is a relationship entirely different 
from that in the other Chernozems. In those previously examined there is certainly 
no lower percentage of silica than in the higher layers, and there is some indication in 
most of the soils that it is actually higher. The higher percentage of alumina in the 
carbonate zone is equally unusual. The only suggested reason for this is the presence 
of a rather deep Solonetz layer regarding which field evidence is not available. 

The eastern part of the Chernozem belt in Nebraska and Kansas includes soils 
with heavy clay layers in the lower part of the solum, which are usually described as 
claypan soils. In Nebraska they have developed from silty materials identified by 
Nebraska geologists as loess. In Kansas they have developed from the products of 
disintegration of shales and limestones. The shales are usually more or less calca¬ 
reous. The composition of a sample of soil from Belleville, Republic County, Kans., 
belonging in this group, but in which the claypan is not highly developed, has been 
described on page 68. 

The composition of material from a profile of this kind from Fairmont, Fillmore 
County, Nebr., is shown in Table 171. The locality from which the sample was 
taken is near the eastern boundary of true Chernozem soils in which the carbonate 
zone, as a zone of accumulation, is very slightly developed. 

Table 171.—Composition of Crete silt loam, Fairmont, Fillmore County, Nebr4 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe2C>3 A12Os MnO CaO MgO K20 Na20 P2Os SOs 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P.ct. P.ct. P. ct. P. ct. P.ct. 

f «71.47 0.61 3. 30 10. 87 0. 060 1.24 0. 80 2.39 1.36 0.17 0.08 7.35 99. 70 0.210 
32395_ 1 0- 6 {*>77.13 .66 3. 56 11. 73 .060 1.34 .94 2. 58 1.47 .18 .09 _ 99. 74 _ _ 

f <*71. 54 .69 3. 47 11.34 .060 1.13 .70 2. 22 1.22 .17 .08 7. 20 99. 80 .200 — 

32396_ 2 6-15 \*>77 09 .72 3.74 12. 22 .060 1.22 .75 2. 39 1.31 .18 .09 _ 99.77 — 

f <*65. 43 .62 5.69 15. 26 .060 1.29 1.31 2.03 1.14 .15 .08 6.15 99.21 .100 _ 
32397_ 3 15-36 \ *>69. 72 .66 6. 06 16. 26 .060 1.37 1.40 2.16 1.21 .16 .09 _ 99. 20 — _ 

f«70. 08 .58 4. 35 14. 02 . 100 1.61 1.57 2. 53 1.37 . 16 .04 3.91 100. 26 .058 
32398_ 4 36-44 \ *>72. 92 .60 4. 53 14. 59 .104 1.67 1.57 2. 63 1.43 .17 .04 _ 100. 25 _ _ 

f°68. 45 .59 4. 35 14. 02 .080 2. 27 1.68 2.51 1.44 .17 .07 4.61 100. 24 .031 0.78 
32399_ 5 44-60 im. 79 .62 4. 56 14. 70 .084 2. 38 1.76 2. 63 1.51 . 18 .07 ______ 100. 28 

—— 

Mechanical3 

Sample No. 

32395 
32396 
32397 
32398 
32399 

Hori¬ 
zon 

Depth 

Inches 
0- 6 
6-15 

15-36 
36-44 
44-60 

Fine Coarse Medium Fine Very fine Clay (di- Total 
gravel sand (di- sand (di- sand (di- sand (di- ameter 

(diame- ameter ameter ameter ameter 0.05-0.005 
0.005- 

ter 2-1 1-0.5 0.5-0.25 0.25-0.1 0.1-0.05 mm) 
0.000 

mm) mm) mm) mm) mm) mm) 

Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

0. 2 0.3 0.1 1.7 25.6 54.4 18. 5 100.4 

. 1 .2 .2 1.2 25. 7 57.7 14.8 99.9 

. 0 . 1 .0 .4 13.1 54.4 32. 2 100.2 

. 0 .0 .0 .3 23.9 57.0 18.9 100. 1 

.0 . 1 .1 .4 18.1 59.0 22.2 99.9 

i Collected by T. D. Rice. 2 Analyzed by G. J. Hough. 3 Analyzed by J. B. Spencer. 

The profile was not sampled in such a way as to show whether the carbonate, 
beginning at a depth of 44 inches, is accumulated carbonate or parent-rock carbonate. 
The percentage of carbonate to a depth of 60 inches is low. The claypan begins at a 
depth of 15 inches and extends to 36 inches, below which the material is heavier than 
that above the claypan but less heavy than the claypan. The claypan contains an 
apparent accumulation of iron oxide as well as of alumina but does not include an 
accumulation of alkalies and alkaline earths as a whole or of any one of them. This 
sample can not be considered as an illustration of claypan soils in extreme develop¬ 

ment. 
According to the mechanical analysis, the percentage of clay m the claypan is 

considerably higher, in proportion to that in the material either above or below it, 
than is that of alumina or of sesquioxides in proportion to the percentages of the same 
substances above and below them. The percentage of clay in the claypan is more 
than twice that in the overlying layer and nearly 80 per cent more than that m the 
immediately underlying layer. _ _ . 

The several ratios, molecular equivalents, and silica with sesquioxides calculated 

are shown in Table 172. 

Table 172.—Sample of Crete silt loam, 3 miles west of Fairmont, Fillmore County, Nebr. 

Sample No. 

32395 - 
32396. 
32397. 
32398. 
32399. 

Depth in 
inches 

Ratios 
Percentage calculated to a 

total of 100 

Percentage calculat 
stant percentage, 
and MgO 

ed to con- 
of CaO 

sa sf ba Si02 Fe203 AI2O3 Si02 Fe203 AI2O3 

0- 6 
6-15 

15-36 
36-44 
44-60 

11.17 
10. 72 

7. 29 
8.49 
8. 30 

57.41 83. 45 3.85 12.69 77. 38 3.57 11. 77 

54. 62 82.83 4.09 13.13 77.09 3.74 12. 22 

30. 48 75. 75 6.58 17. 66 70. 29 6.11 16. 39 

42. 66 79. 22 4. 92 14. 76 73.86 4.59 14. 77 

41. 72 78.84 5.01 16.14 73. 36 4. 66 15. 02 

The percentages of alumina and iron oxide are both moderately low, and that of 
alumina in the carbonate zone is a little higher than in the higher layers, despite the 
presence of 16 percent of CaO. 

The results of recalculation of the percentages of silica and the two principal 
sesquioxides, both to a total of 100 and to a uniform composition, in all horizons, of 
a constant percentage of CaO and MgO are shown in Table 170. The sa and sf 
ratios are shown as part of the same table. 

In this profile, material was not collected from beneath the carbonate zone, and 
the development of that zone is slight. The low ratios in layer 3 (15 to 36 inches), 
as well as the low percentages of silica when silica and sesquioxides are calculated to 
100 and to a constant percentage of CaO and MgO, are very marked. The low sa 
ratios could be caused either by a low percentage of silica or a high percentage of 
alumina. In this case the recalculated percentages in the last two sections of the 
table show somewhat higher silica in the carbonate zone than in layer 3 yet not so 
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much as in layers 1 and 2. The percentages in layers 3, 4, and 5 are nearer alike than 

are those in layers 1 or 2 and 3. If silica has been, removed from layer 3 to an extent 

sufficient to account entirely for the low ratio and its low percentage there should be 

a percentage in the carbonate zone higher than that present in either of the last two 

sections of the table and it should stand equal to or higher than that in layers 1 and 2. 

Since this is not the case, it is clear from the chemical data alone that the low ratios 

and the low percentages of silica in layer 3 are due, at least mainly, to the concentra¬ 

tion of alumina, and the high percentages of silica in layers 1 and 2 are due to the 

removal of alumina from these layers. The alumina has concentrated in and below 

layer 3. ... 
The very slight acidity of layers 1 and 2 indicate that this apparent eluviation is 

not the result of podzolization mainly, though it may have been a small contributing 

factor, but the physical character of layer 3 suggests that it is a layer of concentration 

due to the presence of carbonate of soda. It is apparently an incipient Solonetz, 

though no base-exchange studies have yet confirmed this interpretation. 

A Crete silt loam profile from a point on the Chicago, Burlington & Quincy Kail- 

road, 20 miles west of Lincoln, Nebr., has attained a more advanced stage of develop¬ 

ment of the layer of apparent alumina concentration than has that from Fairmont, 

Nebr. The composition of this material is shown in Table 173. 

Table 173.—Composition of Crete silt loam, Lincoln, Nebr.1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe203 AI2O3 MnO CaO MgO KzO Na20 P205 SO3 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

P ct. P. Ct. P. ct. P. ct. P.d. P. ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. 

fa73. 96 1. 66 2. 42 9.61 0.04 0. 82 0. 33 1. 76 1.10 0. 22 0.14 7.94 100. 00 0.150 — 

34756_ 3 0- 6 \ WO. 30 1.80 2. 63 10. 44 .04 .89 .36 1.91 1.19 .24 .15 100. 01 

fa73. 81 1.44 2.50 10. 54 .05 .81 .37 1.82 .80 .24 . 14 7.48 100.00 . 150 

34757_ 2 6-13 \*>7Q 70 1. 56 2. 70 11. 39 .05 .88 .40 1.97 .86 .26 . 15 — 99. 98 — — 

/a74. 51 1.66 2.74 10. 72 .04 .77 .44 1. 32 .74 .13 .07 6. 86 100. 00 . 120 

34758_ 3 13-15 \ b79. 99 1. 78 2. 94 11.51 .04 .83 .47 1.42 .79 . 14 .08 — 99. 99 — — 

/°60 80 1. 80 3. 63 22. 85 .04 .96 .71 1.74 .88 .31 .09 6.13 100. 00 . 120 

34759_ 4 15-32 p64. 83 1.92 3. 87 24. 34 .04 1.02 .76 1.85 .94 .33 . 10 ...... 100. 00 

Mechanical3 

34756. 
34757. 
34758. 
34759. 
34760. 

Sample No. 
Hori¬ 
zon 

1 
2 
3 
4 
5 

Depth 

Inches 
0- 6 
6-13 

13-15 
15-32 
32-40 

Fine 
gravel 

(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

0. 0 0.0 0.0 0.6 23.1 61.9 14.3 99.9 

0 0 0 .4 22.2 64.1 13.5 100.2 

0 0 0 .2 20.8 64.2 15.2 100.4 

0 0 0 .4 17. S 49. 5 32.4 100.1 

0 0 0 .2 22.1 54. 6 23. 3 100.2 

i Collected by C. F. Marbut. 

3 Analyzed in the division of soil chemistry, Bureau of Soils, Feb. 15, 1918. 

3 Analyzed by V. Jacquot. 

It will be noted that the deepest layer included in the chemical composition table 

lies between 15 and 32 inches, or in the carbonate zone, whereas mechanical composi¬ 

tion of material from an underlying layer is shown in the mechanical analysis table. 

The percentage of clay in the layer extending from 15 to 32 inches is 32, more than 

twice as much as that in the overlying layers, and that in the underlying layer is 9 

per cent lower. The percentage of alumina in this zone of clay concentration is 

more than twice that in either of the overlying layers. 
The percentage of organic matter is not high, but the soil is impregnated with 

considerable organic matter to a great depth, the percentage in the zone of clay con¬ 

centration being but little less than in the surface soil. The percentages of alkalies 

and alkaline earths are so uniform throughout the profile that there seems to be no 

reason for computing the percentages of silica and sesquioxides either to a total of 

100 or to a constant percentage of CaO and of MgO. 
It has already been stated (p. 80) that central Washington and the northeastern 

part of Oregon with adjacent parts of Idaho constitute a miniature Great Plains 

region. From the point of view of its soils it is more complete than the Great Plains 

proper, since it includes the whole range of Pedocals from Chernozems to the Gray 

Desert soils. Only one profile of the Chernozem soils of the region has been studied 

in both the field and laboratory. It was not properly sampled, since no material was 

collected from either the carbonate zone or the parent material. The chemical com¬ 

position of material from the upper horizons is shown in Table 174. No comparisons 

with the parent material can be made, but the uniform composition of the several 

layers to a depth of 35 inches shows that eluviation has not taken place. This soil 

is less eluviated than the Amarillo soils, probably because it is less sandy. 

In the following brief discussion of their composition the Dark-Brown and Biown 

soils will not be differentiated except in a general way, but the members of the dai ver 

groups will be mentioned first. It will be noted that no attempt is made to designate 

horizons by the letters A, B, and C, the several layers, each differing from those 

adjacent to it, both above and below, being designated by number, beginning wit 

the surface layer, order, or depth. 
The Mandan (N. Dak.) experiment station lies in the eastern part of the belt 

of Dark-Brown soils. The chemical and mechanical composition of material fiom a 

profile on the upland of the station farm are shown in Table 175. 

Table 175.— Composition of Dark-Brown silt loam, Mandan, N. Dak.1 

Chemical 2 

Sample 
No. 

Hori¬ 
zon 

Depth 

Si02 Ti02 Fe203 AI2O3 MnO CaO MgO K20 Na20 P2Oo 

Inches P. ct. P.ct. P. ct. P.ct. P. ct. P.ct. P.ct. P. ct. P.ct. P.ct. 

r°70. 31 0. 57 3. 47 12.47 0. 0S7 1.12 0. 76 2. 52 1.05 0.17 
2S703 1 0- 7 

\m. 10 .62 3. 75 13. 50 .094 1.21 .82 2. 73 1.14 .18 

jo-70. 74 .66 4.03 13.18 .079 1.08 1. 53 2.34 1.10 . 17 
28704_ 2 7-24 

U74.40 .69 4.24 13. 86 .083 1. 14 1.61 2. 46 1.16 .18 

J'a60. 71 .55 3.91 12. 97 .055 6. 69 2. 69 2. 28 .91 . 17 
28705_ 3 24+ K66.85 .61 4. 30 14. 28 .061 7. 36 2. 96 2. 51 1. 00 .19 

SOs 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

P. ct. 
0.11 

. 12 

.09 

.09 

.09 

. 10 

P. ct. 
7. 64 

l."89~ 

P.ct. 
100. 28 
100. 27 
99. 89 
99.91 

100.19 
100. 22 

P.d. 
0. 244 

“”.”116’ 

P.ct. 

— 

9.16 .065 5. 65 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

28703 1 0- 7 0.5 0.9 0.8 8.4 24.2 54.9 10.3 100.0 

28704 2 7-24 .4 .4 .6 10.0 38.0 43. 0 8. 0 100.4 

28705_ 3 24+ .2 .7 .8 16. 0 25.2 42.4 14.7 100 0 

1 Collected by C. F. Marbut. 2 Analyzed by G. Edgington. 3 Analyzed by J. B. Spencer. 

The percentage of organic matter (nitrogen) is high for the Dark-Brown soils, 

being higher than in the soils of the Chernozem belt south of South Dakota, and the 

dark-colored layer is thick. Carbonate accumulation is well defined, but the percentage 

of alumina is higher in the carbonate layer than above it. That of silica is lower. 

The sa and sf ratios as well as the percentages of Si02 and of each of the princi¬ 

pal sesquioxides calculated to a total of 100 and to a constant percentage of CaO 

(1.00) and of MgO (0.80) are shown in the several parts of Table 176. 

Table 176.—Sample of a Dark-Brown soil, Mandan, N. Dak. 

Sample No. 
Depth in 

inches 

Ratios 
Percentage calculated to a 

total of 100 

Percentage calculated to con¬ 
stant percentages of CaO 
(1.00) and MgO (0.80) 

sa sf ba Si02 Fe20s AI2O3 Si02 Fe2(>3 AI2O3 

0- 7 8. 95 53. 77 81.52 4.02 14. 46 76.27 3. 76 13.53 

7-24 9.20 46. 50 80.43 4.58 14.98 75.11 4.28 13.99 

28705_ 24+ 7.96 41.20 78.25 5. 03 16.71 72. 55 4. 66 15.49 

The percentage of clay in the surface soil includes finely divided organic matter. 

The mechanical analysis of this sample was not made after removal of organic matter. 

The low percentage of clay in the second layer seems to be owing to the occurrence 

of a high percentage of very fine sand. It is geological, apparently, rather than 

pedological. 
These results seem to be consistent in showing that no shifting of silica from 

layer 2 to the carbonate zone can have taken place. If any shifting of silica has taken 

place at all it has been away from the carbonate zone rather than to it. The higher 

percentage of sesquioxides in the carbonate zone is responsible for the low percentage 

of silica in the same zone, but in a soil where podzolization has not taken place the 

higher percentage of sesquioxides does not seem to be the result of shifting from over- 

lying layers. The marked differences in all the constituents shown in the last two 

sections of the table seem to be due to parent material differences or to ground water. 

No information regarding the latter is available, and the probability of its presence 

is not great although the sample was taken on a rather large area of smooth relief. 

It is more probable that the differences are caused by parent material differences. 

The chemical and mechanical composition of material from a profile of a Dark- 

Brown fine sandy loam from Williston, N. Dak., are shown in Table 177. 

Table 177.—Composition of Dark-Brown fine sandy loam, Williston, Williams County, N. Dak.1 

Table 174.—Chemical composition of Palouse silt loam, North Pine, Wash1 2 

Sample 
No. 

Hori¬ 
zon 

Depth Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P205 SO3 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

P.ct. P. ct. P. ct. P.ct. P. ct. P.ct. P. ct. P. ct. P.ct. P. ct. P.ct. P. ct. P.ct. P. ct. 

r«fi4 15 0. 83 5.40 16. 52 0.08 1.62 1. 10 1.92 1.38 0. 32 Trace. 6. 68 100. 00 0.190 — 

34705_-_ 1 0 -10 \bfiR 74 .89 5. 79 17. 70 .08 1.74 1. 18 2. 06 1.48 .34 ___do__ — 100. 00 — — 

jaCA 21 .83 6. 05 16. 62 .08 1.54 .99 2. 14 1.62 .29 ___do__ 5.63 100. 00 . 140 — 

34706.-- 2 10 -23i \W8 04 .88 6. 41 17. 61 .08 1.63 1.05 2. 27 1.72 .31 ___do__ _ 100. 00 — — 

f«64 18 .83 5. 57 17.39 .08 1.44 1. 32 2.06 1.84 .30 ___do__ 4.99 100. 00 . 080 — 

34707--- 3 23+35 
U67. 55 .87 5.86 18. 30 .08 1. 51 1.39 2.17 1. 94 .31 ___do__ - - 99. 98 

1 Collected by C. F. Marbut. 2 Analyzed in the division of soil chemistry, Bureau of Soils, Mar. 15, 1918. 

COMPOSITION OF THE DARK-BROWN AND BROWN SOILS 

The chemical composition of the Dark-Brown (Chestnut-Brown), Brown, and 

Gray soils of the Pedocal group has been determined for a number of profiles. In 

most cases samples were not collected below the zone of carbonate accumulation. 

The Dark-Brown and Brown soils occur on the Great Plains, east of the Rocky 

Mountains, and in small areas on high plateaus and on mountain slopes within the 

various mountains of the West and in the Great Basin, as well as in narrow belts in 

the central parts of the States of Washington and Oregon. Definite boundary lines, 

either geographic or pedologic, between the various members of the Pedocals east of 

the Rocky Mountains have been approximately located only. They are all grassland 

soils, and those on the Great Plains become progressively lighter in color from east to 

west. 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P2O5 SOs 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

P. ct. P.ct. P. ct. Pd. P d. P.ct. P.d. P. ct. P.ct. P.d. P. ct. P. ct. P. ct. P. d. P. ct. 
r«74.15 0.63 2. 78 11.35 0.060 1.33 0. 80 2. 25 1.22 0.16 0.09 6. 06 100.88 0. 210 0.12 

28694_ 1 0-1 \378. 92 .67 2. 96 12. 07 .060 1.42 .85 2. 39 1.30 .17 .10 100.91 
r«74. 05 .55 3.47 11. 59 .067 1.17 .92 2. 26 1.35 .11 .14 4. 85 100. 53 . 150 

2S695_ 2 1^4- 7 U77.80 .58 3. 65 12.17 .070 1.23 .97 2.38 1.42 . 12 .15 100. 54 
f «74. 23 .56 3. 35 12.05 .074 1.20 1.11 2. 18 1.25 .09 . 11 3.96 100.16 .090 

28696_ 3 7-12 
P77. 30 .58 3. 49 12.54 .077 1. 25 1.16 2.27 1. 30 .09 . 11 100.17 
jo64. 53 .52 3. 47 12.21 .093 5. 79 2.00 2. 33 .91 . 16 .06 8. 21 100.28 .077 4. 73 

28697_ 4 12-30 \N0.28 .57 3. 78 13. 30 .101 6.31 2.18 2.54 .99 .17 .07 — 100. 29 

Sample No. 

28694 
28695 
28696 
28697 

Hori¬ 
zon 

Depth 

Inches 
o-m 

IK- 7 
7-12 

12-30 

Mechanical3 

Fine 
gravel 

(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 
mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
0.2 1.9 2.6 20. 2 26.0 42.0 7.0 99.9 
.0 1.4 2.8 21.0 28.3 38.7 7.3 99.5 
. 1 1.1 2.5 24.0 26.5 37.4 8.3 100.0 
. 1 .4 .7 11.9 24.9 47.5 15.1 100.6 

i Collected by C. F. Marbut. 2 Analyzed by G. Edgington. 1 Analyzed by 1. B. Spencer. 

This profile is less dark than the profile at Mandan. The soil lies farther west 

than the latter and in a region where precipitation is somewhat lower. It contains a 
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higher percentage of A1203, and this is a factor in determining the color. The thickness 

of the dark-colored layer is less, and the depth to the carbonate accumulation zone 

is less. The carbonate zone is well developed, and field evidence shows it to be a 

zone of accumulation though the composition of the parent material is not shown in 

the analysis tables. 
The sa and sf ratios and the composition of silica and of the principal sesquioxides 

calculated to a total of 100 and to a constant percentage of CaO and MgO are shown 

in Table 178. 

Table 178.—Sample of a Dark-Brown fine sandy loam, Williston, N. Dak. 

Sample No. 

28694. 
28695. 
28696. 
28697. 

Depth in 
inches 

Ratios 
Percentage calculated to a 

total of 100 

Percentage calculated to con¬ 
stant percentages of CaO 
and MgO 

sa sf ba Si02 Fe2Ch AI2O3 SiOa Fe203 AI2O3 

0-1)4 
m- 7 
7 -12 

12 -30 

11.11 70. 65 84.00 3.15 12. 85 79.05 2. 96 12.09 

10. 86 
10. 48 
8 98 

56. 47 83.10 3. 90 14. 06 77.87 3. 65 12.17 

58. 70 82.82 4. 22 13. 43 77. 53 3. 50 12.57 

49. 27 80.76 4. 32 15. 22 74. 77 4. 02 14.14 

As in the Mandan profile the percentage of silica in the carbonate zone is low 

and that of each of the sesquioxides is high. The percentage of increase of Fe203 

over that in layer 3 is about 15, and that of alumina is about 12.5. An increase of 

silica in the carbonate zone would cause the percentages of the sesquioxides to 

decrease. It is evident that no accumulation of silica has taken place in the car¬ 

bonate zone, but both iron oxide and alumina have accumulated. 
The chemical and mechanical composition of material from a profile of a Dark- 

Brown soil (Rosebud silt loam) near Dalton, Nebr., are shown in Table 179. 

Table 179.—Composition of Rosebud silt loam, Dalton, Nebr.1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe2C>3 AI2O3 MnO CaO MgO K2O Na20 P205 SOs 
Igni¬ 
tion 
loss 

Total N 

coa 
from 
car¬ 
bon¬ 
ates 

Inches P ct. P. ct. P. ct. P. ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. P. ct. P. ct. P. ct. P. ct. 

f«70 98 0.62 3. 58 12. 20 0. 62 1.74 1.15 2.81 1.53 0.12 0. 02 6.07 101. 44 0.10 

28744_ 1 0- 4 \b75 52 .66 3.81 12. 97 .66 1.85 1.23 2. 99 1. 63 . 13 .02 — 101. 47 — — 

f °70. 70 .64 3.80 13.51 .59 1.75 1. 17 2. 82 1.46 .11 .02 3. 65 100.22 . 06 

28745_ 2 5-14 86 .66 3.94 14. 02 .61 1.82 1.21 2. 93 1.51 .11 .02 — 100.19 — — 

(a66 27 .60 3.80 13. 38 .04 4. 42 1.60 3.07 1.55 .13 . 20 5. 60 100. 66 . 05 

28746_ 3 14-38 f <>70. 20 .64 4. 02 14.18 .04 4. 68 1.69 3. 25 1.64 .14 .21 100. 69 

— 

Sample No. 

28744. 
28745. 
28746. 

Hori¬ 
zon 

Mechanical3 

Depth 
Fine 

gravel 
(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches 
0- 4 
5-14 

14-38 

Per cent 
0.2 
.6 
.2 

Per cent 
1.2 
.9 
.7 

Per cent. 
1.1 
.8 
.4 

Per cent 
8.4 
6.2 
3.9 

Per cent 
49.0 
47.9 
50.2 

Per cent 
34.7 
32.5 
33.5 

Per cent 
5.6 

11.2 
11.3 

Per cent 
100.3 
100.1 
100.2 

i Collected by C. F. Marbut. 
3 Analyzed by J. B. Spencer. 3 Analyzed by W. O. Robinson and G. J. Hough. 

This soil has been given recognition in the detailed work of the Soil Survey as a 

soil series under the name of Rosebud. It occurs over a wide area in western Nebraska 

and adjoining States. Material from the C horizon was not collected, the lowest 

layer sampled being the carbonate layer. The percentage of organic matter is 

lower than in the samples from Mandan and Williston, N. Dak. The carbonate 

accumulation is definite but not high. . 
The sa and sf ratios and the percentages of silica and of each of the sesquioxides 

recalculated to a total of 100 and to constant percentages of CaO and of MgO are 

shown in Table 180. 

Table 180.—Sample of Rosebud silt loam, Dalton, Nebr. 

Sample No. 

28744. 
28745. 
28746. 

Depth in 
inches 

0- 4 
5-14 

14-38 

Ratios 

.89 

. 416 

52.54 
49. 34 
46. 27 

ba 

Percentage calculated to a 
total of 100 

Si02 

81.82 
80.33 
79. 41 

Fe203 

4.13 
4. 31 
4. 54 

AI2O3 

14.05 
15. 35 
16.04 

Percentage calculated to con¬ 
stant percentages of CaO 
and MgO 

Si02 

75. 58 
73. 38 
72. 56 

Fe2Os AI2O3 

3.81 
3.91 
4.15 

12. 98 
14.03 
14.68 

The same relationship of silica and sesquioxides to the carbonate-accumulation 

zone and that overlying it are shown as exist in the Mandan and Williston localities, 

but the differences are much less. Slight accumulation of sesquioxides has taken 

place in the carbonate zone with no accumulation of silica, or if there is any at all 

it is much less than that of alumina. Theoretically the trend should be reversed an 

accumulation of silica should take place without change of alumina, unless, under 

the circumstances, the solubility of silica be so much greater than that of the car¬ 

bonates of calcium and magnesium that the silica is carried into the immediately 

underlying layer. The number of profiles in which material from deeper layers has 

been analyzed does not seem to be sufficient to determine whether this be the case 

or not. . , . , _ 
The Rosebud soils cover, according to the soil map m this publication (pi. 5, secs. 

3 and 6), a large area of the Great Plains. It has already been stated that although 

the soils of all this area are similar and in general characteristics are like the Rosebud 

soils, the true Rosebud soils occur only in western Nebraska and adjoining parts of 

States bordering Nebraska. The experiment station farm at Ardmore, S. Dak., is 

on Rosebud soils. The composition of material from a profile on the station farm 

is shown in Table 181. 

-Composition of Rosebud silt loam, Ardmore, Fall River County, S. Dak.1 
Table 181. 

Sample 
No. 

28741. 

28742. 

28743. 

Hori- 
zon 

Depth 

Inches 

0- 2 

2-13 

13-36 

Chemical2 

S1O2 

P. ct. 
(“70. 05 
\f>75. 37 
r-62. 62 
P67.86 
J“57. 94 
\ (>64.35 

Ti02 

P. ct. 
1.08 
1.16 
1.15 
1. 25 
1.07 
1.19 

Fe203 

P. ct. 
4.34 
4.67 
6.20 
6. 72 
5. 19 
5. 76 

I 

AI2O3 

P. ct. 
11.19 
12.03 
15.07 
16. 32 
12. 62 
14. 02 

MnO 

P. ct. 
0.07 
.08 
.05 
.05 
.06 
.07 

CaO 

P. ct. 
1.20 
1.29 
1.45 
1.57 
7. 65 
8.48 

MgO 

P. ct. 
1.03 
1.11 
1.63 
1.77 
1.58 
1.75 

K2O 

P. ct. 
2. 58 
2. 78 
2. 51 
2. 72 
2. 17 
2. 41 

Na20 P2O5 

P. ct. P. ct. 
1.38 
1.48 
1.03 
1. 12 
1.07 
1.19 

0.19 
.20 
. 12 
.13 
.23 
.26 

SOs 

P. ct. 
0.74 
.80 

1.17 
1.27 
1. 06 
1.18 

Igni¬ 
tion 
loss 

P. ct. 
7.09 

9. 99 

Total 

P. ct. 
100. 94 
100. 97 
100. 75 
100. 78 
100. 63 
100. 66 

P. ct. 
0.190 

.180 

"."116" 

C02 
from 
car¬ 
bon¬ 
ates 

P. ct. 

4.83 

Table 181.—Composition of Rosebud silt loam, Ardmore, Fall River County, S. Dak.—Continued 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 

(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

28741 _ 
28742 _ 
28743 _ 

1 
2 
3 

Inches 
(h 2 
2-13 

13-36 

Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

6.9 
13.3 

10.3 
15.8 

6.6 
10.0 

7.5 
10.2 

6.0 
6.8 

16.8 
10.9 

43.8 
31. 7 

97.9 
98.7 

3 Analyzed by L. T. Alexander. 

The slight depth to the carbonate zone shows that the soil occurs in a region of 

low rainfall, but the percentage of nitrogen is high. The cover of grass is good. 

This area is within one of the soil belts surrounding the Black Hills, where the climate 

is cool and showers are somewhat more frequent than on the more exposed plains, 

although the total precipitation is low. Material from the C horizon was not 

analyzed. 
The sa and sf ratios and the percentages of Si02,Fe203, and A1203 when calculated 

to a total of 100 and also to constant percentages of CaO (1.25) and MgO (1.00) 

are shown in the several parts of Table 182. 

Table 182.—Sample of Rosebud silt loam, Ardmore, Fall River County, S. Dak. 

Sample No. 
Depth in 

inches 

Ratios 
Percentage calculated to a 

total of 100 

Percentage calculat 
stant percentages 
(1.25) and MgO ( 

ed to con- 
of CaO 

1.00) 

sa sf ba Si02 Fe2C>3 AI2O3 Si02 Fe2C>3 AI2O3 

28741 _ 
28742 _ 
28743 _ 

0- 2 
2-13 

1 13-36 

10. 650 
7.068 
7.803 

42. 77 
26. 76 
29.60 

81.86 
74. 65 
76.49 

5.07 
7.39 
6.84 

13.06 
17. 95 
16. 66 

75.45 
68. 60 
69.48 

4.68 
6. 79 
6.22 

12.05 
16. 50 
15.14 

The composition shows apparent concentration of both alumina and iron oxide 

in layer 2, a characteristic not present in most of the Pedocals shown on preceding- 

pages. Such a relationship could be brought about by accumulation of silica alone, 

without change of actual amount of other constituents, in layei 3. The morphology 

of the profile shows that layer 2 is a layer of heavy rather plastic clay. This is a 

Rosebud soil in which Solonetz development has taken place to a slight extent. 

Where such development has reached a more advanced stage, but where in other 

respects the features of the Rosebud series are dominant, the soils have been given 

recognition as independent soils in the Dawes series. 
The composition of material from a profile of Dawes silt loam in the Goshen 

Hole region of Wyoming is shown in Table 183. 

Table 183.—Composition of Dawes silt loam, Goshen Hole, Wyo.1 

Sample 
No. 

34700-1._ 

34702.. 

34703.. 

34704- 

Hori¬ 
zon 

Depth 

Inches 

0-12 

12-22£ 

221-33 

33-36 

Chemical2 

S102 

P. ct. 
«70. 20 
<>74. 08 

r»69. 26 
l <>72. 87 
J«62. 36 
(<>67.41 
(“62. 86 
(<>68. 90 

TiOa 

P.ct. 
0. 53 
.56 
.50 
.53 
.46 
.50 
.48 
.53 

Fe203 Al203 

P. ct. 
12.16 
12. 83 
13. 75 
14. 46 
13. 68 
14. 78 
11.73 
12.86 

MnO 

P. ct. 
0. 030 
.060 
.006 
.006 
.060 
.060 
.040 
.040 

CaO 

P. ct. 
2.86 
3.02 
2.26 
2. 38 
7.44 
8.04 
8.14 
8. 92 

MgO 

P. ct. 
1.56 
1. 65 
1.93 
2. 03 
1.90 
2.05 
1.95 
2.14 

K2O 

P. ct. 
2. 52 
2. 66 
2. 54 
2. 67 
2. 40 
2. 59 
2.41 
2. 64 

Na20 

P.ct. 
1.22 
1. 29 
1.04 
1.09 
1.06 
1.15 
1.14 
1.25 

P2O5 

P. ct. 
0.24 
.25 
.20 
.21 
.22 
.24 
.33 
.36 

SOs 

P.ct. 
0. 02 
.02 
.06 
.06 
.10 
. 11 
.03 
.03 

Igni¬ 
tion 
loss 

P. ct. 
5. 25 

~4.~9§" 

"7.50" 

"§."78 

Total N 

’. ct. 
. 100 

MOO 

.060 

."6§6‘ 

co2 
from 
car¬ 
bon¬ 
ates 

P. ct. 

Sample No. 

34700-1. 
34702.. _ 
34703.. . 
34704.. _ 

Hori¬ 
zon 

Depth 

Inches 
0 -12 

12 -22)4 
22}4-33 
33 -36 

Mechanical3 

Fine 
gravel 

(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 
mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 
mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Per cent 
0.1 
0 
0 
0 

Per cent 
0.2 
.1 
.1 
.0 

Per cent 
4.5 
.5 
.2 
. 1 

Per cent 
2.6 
3.4 
1.4 
.6 

Per cent 
32.5 
32.9 
22.8 
17.5 

Per cent 
39. 5 
35.8 
43.7 
59.4 

Per cent 
20.6 
27.2 
31.8 
22.4 

Per cent 
100.0 
99.9 

100.0 
100.0 

1 Collected by J. O. Veatch. . _ . ^ 1010 
2 Analyzed in the division of soil chemistry, Bureau of Soils, Feb. 15, 1918. 

3 Analyzed by H. W. Lakin. 

The percentages of clay in layers 3 and 4 are higher than those in the layers 

above or below. That of alumina is higher also, but not so high in proportion to the 

other layers as is the clay percentage. Iron oxide percentage in 4 is lower than m 

1 and 2 and in 3 is not significantly higher. The apparent accumulation in 3 and 4, 

therefore, concerns alumina alone rather than both the principal sesquioxides. There 

is an apparent well-defined accumulation of alumina above and m the upper part oi 

the carbonate zone. ^ ^ 
The sa and sf ratios and the percentages of Si02, Fe203, and A1203 calculated to 

a total of 100 and to constant percentages of CaO and MgO are shown in Table 184. 

Table 184.—Sample of Dawes silt loam, Goshen Hole, Wyo. 

Sample No. 

34700-1. 
34702. 
34703— 
34704— 

Depth in 
inches 

0 -12 
12 -22) 

22)4-33 
33 -36 

Ratios 
Percentage calculated to a 

total of 100 

Percentage calculated to con¬ 
stant percentages of CaO 
and MgO 

sa sf ba SiC>2 Fe203 AI2O3 Si02 Fe203 AI2O3 

9.80 
8. 57 
7. 75 
9.11 

54. 83 
52.19 
58. 57 
79.00 

81.86 3.95 14.18 74.76 3. 61 
3. 72 
3.24 
2. 48 

12.94 
14. 55 
15. 72 
13.80 

79.93 4. 06 15.88 73. 35 

79.08 3. 58 17. 34 71. 68 

81. 95 2. 75 15.29 73.93 

2 Analyzed by F. A. Barker. 

The same accumulation of alumina and iron oxide in the layers immediately 

above the carbonate zone and below the surface layer has taken place here as m t le 

Ardmore profile, but the concentration is greater, the content of alumina m layer 3 

is nearly 17 per cent higher than that in the carbonate layer, and that of iron oxide 

is nearly 30 per cent higher. The surface soil to a depth of 12 inches has a lower 

percentage of alumina than any of the other layers, but the content of iron oxide is 

higher than that in the carbonate zone or the layer immediately above it. 
i Collected by C. F. Marbut. 
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The composition of material from a profile of a Dark-Brown soil, about the 

equivalent of the Rosebud, from the Agricultural Experiment Station farm at Dickin¬ 

son, N. Dak., is shown in Table 185. 

Table 185.—Composition of a Dark-Brown fine sandy loam, Dickinson, N. Dak.1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

SiOz TiOj Fe203 AI2O3 MnO CaO MgO K20 Na20 P2O5 SO3 
Igni¬ 
tion 
loss 

Total N 

CO2 
from 
car¬ 
bon¬ 
ates 

P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. 

f«68. 00 0.62 3. 93 11.50 0. 05 1.25 1. 13 2. 43 1.60 0. 19 0. 30 8. 52 99. 52 0. 290 — 

28711_ 1 0- 7 H74. 34 .68 4. 30 12.58 .05 1.37 1.23 2. 65 1.75 .21 .33 _ 99.49 _ — 

/«68. 00 .68 5. 57 13.59 .05 1.23 1.69 2. 45 1.33 .16 .31 6. 05 101.11 . 120 
28712_ 2 7-14 \ *>72. 38 .72 5. 93 14. 46 .05 1.31 1.80 2. 61 1.42 .17 .33 _ 101.14 _ _ 

j <*64. 60 .76 4. 92 13.50 .04 3.49 2.24 2. 24 1.32 .16 .36 7.17 100. so .070 1.74 
28713_ 3 14-40 p69. 58 .82 5. 30 14.53 .04 3. 76 2. 41 2. 41 1.42 .17 .39 — 100. 83 — — 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 

uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

9^711 1 0- 7 0.2 1.7 3.0 28.1 24.8 28.5 13.7 100.0 

28712 2 7-14 .4 1.2 2.3 20.7 24.0 36.2 15.2 100.0 

28713....-- 3 14-40 .0 2.0 9.1 26.6 21.6 26.3 19.4 100.0 

1 Collected by C. F. Marbut. 2 Analyzed by G. J. Hough. 3 Analyzed by J. B. Spencer. 

The texture is fine sandy loam. The top of the zone of carbonate accumulation 

lies at a depth of 14 inches, which seems to be a little less than the average depth in 

the Rosebud soils, but the percentage of organic matter is higher than usual. The 

thickness of the dark-colored layer is fully equal to that of the Rosebud soils in 

general but a little less than in the Dalton, Nebr., profile. The complete analysis 

gives no suggestion of the presence in any layer of sesquioxide accumulation similar 

to that in the Goshen Hole, Wyo., and Ardmore, S. Dak., profiles. Parent-rock 

material below the zone of carbonate accumulation was not obtained. 

The sa and sf ratios and the percentages of silica and each of the important ses- 

quioxides calculated to 100 and to constant percentages of CaO and MgO are shown 

in Table 186. 

Table 186.—Sample of a Dark-Brown fine sandy loam, Dickinson, N. Dak. 

Sample No. 
Depth in 

inches 

Ratios 
Percentage calculated to a 

total of 100 

Percentage calculated to con¬ 
stant percentages of CaO 
and MgO 

sa si ba Si02 Fe203 AI2O3 SiOz Fe2C>3 AI2O3 

98711 0- 7 10.04 45. 81 81.49 4.71 13.79 74.41 4.30 12.59 

28712 7-14 8. 51 32. 34 77.91 6. 39 15.58 72. 82 5. 97 14. 55 

28713_ 14-40 8.14 34. 79 77. 82 5. 92 16. 25 72,13 6.49 15.06 

The close similarity of layers 2 and 3 as measured by the ratios and by the per¬ 

centages in both computations is very striking. In none of the other soils of the 

Dark-Brown group have the layers below the thin surface layer been so nearly alike. 

It is evident that practically no shifting of silica or of the sesquioxides has taken 

place. The high percentage of silica and low percentages of the sesquioxides in the 

surface soil as compared with the other layers shows the same characteristic as is 

present in greater or less development in all the Pedocals. It has already been 

briefly discussed on page 86. 
A Dark-Brown soil from near Gillette, Wyo., the composition of which is shown 

in Table 187, seems to have attained about the same stage of development as that at 

Dickinson and to have been influenced as little by the presence of salts or of any other 

factor tending to interfere with normal development as the soil at Dickinson. The 

percentage of clay in layer 2 is a little higher than in layer 1, but the difference is 

small. The low percentage in layer 3 is due to the presence of carbonate of calcium. 

Table 187.—Composition of a Dark-Brown sandy clay, Gillette, Wyo.1 

Sample 
No. 

28588 _ 

28589 _ 

28590 _ 

Hori- 
zon 

Depth 

Inches 

0-2 

2-9 

9+ 

Chemical2 

SiOz TiOz Fe2C>3 AI2O3 MnO CaO MgO K2O NazO P2O5 SOs 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. P. ct. P. ct. P.ct. 

“76.19 0.54 3. 00 10. 00 0.034 0.65 0.91 2. 72 0.85 0.11 0.21 4. 79 100. 00 0.160 Tr. 

b80. 01 .57 3. 15 10. 50 .036 .68 .96 2.86 .89 . 12 .22 _ 100. 00 _ _ 
“70. 25 .62 3.47 13. 20 .040 .99 1. 11 2.54 .87 .13 .24 6. 54 100. 00 .110 0.00 

66 8 71 14 18 040 1 06 1 19 2. 72 .93 . 14 . 26 100. 00 

“65. 59 .57 3.97 12.34 1 045 4.37 1.26 2. 18 1.54 .14 .19 7. 80 100. 00 .060 2.93 

671. H .62 4.31 13. 38 .049 4.74 1.37 2.36 1.67 .15 .21 99. 97 

Mechanical3 

Sample No. 
Hori¬ 
zon 

Depth 
Fine 

gravel 
(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 
mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

28588 _ 1 
Inches 

0-2 
Per cent 

0.2 
Per cent 

1.5 
Per cent 

1.0 
Per cent 

20.1 
Per cent 

27.7 
Per cent 

17.9 
Per cent 

21.4 
Per cent 

99.9 

28589_ 2 2-9 .7 .8 .9 22.4 22. 8 27.6 24.4 99.6 

28590_ 3 9+ . 1 .3 .8 23.1 29.4 31.8 14.4 99.9 

1 Collected by C. F. Marbut. 2 Analyzed by R. S. Holmes. 2 Analyzed by J. B. Spencer. 

A slight shifting of iron oxide into the carbonate zone seems to have taken place, 

accounting for the lower sf ratio for that layer. . 
No shifting of alumina has taken place, and the apparent shifting of silica is 

most easily accounted for by the result of the increased percentage of iron oxi e m 

the carbonate zone. 
The chemical composition of material from a profile of Dark-Brown soil at 

Colby, Ivans., which may be considered as a silty member of the Rosebud group, is 

shown in Table 189. 

Table 189.—Chemical composition of a Dark-Brown soil, Colby, Kans. 

Sample 
No. 

Hori¬ 
zon 

28028 

28029 

28030 

28031 

Depth 

Inches 

0- 

4- 5 

5- 9 

9-40 

SiOz 

P. ct. 
/“72. 91 
\m. 24 
f“70. 14 
U73. 66 
/«60. 69 
U66. 59 
/«62. 64 
U67. 47 

TiOz 

P. ct. 
0.53 
.55 
.52 
.55 
.49 
.54 
.52 
.56 

Fe203 

P. ct. 
3.31 
3. 46 
4. 42 
4. 64 
2.64 
2. 89 
3.28 
3. 53 

AI2O3 

P. ct. 
11. 52 
12.04 
12. 93 
13. 57 
11. 99 
13. 65 
11.68 
12. 58 

MnO 

P. ct. 
0.06 
.06 
.05 
.05 
.05 
.05 
.05 
.05 

CaO 

P.ct. 
1. 73 
1.81 
1.65 
1.73 
8. 53 
9. 36 
7. 79 
8. 39 

MgO 

P. ct. 
1.16 

.1.21 
1. 27 
1.33 
1.80 
1.97 
1. 87 
2. 01 

KzO 

P.ct. 
2. 23 
2. 33 
2. 41 
2. 53 
2.52 
2.76 
2. 57 
2. 77 

NazO 

P.ct. 
1.27 
1.33 
1. 61 
1. 69 
1. 45 
1.59 
1.47 
1.58 

P2O5 

P.ct. 
0.15 
.16 
.13 
.14 
. 16 
.18 
.18 
.19 

SOs 

P. ct. 
0.11 
.11 
.15 
. 16 
. 12 
.13 
.11 
.12 

Igni¬ 
tion 
loss 

P. ct. 
4. 35 

4. 82 

8.80 

"742 

Total 

P. ct. 
99. 33 
99. 30 

100. 01 
100. 05 
99. 24 
99. 21 
99.28 
99. 25 

N 

P. ct. 
0.160 

. 180 

"U40" 

"460" 

CO2 
from 
car¬ 
bon¬ 
ates 

P. ct. 

1 Collected by C. F. Marbut. 
2 Analyzed by W. B. Pope. 

The sa and sf ratios and the percentages of silica and of each of the important 

sesquioxides, calculated as in the preceding cases, are shown in Table 190. 

Table 190.—Sample of a Dark-Brown soil, Colby, Kans. 

Sample No. 
Depth in 

inches 

Ratios 
Percentage calculated to a 

total of 100 

Percentage calculated to con¬ 
stant percentages of CaO 
and MgO 

sa sf ba Si02 Fe2C>3 AI2O3 S1O2 Fe203 AI2O3 

28028 0- 1M 
4- 5 

10. 76 58. 39 83.10 3.77 13.12 76.48 3.47 12.08 

28029 9. 23 42.06 80. 18 5.05 14. 77 73. 92 4. 66 13. 62 

28030 5- 9 8. 61 61. 06 80. 59 3.49 15.91 72.34 3.14 14.28 

28031_ 9-40 9.12 50. 65 80. 72 4. 22 15. 05 72. 67 3. 80 13. 55 

The uniformity in the content of silica and each of the important sesquioxides in all 

the layers of the profile is striking. A slightly higher percentage of alumina in layer 3 

with the usual higher silica and lower content of sesquioxides in the surface layer, in 

this sample a thin layer, is the only variation from practical uniformity. The differ¬ 

ence between the content of silica in the surface layer and the lower layers is greater 

than usual, owing probably to the slight thickness of this layer. 

The chemical composition of material from a Dark-Brown soil at Cheyenne Wells, 

Colo., within a few miles of the Ivansas-Colorado boundary is shown in Table 191. 

Table 191.—Chemical composition of a Dark-Brown soil, Cheyenne Wells, Colol 2 

Sam¬ 
ple 
No. 

Hori¬ 
zon 

Depth SiOz Ti02 Fe203 AI2O3 MnO CaO MgO KzO NazO P2O5 SOs 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P .ct. F. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. 

(“72. 70 0. 450 2. 99 14.10 0.041 1.33 0. 66 1.49 2.86 0.037 0. 173 3.26 100. 09 0. 074 
28043 1 0- 2 

\t75.13 .460 3. 09 14. 57 .042 1. 37 .68 1.54 2. 96 .038 .179 100. 09 _ 

f“64. 60 .487 4.07 16. 90 .031 1.36 1.17 2. 59 3. 36 .012 . 188 5. 94 100. 71 . 146 
28044 2 2- 8 

U68. 67 .518 4. 33 17. 97 .033 1.45 1. 24 2. 75 3. 57 .013 .200 100. 74 

(“57. 80 .343 3. 85 13. 25 .036 9. 40 1.77 1.68 2. 62 .018 . 124 9.90 100. 79 .069 
28045 3 8-24 

1A64. 12 .381 4. 27 14. 70 .040 10. 42 1. 96 1.80 2.91 .020 . 138 100. 82 

f“63. 70 .427 3. 35 14. 30 .041 6.16 1.55 2. 20 2. 30 .031 .051 6. 55 100. 66 .017 
28046 4 24-40 

\668. 18 .457 3. 58 15.29 .044 6. 58 1.66 2. 35 2.46 .033 .055 — 100. 69 — — 

1 Collected by C. F. Marbut. 
2 Analyzed by G, J. Hough. 

The soil in this locality has developed from local material, whereas that at 

Colby was developed on silty material, presumably loess. The Cheyenne Wells 

soil is heavier than that at Colby, and the profile was sampled below the carbonate 

zone. 
The sa and sf ratios and the percentages of Si02, Fe203, and A1203 calculated to 

a total of 100 and also to constant percentages of CaO and MgO are shown in the 

several parts of Table 192. 

Table 192.—Sample of a Dark-Brown soil, Cheyenne Wells, Colo. 

Sample No. 
Depth in 

inches 

Ratios 
Percentage calculated to a 

total of 100 

Percentage calculated to con¬ 
stant percentages of CaO 
and MgO 

sa sf ba S1O2 Fe203 A12C>3 SiOz Fe203 A12C>3 

28043_ 0- 2 8. 768 64. 45 80.10 3.29 15.53 75.28 3.10 14. 60 
28044 2- 8 6.497 42.63 75. 48 4. 76 19. 75 69. 25 4. 37 18.12 

16.24 
16. 27 

2804b 8-24 7. 413 39.81 77.17 5.14 17.69 70.87 4. 72 
28046_ 24-40 7.573 50. 45 78. 32 4.11 17. 56 72. 54 3.81 

A slight accumulation of silica in the parent material, which may very well be 

due to the presence of a somewhat sandy stratum, and the concentration of alumina, 

in layer 2 are the two respects in which this soil differs from the soil at Colby, Kans. 

Since the increase in content in layer 2 is confined to alumina, it is evident that the 

difference is not due to a leaching of silica from this layer. If that were the case the 

percentage of iron oxide would be greater. 

COMPOSITION OF THE GRAY DESERT SOILS 

The sa and sf ratios and the percentages of silica and each of the sesquioxides 

calculated as in preceding cases are shown in Table 188. 

Table 188.—Sample of a Dark-Brown soil, 20 miles south of Gillette, Wyo. 

Sample No. 
Depth in 

inches 

Ratios 
Percentage calculated to a 

total of 100 

Percentage calculated to con¬ 
stant percentages of CaO 
and MgO 

sa sf ba SiOz Fe203 A12C>3 SiOz Fe203 Al203 

28588 0-2 12.950 67. 31 85. 42 3. 36 11. 21 80.20 3.16 10. 52 
28589 __ 2-9 9.046 53. 70 80. 82 3.99 15.19 75.83 3.74 14. 25 
28590_ 9+ 9.035 43. 72 80. 08 4. 85 15.07 74. 45 4. 51 14. 01 

The morphology of the Gray Desert soils has been described on page 81 of 

this publication. The chemical and mechanical composition of six samples from 

rather widely scattered points of the region east of the Sierra Nevada-Cascade 

Mountains and west of the Wasatch are shown in Tables 193, 195, 197, 199, 200, 

and 201. 

In general these soils do not effervesce at the surface, but carbonates lie within 

a few inches below. The analyst actually determined the presence of C02 from 

carbonates in only a few of the soils, but field evidence and the high percentage of 

CaO in all of them leave no doubt of the presence of carbonate of calcium at slight 

depth. In the sample from Twin Falls, Idaho, the absence of carbonates above a 

depth of 14 inches was definitely established. 



93 

SOILS OF THE UNITED STATES 

1 

> 

T 

* 

f 

In eveiy sample except that from Delta, Utah, the percentage of lime in the 

thin loose surface layer is lower than in the layer immediately beneath it. The 

sample from Delta, Utah, was taken from a locality where alkaline salts have been 

accumulating, due to irrigation, for half a century. If excess irrigation water has 

not flowed over the spot from which the sample was taken, wind has distributed 

sediment from overflow irrigation water widely over the area. 

The loose surface horizon of these soils, with relatively low CaO, is similar in 

morphological and chemical features with the similar surface layer in the Dark- 

Brown and Brown soils. 

The percentage of nitrogen is low, averaging less than 0.10 per cent in the 

horizons containing the organic matter. In this respect, in the presence of carbon¬ 

ates at or very near the surface and in details of profile character, these soils differ 

from the other Pedocal groups. 

The composition of Portneuf silt loam is shown in Table 193. 

Table 193.—Composition of Portneuf silt loam, Twin Falls, Idaho 1 

Sample 
No. 

540901.__ 

540902._- 

540903.__ 

Hori¬ 
zon 

Depth 

Inches 

0- 3 

4-14 

15-36 

Chemical2 

Si02 Ti02 Fe203 AI2O3 MnO CaO MgO K2O Na»0 P205 S03 
Igni¬ 
tion 
loss 

Total N 

P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. 
(“72. 44 0. 64 3. 92 12.16 0. 06 2. 04 1.47 2.57 1.77 0.17 0.13 3.63 101.00 0. 070 
\*75.14 .66 4.07 12. 62 .06 2.12 1.52 2.66 1.84 .18 .13 101. 00 
(“68. 69 .65 4. 30 12. 91 .05 2. 73 1. 75 2. 42 2.01 .20 .08 4. 85 100. 64 .080 
\*72.19 .68 4. 51 13. 56 .05 2.87 1.84 2.54 2.11 .21 .08 100. 65 
(“58. 06 .49 3.10 9.67 .05 10.80 3. 41 1.98 1. 80 .18 .20 11.30 101. 04 .030 
\*65.35 .55 3.49 10.89 .06 12.16 3. 84 2.23 2.03 .20 .23 — 101. 03 — 

C02 
from 
car¬ 
bon¬ 
ates 

P.ct. 

8.42 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
540901___ 1 0- 3 0.0 0.0 0.7 2.3 32.6 54.6 9.8 100.0 
540902--- 2 4-14 0 .4 .3 3.4 34.9 50.5 10.5 100.0 
540903___ 3 15-36 0 2.1 1.3 3.6 29.6 55.0 8.4 100.0 

1 Collected by Mark Baldwin. 2 Analyzed by G. J. Hough. 3 Analyzed by A. A. Riley. 

The mechanical composition table shows a slightly higher percentage of clay in 

the firm layer extending from 4 to 14 inches than in the thin loose surface layers. 

In the latter the percentage of sand of all classes is lower than in either of the other 

layers. That of silt is a little higher. 

The percentage of nitrogen is 0.07 in the thin loose surface layer and 0.08 in the 

firm structureless layer beneath. In the brush-land soils in general the second layer, 

as in the Brown soils of the grasslands, is the seat of maximum plant-root accumula¬ 

tion. The low percentages of nitrogen bring out the difference in this respect between 

the brush-land and grassland soils. The percentages of alumina and iron oxide in the 

thin loose surface layer are both a little lower than in the second layer, but those in the 

third layer are lower than in either of the other layers. It is evident that most, if not 

all, of this is due to the high percentages of CaO and MgO. 

The sa and sf ratios, the percentages of silica, iron oxide, and alumina calculated 

to a total of 100, and also to a constant percentage of CaO and MgO, are shown in the 

several parts of Table 194. 

Table 194.—Sample of Portneuf silt loam, Twin Falls, Idaho 

Sample No. 
Depth in 

inches 

Ratios 
Percentage calculated to a 

total of 100 

Percentage calculated to con¬ 
stant percentages of CaO 
and MgO 

sa sf ba Si02 Fe2C>3 AI2O3 Si02 Fe203 A12Oi 

540901 0- 3 10.12 48. 97 81.82 4.43 13. 73 75.24 4. 05 12.64 
540902 _ 4-14 9. 05 42. 64 80.44 5.04 14. 56 73.06 4. 56 13.72 
540903_ 15-36 10.20 49.62 81. 97 4. 38 13. 66 73.52 3. 93 12.25 

As in the Dark-Brown and Brown soils, the presence of slightly higher percentages 

of both iron oxide and alumina in the second, or firm, layer is shown in all the ratios 

and recalculated results. Since the iron-alumina ratios (not shown in the table) are 

slightly different in the several layers, it is clear that apparent accumulation in layer 2 

is not due to a removal of silica but is, in part at least, due to shifting of sesquioxides, 

though the amount is very small. The field evidence confirms the analytical evidence 

in the matter, however. 

In chemical profile features this profile seems to be in no feature fundamentally 

different from that of the Brown or Dark-Brown soils. Such differences as exist are 

differences of degree rather than of kind. 

The composition of material from a profile of Mohave loam from Buckeye, 

Maricopa County, Ariz., is shown in Table 195. 

Table 195.—Composition of Mohave loam, Buckeye, Maricopa County, Ariz.1 

Chemical2 

Sample Hori- 
Depth 

co2 
No. zon Igni- from 

Si02 Ti02 Fe203 AI2O3 MnO CaO MgO K20 Na20 P2O5 SO3 tion Total N car- 
loss bon- 

ates 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 
(“67.44 0. 60 5.31 14.40 0.100 2.04 1.52 2. 72 1.73 0. 22 0. 10 3. 35 99. 53 0. 030 0.20 
\*69. 78 .62 5.49 14. 90 . 100 2. 11 1.57 2. 82 1.79 .23 .10 _ 99. 52 _ 

6-14 
(“68.27 .61 5. 35 13. 86 .086 2.51 1.53 2.59 1.86 .12 . 11 3. 47 100. 36 .010 .56 
1b70. 69 .63 5. 54 14. 35 .089 2. 60 1.58 2. 68 1.93 .12 .18 100.39 
r«5i. 15 .45 3.77 9.39 .040 16. 07 1.60 1. 80 .90 .17 . 14 14. 06 99.54 .006 11.10 
\*>59 54 52 4 40 10 94 . 050 18.70 1. 86 2. 09 1.05 .20 .16 99. 51 
(“70.70 .48 5.10 12.40 .056 2.98 1.09 2. 18 1.92 .15 .13 2.38 99. 56 .000 .71 
\‘72.44 .49 5.22 12.70 .057 3. 05 1.12 2.24 1.97 .15 .13 — 99. 57 — 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 
mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
510944_ 1 0- 6 4.2 8.2 5.2 26.2 20.4 23.0 12.7 99.9 
510945_ 2 6-14 3.1 7.1 3.9 21.0 28.3 21.6 15. 1 100.1 
510947_ 3 20-50 10.5 11.0 4.2 11.2 15.5 33.1 14. 5 100.0 
510949 _ 4 68-78 11.9 23.4 13.1 25.3 12.1 11.4 2.8 1C0.0 

1 Collected by W. G. Harper and F. O. Youngs. 2 Analyzed by G. J. Hough. 3 Analyzed by V. Jacquot. 

Like the Twin Palls, Idaho, profile the surface layer contains a very low percent¬ 

age of organic matter. Carbonates are present in small amounts from the surface 

downward. This is a characteristic of the Gray soils of a considerable part of the area 

in which they occur, but is not universal, as the Twin Falls profile shows. It is 

apparent that the latter profile is more typical of a normally developed Gray soil 

than those with carbonates in the surface layer. The Twin Falls profile lies in a region 

where recent accumulation of material by sedimentation has not taken place. 

The soils of the greater part of the region, however, lie in situations where sedi¬ 

mentation may take place frequently. This is because of their situation on alluvial 

fan slopes, all of which are graded slopes but on which the intermittent streams building 

them may wander widely and deposit fresh material. Although the slopes are graded, 

they are still in process of gradation. The freshly deposited material is apt to be 

calcareous. While it is true that knowledge of Gray soils is very limited, it seems that 

their normal development removes the carbonates from the surface soil by the time 

maturity is reached. 

The sa and sf ratios and the percentages of Si02 and of each of the principal 

sesquioxides when calculated to a total of 100 and also to constant percentages of 

CaO and MgO are shown in Table 196. 

Table 196.—Sample of Mohave loam, Buckeye, Maricopa County, Ariz. 

Sample No. 
Depth in 

inches 

Ratios 
Percentage calculated to a 

total of 100 

Percentage calculated to con¬ 
stant percentages of CaO 
and MgO 

sa sf ba Si02 Fe2C>3 AI2O3 Si02 Fe2(>3 AI2O3 

510944_ 0- 6 7.92 33. 68 76.87 6. 22 16. 89 70. 25 5. 52 15. 00 
510945 _ 6-14 8.37 33.81 78.04 6.11 14. 35 71. 52 5.60 

5.17 
14. 52 

510947_ 20-50 9. 25 35.86 79. 38 5. 87 14.61 70. 00 12. 64 
510949_ 68-78 9.70 36. 77 80.16 5.77 14.05 74.01 5.33 12. 98 

These results show very strikingly that the Mohave profile in relative content 

of alumina in the several horizons is not identical with the profiles of the Portneuf soil 

or of the Dark-Brown and Brown grassland soils. The surface layer has a higher 

percentage of alumina than the one immediately underlying it. The sa and sf 

factors are very much alike for the carbonate layer and the layer beneath. The 

thickness of the surface layer will not account for the higher percentage of alumina 

on the supposition that it includes what corresponds to the loose surface layer and 

the firm layer in the Portneuf and other profiles, since the layer extending from 6 to 

14 inches lies above the carbonate-accumulation zone and corresponds therefore to 

the firm layer. The explanation of the unusual profile seems to lie in the topographic 

position of the Mohave soils and in the processes by which their material has been 

accumulated. They have developed from alluvial-fan material and on fans that are 

likely to be subjected at any time to the influence of sedimentation and shifting of 

material. They are well graded but are still in process of upbuilding. It is probable 

that the surface material of this Mohave profile, to a depth of several inches, has 

recently been shifted by flooding. The zone of carbonate accumulation is well 

defined, showing that the deeper layers of the profile have long been in place, but the 

surface layers seem to have been shifted recently. 

The mechanical composition of the whole soil, Table 195, shows that although 

the percentage of alumina is higher in the surface layer than in the second layer the 

percentage of clay is lower but that of silt higher. This tends to confirm the expla¬ 

nation just given. The material deposited on these slopes by flood waters either 

from the hills or from escaping irrigation is predominantly silty, the clay being car¬ 

ried still farther. 

The composition of material from a profile of Gray soil located 12 miles south of 

Ely, Nev., is shown in Table 197. 

Table 197.—•Composition of Gray soil, Ely, Nev.1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 T'02 Fe2C>3 AI2O3 MnO CaO MgO K20 Na20 P205 S03 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. 
(“64.37 0. 50 3.84 13.89 0.155 3.82 2. 64 3.10 1.64 0. 24 0.12 6. 08 100. 40 0.106 1.65 
\*68. 52 .53 4.09 14. 78 .165 4. 06 2.81 3. 30 1.75 .26 .13 100. 40 0 (“61. 69 .47 3. 87 13. 77 .118 5. 48 2. 60 2. 90 1.47 .18 .12 7. 62 100. 29 .097 3.00 
1*66. 77 .51 4.19 14. 92 .128 5. 93 2. 81 3.14 1.59 .19 .13 100. 32 
(“57. 78 .51 3. 67 12. 85 .095 8.61 2.50 2.61 1.26 .15 .12 9. 99 100. 15 .950 5.42 

ZUOId_ 1*64. 21 .57 4.08 14. 29 .105 9.58 2. 78 2. 90 1.40 .17 .14 100.13 
(“38. 40 .27 2.09 7. 57 .050 24. 35 2. 40 1.46 .87 .14 .14 21.98 99. 72 067 18.55 

10-t- 1*49.24 .35 2.68 9. 71 .069 31.21 3. 07 1.87 .11 .18 .18 — 99. 69 — — 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di- 
ampter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
29343___ 1 0- m 3.8 5.1 2.1 10.5 27.8 36.1 14.6 100.0 
29344_ 2 1M- 4 1.8 4.8 2.8 11.8 29.2 28.0 21.7 100.1 
29345—__ 3 5-15 2.3 6.4 4.0 14.8 31.0 21.7 19.9 100.1 
29346_ 4 16+ 3.0 10.4 5.6 19.7 21.6 16.8 22.9 100.0 

1 Collected by C. F. Marbut. 
2 Analyzed by G. Edgington. 
3 Analyzed by A. A. White. 

The percentage of alumina in the thin loose surface layer is a little less than that 

in the layer beneath. The percentage of nitrogen is high for the Gray soils but not 

so high as in the grassland soils as a rule. Carbonate is present from the surface 

downward, but it is very high below a depth of 15 inches. 

The percentage of clay in the thin surface layer is only two-thirds as high as in 

the firm layer beneath, the field characteristics of the latter being well defined. The 

percentage of silt in the thin surface layer, however, is high, suggesting in this case 

also the influence of deposition. 

The sa and sf ratios and the percentages of Si02 and of each of the principal 

sesquioxides when calculated to a total of 100 and also to constant percentages of 

CaO and MgO are shown in the several parts of Table 198. 
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Table 198.—Sample of Gray soil, 12 miles south of Ely, Nev. 

Sample No. 
Depth in 

inches 

Ratios 
Percentage calculated to a 

total of 100 

Percentage calculated to con¬ 
stant percentages of CaO 
and MgO 

sa sf ba Si02 Fe203 AI2O3 Si02 Fe2C>3 AI2O3 

29343 _ 
29344 _ 
29345 _ 
29346 __ 

0- 1)4 
1J4~ 4 

5-15 
16+ 

7.88 
7.61 
7.63 
8.62 

44.40 
42.22 
41.71 
48. 68 

78. 40 
77. 74 
77. 75 
79.89 

4.68 
4.87 
4.94 
4.34 

16.79 
17. 37 
17. 30 
15. 75 

68. 77 
68. 26 
67.97 
62.92 

4.11 
4.28 
4.32 
3. 42 

14.83 
15.25 
15.13 
12.41 

The sa ratios and the percentages obtained by both methods of recalculation 

indicate higher silica in layer 4 than in any other layer, not excepting the thin loose 

surface layer where it is high in the Dark-Brown, Brown, and Gray soils geneially. 

The iron oxide-alumina ratios in the several layers are 27, 28, 28, and 27, showing 

that both iron oxide and alumina have maintained a uniform relative position through¬ 

out and indicating that silica is in this case the substance that has changed in the pro¬ 

portion present. Since the soil material is sedimentary, having been deposited as 

alluvial-fan material on a slope, from variable currents, the simplest explanation of 

this higher percentage of silica in layer 4 is that this is a layer with a higher amount 

of quartz than is present in the other layers. The mechanical analysis table tends 

to confirm this by showing nearly 40 per cent more fine sand in this layer than in any 

Table 201 .—Composition of Gray soil, Crane, Harney County, Oreg.—Continued 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 

(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

28346 1 0- 2 0.3 2.0 2.2 29. 0 23.1 33.1 9.7 99.4 

28347 _ _ 2 2- 5 .6 1.9 1.8 17.2 20.9 39.4 18. 2 100.0 

28348 3 5-17 .4 3.2 2.6 24.6 19.4 32.3 17. 3 99. 8 

28349_ 4 18-36 .0 1.0 1.2 14.4 19.2 55.6 8.8 100. 2 

s Analyzed by A. A. Riley. 

COMPOSITION OF PACIFIC COAST SOILS 

Practically no work has been done in the laboratories of the Bureau of Chemistry 

and Soils in the determination of the composition of Pacific coast soils. In Tables 

202, 204, and 206, the chemical and mechanical composition of two Podzolic soils from 

Oregon and one from northern Idaho are given. 

The chemical and mechanical composition of material from a profile of Helmer 

silt loam from Kootenai County, Idaho, are shown in Table 202. This soil has 

developed under forest cover and a rainfall of about 30 inches, most of which falls 

The composition of a sample of a Gray soil from Delta, Utah, is shown in Table 

199. This soil lies on the floor of ancient Lake Bonneville, and the material is heavy, 

containing up to 66 per cent of clay. The K-inch surface layer is the “alkali crust,” 

and the thin layer below it, extending to a depth of 3 inches, is the flocculated alkali 

mulch. ” This layer contains a higher percentage of clay than any other layer. 

Table 199.—Composition of Gray soil, Delta, Utah 1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Inches 

28381 1 0- h{ 

28382. __ 2 h- 3 [ 

28383.._ 3 3- 8 \ 

28384. 4 8-12 \ 

28385... 5 12-30 j 

Si02 Ti02 

P. ct. P. ct. 
0.48 
.54 
.43 
.50 
.57 
.65 
.49 
.59 
.51 
.57 

Fe203 AI2O3 

P. ct. 
3. 78 
4. 27 
3. 93 
4. 57 
4. 02 
4. 69 
4.15 
4. 98 
2.75 
3.09 

P. ct. 
10. 62 
12. 10 
11. 08 
12.89 
11. 35 
13. 24 
9. 53 

11. 45 
7. 43 
8. 36 

MnO 

P. ct. 
0. 36 
.41 
.31 
.36 
.02 
.02 
.02 
.02 
.02 
.02 

CaO 

P. ct. 
10. 46 
11.84 
9. 96 

11. 58 
10.87 
12.68 
14. 55 
17. 48 
11.70 
13. 16 

Sample No 

28381 
28382 
28383. 
28384. 
28385. 

Hori¬ 
zon 

Depth 

Inches 
O- )4 

)4- 3 
3- 8 
8-12 

12-30 

Fine 
gravel 
(diame¬ 
ter 2-1 
mm) 

Per cent 
0.3 
.3 
.3 
. 1 
. 1 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Chemical2 

co2 
Igni- 

N 
from 

MgO K20 Na20 P205 S03 tion 
loss 

Total car¬ 
bon- 
ates 

P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. 

4. 43 2. 45 1.60 0.34 0.19 11. 44 98.24 0. no 

5.00 2.77 1. 81 .38 .21 _ 98. 21 _ — 

4. 15 2.65 3. 28 .34 .72 14. 05 99. 95 .140 — 

4.83 3. 08 3. 81 .40 .84 _ 99. 92 _ — 

4. 73 2.49 .98 .24 .16 14.20 99. 33 .060 

5. 51 2. 90 1.14 .28 . 19 ___ 99.30 _ — 

4. 34 2.09 1.16 .24 .23 16.70 99. 90 .050 — 

5.18 2.51 1. 39 .29 .28 _ 99. 87 _ — 

2.94 1.50 1.28 .20 .22 11.15 100. 36 .000 

3. 31 1.69 1. 44 .23 .25 — 100. 39 ...... 

Mechanical3 

Per cent 
0.5 
.5 
.8 
.2 
.4 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Per cent 
1.1 
.9 

6.7 
.3 

1.3 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Per cent 
7.7 
5.8 
1.1 
4.2 

23.3 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 
mm) 

Per cent 
10.7 
8.7 
1.0 
8.8 

30.2 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Per cent 
17.2 
17.7 
26.1 
27.0 
34.1 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Per cent 
62.4 
66.1 
63.9 
59.3 
10.5 

Total 
mineral 
constit¬ 
uents 

Per cent 
99.9 

100.0 

in winter. It has developed from the bed of silt, or loess, that covers eastern Wash¬ 

ington, northeastern Oregon, and northwestern Idaho. 

Table 202.—Composition of Helmer silt loam, Worley, Kootenai County, Idaho 1 

Chemical 3 

Sample 
No. 

Hori¬ 
zon 

Depth 

Si02 Ti02 Fe203 AI2O3 MnO CaO MgO K20 Na20 P205 SOs 
Igni 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P.ct. P. ct. P. ct. P. ct. P.ct. P. ct. 

f“70. 36 1.02 4. 23 13.84 0.066 1.69 1.08 2. 34 1.95 0. 25 0. 16 3. 01 100. 00 0. 060 _ 
540817_ Ai 0-12 (*72. 53 1.05 4. 36 14.27 .068 1.74 1.11 2. 41 2. 01 .26 .16 _ 99. 97 _ _ 

J °72.14 1.06 3.88 14. 02 .037 1.60 1.06 2.09 2. 03 .13 .13 1. 82 100. 00 .014 
540818_ A2 12-18 1 08 3 Q5 14 27 038 1 63 1 08 2. 13 2. 07 . 13 . 13 100.00 

r»68. 80 ’. 97 5. 30 15. 26 !o40 1.67 1.28 2. 14 1.96 .36 .07 2. 15 100. 00 .014 
540819_ Bi 18-30 

{*70.31 .99 5.42 15.59 .040 1.71 1.31 2. 19 2.00 .37 .07 _ 100. 00 _ _ 

J«66. 83 .94 5. 97 16.31 .057 1. 72 1.33 2.01 1.81 .13 .09 2. SO 100. 00 .017 
540820_ B2 30-36 

U68.75 .97 6.14 16.78 .059 1. 77 1. 37 2. 07 1. 86 .13 .09 — 99.99 — — 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 

540817_ A, 0-12 0.3 1.1 0.7 4.1 17. 0 65.9 10.9 100.0 

540818_ A2 12-18 .4 1.6 .8 3.9 19.3 66.1 8.1 100. 2 

540819_ Bi 18-30 .0 1.2 .8 5.2 18.4 57.8 16.7 100.1 

540820_ b2 30-36 .0 1.3 .6 6. 0 18.1 56.8 17.3 100.1 

1 Collected by H. G. Lewis. 
2 Analyzed in the division of soil chemistry, Bureau of Soils, Dec. 4, 1920. 
3 Analyzed by A. A. Riley. 

The several ratios and the molecular equivalent composition in Si02, Fe2C3, 

1 Collected by C. F. Marbut. , _ 
2 Analyzed in the division of soil chemistry, Bureau of Soils, Aug. 3, 1920. 
3 Analyzed by L. T. Alexander. 

A1203, and of the combined alkalies and alkaline earths are shown in Table 203. 

The composition of two samples of soil from Harney Valley in central-eastern 

Oregon, a region having very low rainfall, are shown in Tables 200 and 201. These 

are young desert soils in which very little development has taken place. 

Table 200.—Composition of Gray soil, Harney County, Oreg.1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe2(>3 AI2O3 MnO CaO MgO K20 NaaO P2Os SOs 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

28350 _ 

28351 _ 

28353 _ 

28354 - 

28355 _ 

1 

2 

3 

4 

5 

Inches 

0- 2)4 

234- 7 

7-13 

13-24 

24-42 

P. ct. 
f“(H. 80 
(*67. 51 
f«64. 70 
\*67. 20 
f°58. 80 
1 *62.06 
J«60. 00 
(*63. 22 
/ *52.80 
(*58. 47 

P. ct. 
0.87 
.91 
.94 
.87 
.91 
.96 
.94 
.99 
.79 
.87 

P.ct. 
4. 42 
4.60 
4. 57 
4. 74 
7. 77 
8.20 
7. 34 
7. 73 
5. 43 
6. 01 

P. ct. 
15.85 
16. 52 
15. 65 
16. 27 
16. 50 
17.40 
16. 00 
16. 85 
13.85 
15. 33 

P.ct. 
0.082 
.085 
.085 
.088 
.062 
.065 
.072 
.076 
.045 
.050 

P.ct. 
3. 03 
3.16 
3.24 
3. 37 
2. 87 
3.03 
3.76 
3.96 
9.74 

10. 78 

P. ct. 
1.41 
1. 47 
1.16 
1. 21 
1. 88 
1. 98 
1.92 
2. 02 
3. 30 
3. 65 

P. ct. 
2. 30 
2. 40 
2.20 
2.28 
1.88 
1. 98 
1. 74 
1.83 
1. 63 
1.80 

P. ct. 
3.00 
3.12 
3. 10 
3.22 
2. 72 
2. 87 
2. 88 
3.03 
2.36 
2.61 

P. Ct. 
0.13 
.14 
.10 
.10 
.15 
.16 
.16 
.17 
.16 
.18 

P. ct. 
0. 050 
.050 
.080 
.080 
.034 
.036 
.065 
.068 
.065 
.072 

P.ct. 
4. 02 

W 

"5.” 15 

"5.16" 

"9." 64" 

P. ct. 
99. 96 
99. 97 
99. 43 
99.44 
98. 72 
98. 75 
99. 98 
99.95 
99. 82 
99. 82 

P. ct. 
0.100 

”.’676’ 

'"."626" 

""."616" 

'"."626’ 

P. ct. 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 

uents 

28350 --- 
28351 _ 
28353 _ 
28354 _ 
28355 _ 

1 
2 
3 
4 
5 

Inches 
0- 2)4 

2)4- 7 
7-13 

13-24 
24-42 

Per cent 
0.0 
.0 
.8 

1.0 
.9 

Per cent 
1.0 
.9 

2.0 
4.0 
7.8 

Per cent 
1.0 
.9 

1.6 
3.0 
5.6 

Per cent 
12.1 
9.6 

13.5 
25.0 
34.9 

Per cent 
17.9 
22.4 
12.0 
10.9 
15.2 

Per cent 
55.1 
54.9 
38.0 
40.5 
28.7 

Per cent 
13.0 
11.5 
32.3 
15.6 
6.1 

Per cent 
100.1 
100.2 
100.2 
100.0 
99.2 

1 Collected by C. F. Marbut. , _ .. . _ 
2 Analyzed in the division of soil chemistry, Bureau of Soils, Apr. 7, 1920. 

3 Analyzed by A. A. Riley. 

Table 203.—Sample of Helmer silt loam, Kootenai County, Idaho 

Ratios Molecular equivalent composition 

Sample No. 
Depth in 

inches 
sa sf ba Si02 Fe20s AI2O3 

Alkalies 
and 

alkaline 
earths 

540817 --- _ 0-12 8. 64 44.08 0. 637 1.202 0. 0273 0.1396 0.089 
540818 ______ -__ ___ _ - 12-18 8. 75 49. 30 .609 1. 218 .0241 . 1396 .085 
540819 __ __ __ ___ _ _ 18-30 7.67 34. 37 .563 1.166 .0339 .1525 .086 
540820 _ _ __ --- - - -- --- - 30-36 6. 96 29.67 .508 1.107 .0384 .1641 .083 

The sa ratios show some accumulation of alumina in the Bi horizon, extending 

from 18 to 30 inches, the molecular equivalent showing the same, but the latter 

indicates somewhat greater accumulation in B2 though no comparison can be made 

with C since it was not sampled. 

The sf ratio indicates iron oxide accumulation in Bi in excess of that in B2 but 

the molecular equivalent ratio, which seems a little more reliable, shows higher 

content in B2. 

The content of bases, according to ba ratio, is greatest in Ax and least in B2 

confirmed in this case by the molecular equivalent composition, but the differences 

are very slight. 

This is apparently a ground water soil, the Bx horizon seemingly corresponding 

to the level of ground water. A2 is a grayish horizon, but the leaching is very slight. 

This is shown by comparing it with the Miami silt loam (p. 35.) 

A more characteristic soil of the forested region of the northwest, but one whose 

composition from the surface well into the C horizon has not yet been determined, 

is Cascade silt loam. The chemical and mechanical composition of material from 

the solum layers of a profile in Multnomah County, Oreg., are shown in Table 204. 

r 

t 

,4' 

T 

Table 201.—Composition of Gray soil, Crane, Harney County, Oreg1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe203 AI2O3 MnO CaO MgO K20 Na20 P2Oj SOs 
Igni¬ 
tion 
loss 

Total N 

C02 
from 
car¬ 
bon¬ 
ates 

P. ct. P. Ct. P.ct. P. ct. P.ct. P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P .ct. 

f <*61. 00 0.81 5.08 15.10 0.069 4. 55 2. 26 2. 42 2. 38 0. 34 0.051 6.20 100. 26 0.150 — 

28346-- 1 0- 2 \ b65. 04 .87 5. 42 16.10 .074 4. 85 2.41 2. 58 2.54 .36 .054 _ 100. 29 — — 

[<*61. 20 .88 3.83 14.50 .059 4. 67 2. 16 2. 62 2. 36 .26 .048 6.27 98. 86 .090 _ 
28347--. 2 2- 5 \f>65. 32 .94 4.09 15.48 .063 4.98 2. 31 2. 80 2. 52 .28 .051 _ 98. S3 — — 

f«58. 70 .73 4. 96 14. 45 .055 5. 67 2.72 2. 54 2. 88 .27 .089 6. 57 99.64 .070 
28348-- 3 5-17 1&62. 88 .78 5. 31 15.46 .059 6.07 2.91 2. 72 3.09 .29 .095 _ 99. 67 

[<*65. 30 .77 4. 10 15. 70 .094 2.98 1.61 2.38 2.78 .14 . 054 3. 65 99. 55 .090 
28349--. 4 18-36 

1*67. 80 .80 4. 25 16.29 .098 3.08 1. 67 2. 47 2.89 . 15 .056 — 99. 58 — — 

Table 204.—Composition of Cascade silt loam, Multnomah County, Oreg4 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

Si02 Ti02 Fe203 AI2O3 MnO CaO MgO K20 Na20 P2O5 SO3 
Igni¬ 
tion 
loss 

Total N 

C03 
from 
car¬ 
bon¬ 
ates 

28398 _ 

28399 _ 

28400 _ 

Ai 

a2 

b 

Inches 

0- 4)4 

4)4-12 

12-36 

P. ct. 
f °70. 40 
(*73. 50 
J«71. 00 
\*73. 29 
J“67. 30 
\*69. 81 

P. ct. 
1.08 
1.13 
1.25 
1.29 
1. 25 
1. 30 

P.ct. 
3.90 
4.07 
4. 22 
4. 36 
5. 87 
6.09 

P. ct. 
13.14 
13. 73 
13. 60 
14.04 
15.49 
16.06 

P. ct. 
0. 070 
.070 
.070 
.070 
.072 
.075 

P.ct. 
1.78 
1.86 
1. 97 
2.03 
1.60 
1.66 

P. ct. 
0. 97 
1. 01 
.98 

1.01 
1.06 
1. 10 

P. ct. 
2.11 
2.20 
2. 31 
2.39 
2.17 
2. 25 

P. ct. 
1.98 
2.07 
2.15 
2. 22 
2.12 
2.20 

P.ct. 
0.16 

. 17 

.12 

.12 

.20 

.21 

P. ct. 
0.21 
.22 
. 11 
. 11 
.22 
.23 

P. ct. 
4.25 

"3U4" 

P. ct. 
100. 05 
100. 03 
100. 92 
100.93 
100. 98 
100. 99 

P. ct. 
0.080 

"~.040~ 

P. ct. 

3.63 .022 
— 

1 Collected by E. J. Carpenter. 

a 

i Collected by C. F. Marbut. Analyzed in the division of soil chemistry, Bureau of Soils, Apr. 7, 1920. > Analyzed in the division of soil chemistry, Bureau of Soils, Dec. 4,1920. 
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Table 204.—Composition of Cascade silt loam, Multnomah County, Oreg. 

Sample No. 
Hori¬ 
zon 

Depth 

Mechanical3 

Fine 
gravel 
(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
28398_ Ai 0-4)4 0.0 1.4 1.1 1.7 9.7 67.1 18.9 99.9 
28399_ Aa 4)4-12 .2 1.9 1.3 1.8 10.6 66.0 18.2 100.0 
28400___ B 12 -36 .0 .8 .6 1.2 10.1 65.0 22.3 100.0 

3 Analyzed by L. T. Alexander. 

The several ratios and the molecular equivalent composition in Si02, Fe203 

A1203, and of the combined alkalies and alkaline earths are shown in Table 205. 

Table 205.—Sample of Cascade silt loam, Multnomah County, Oreg. 

Sample No. 
Depth in 

inches 

Ratios Molecular equivalent composition 

sa sf ba Si02 Fe2C>3 AI2O3 

Alkalies 
and 

alkaline 
earths 

28398_ 0 - 4)4 9.10 47. 85 0.668 1.218 0. 0255 0.1245 0.090 
28399_ 4)4-12 8.87 44. 54 .561 1. 215 .0273 . 1373 .097 
28400_ 12 -36 7. 38 30.37 .565 1.157 .0381 .1571 .089 

The surface layer of 4 inches has about 5 per cent more silica than the layer 

beween 12 and 36 inches, but the second and third layers are almost exactly alike in 

the content of their base molecules, whereas the surface layer contains only about 8 

per cent fewer base molecules than the second layer. Both the first and second 

layers seem to have more base molecules than the third. 

This is a Podzolic soil, but podzolization is very slight. 

The composition of a profile of Holland coarse sandy loam from southwestern 

Oregon is shown in Table 206. The parent rock is granite. The soil has developed 

on smooth, gentle slopes where it is subjected to seep water from higher up the slope 

or from temporary ground water. The subsoil below a depth of 10 inches, is indurated 

when dry but only very slightly so when wet. It is apparent that the material below 

a depth of 10 inches is more thoroughly leached than that above. This is indicated 

by the alkalies and alkaline earths, probably the effect of ground water. A con¬ 

siderable part of the sand is feldspathic. 

Table 206.—Holland coarse sandy loam, Josephine County, Oreg. 1 

Sample 
No. 

Hori¬ 
zon 

Depth 

Chemical2 

SiC>2 TiOz Fe203 AI2O3 MnO CaO MgO K20 Na20 P205 SOs 
Igni¬ 
tion 
loss 

Total N 

co2 
from 
car¬ 
bon¬ 
ates 

Inches P. ct. P.ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P.ct. P. ct. P. ct. P.ct. P. ct. P. ct. P. ct. 

A, 0- 2 
ja 55.81 0. 68 1.65 22. 69 0.15 2. 21 1.13 2. 42 1.28 0.59 0. 30 8. 82 97. 73 0.020 

28366_ 
pei. 36 .75 1.81 24.93 .16 2. 43 1.24 2. 66 1.41 .65 .33 97. 73 

A2 
/«59. 09 .79 1.75 25.52 .09 2.00 . 72 2.59 1.94 .20 .03 4. 09 98.81 .090 

28367 _ 
p61. 67 .82 1.83 26.63 .09 2.09 .75 2. 70 2.02 .21 .03 98. 84 
/a51 31 . 69 2.40 32. 24 . 09 1. 22 .44 1. 63 1.47 . 16 .09 6. 40 98. 14 .070 

28368_ Bi 10-24 
p54. 90 .74 2.57 34. 50 . 10 1. 31 .47 1.74 1.57 .17 .10 98.17 

28369_ b2 24-36 
f«52. 48 .38 1. 66 32.03 .04 1.16 .69 2.02 1. 25 . 14 . a 4. 28 96. 24 .070 
\*>54. 92 .40 1.74 33. 50 .04 1. 21 .72 2.11 1.31 . 15 . 12 — 96. 22 — — 

Mechanical3 

28366. 
28367. 
28368. 
28369. 

Sample No. 
Hori¬ 
zon 

Depth 
Fine 

gravel 
(diame¬ 
ter 2-1 
mm) 

Coarse 
sand (di¬ 
ameter 

1-0.5 
mm) 

Medium 
sand (di¬ 
ameter 
0.5-0.25 

mm) 

Fine 
sand (di¬ 
ameter 
0.25-0.1 

mm) 

Very fine 
sand (di¬ 
ameter 
0.1-0.05 

mm) 

Silt (di¬ 
ameter 

0.05-0.005 
mm) 

Clay (di¬ 
ameter 
0.005- 
0.000 
mm) 

Total 
mineral 
constit¬ 
uents 

Inches Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
A, 
A2 
Bi 
B2 

O- 2 
2-10 

10-24 
24-36 

14.8 
11.0 
8.0 

11.7 

18.7 
16.7 
13.0 
15.4 

8. 5 16. 3 
8. 4 15. 2 
6. 4 12. 6 
7. 6 14. 5 

10.3 
10.3 
8.8 

10.0 

20. 5 
20. 7 
19. 2 
17. 6 

10.9 
17.7 
32.1 
23.2 

100.0 
100.0 
100.1 
100.0 

i Collected by A. E. Kocher. 
3 Analyzed in the division of soil chemistry, Bureau of Soils, July, 1921. 
3 Analyzed by L. T. Alexander. 
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METHOD OF SOIL ANALYSIS USED IN THE DIVISION OF SOIL CHEMISTRY 
AND PHYSICS, BUREAU OF CHEMISTRY AND SOILS 

By W. O. Robinson, Chemist, Division of Soil Chemistry and Physics, Soil Investigations, Bureau of Chemistry ajid Soils 

INTRODUCTION 
The methods used in the analyses of the soils herein reported follow closely 

l* those developed by Hillebrand (9) for the analysis of rocks. The total constituents 

were determined by fusion with sodium carbonate. After a soil has been ignited, it 

can be treated analytically the same as a rock powder. The methods used in the 

division are described in detail in Circular 139, United States Department of Agri- 

c-v culture, and will be briefly outlined in the following pages. 

PREPARATION OF THE SAMPLE 
The sample was received in the laboratory in the air-dried condition. The clods, 

when present, were crushed with a hardwood rolling-pin. The sample was then 

passed through a 2-millimeter sieve. Stones not passing through were rejected. The 

sample was well mixed and quartered down to 25 to 50 grams, depending on the 

number and character of the determinations to be made. The sample to be examined 

was then ground in an agate mortar and passed through a silk bolting cloth of 100 

meshes to the linear inch, after which it was thoroughly mixed. 

MOISTURE DETERMINATION 
About 2 grams of soil were weighed in a shallow weighing dish provided with an 

accurately fitting stopper. The bottle and contents were dried overnight in a drying 

oven regulated at 110° C. 

LOSS ON IGNITION 
From 0.5 gram to 1 gram of the air-dried sample (depending on the iron and 

aluminum content) was accurately weighed into a 15-milliliter platinum crucible. 

This was heated in an electric furnace or over a Bunsen burner to about 800° C. and 

held there one-half hour. When the Bunsen burner was used, the cover of the crucible 

^ was so adjusted that the crucible contents had free access to the air. After cooling 

and weighing, the crucible and contents were ignited an additional 15 minutes to 

check the first weight. The crucible and contents were reserved for the determina¬ 

tion of the major elements; that is, silicon, aluminum, iron, titanium, calcium, and 

% magnesium. 

FUSION WITH SODIUM CARBONATE 
The residue from the loss on ignition determination was mixed with five times its 

weight of the purest sodium carbonate 25 obtainable. The covered crucible was heated 

cautiously until the flux had melted and the fusion was quiet. The full heat of a 

good Bunsen burner or moderate heat of a blast lamp was applied for 10 minutes more. 

While the contents of the crucible were still molten, the crucible was whirled with the 

tongs in such a manner as to congeal the contents on the sides, leaving as little as 

possible on the bottom. The crucible was then rapidly cooled on a slab of iron or 

alberene, and the contents were detached immediately from the crucible by inverting 

it over a 250-milliliter beaker or large platinum dish and rolling it between the fingers 

with gentle pressure against the sides. The melt was thoroughly disintegrated with 

hot water. After disintegration of the melt, the material adhering to the crucible 

and cover was thoroughly washed into the dish, and a few drons of ethanol added to 

reduce the green manganate. 

DETERMINATION OF SILICA 
When the greenish color of the disintegrated mass had disappeared, 15 milliliters 

of pure concentrated hydrochloric acid was added slowly to the covered dish. After 

the reaction had ceased, the material adhering to the cover and sides of the dish was 

l washed into the dish and the contents evaporated to dryness on the steam bath. 

The evaporation was continued until the silica gel was sufficiently dehydrated. The 

residue was taken up with 15 milliliters of strong hydrochloric acid and hot water and 

filtered and washed till practically free from chlorides. The filtrate was evaporated 

y to dryness in order to precipitate any silica not retained in the first precipitation. 

The residue was taken up again with 15 milliliters of concentrated hydrochloric acid 

and hot water, filtered, and washed free from chlorides into a 250-milliliter beaker. 

The two silica precipitates were combined and ignited in the same crucible in which 

the fusion was made. The silica precipitates were ignited slowly at first to avoid me¬ 

chanical loss. After the carbon was thoroughly burned from the precipitate, the 

silica was ignited for 20 minutes to one-half hour at the full temperature of the blast 

lamp. The weights were checked by 10-minute periods of blasting to practically 

constant weight. When a nearly constant weight was obtained the silica was mois¬ 

tened with water, from 6 to 8 milliliters of hydrofluoric acid and a few drops of sul¬ 

phuric acid were added, and the contents of the crucible were evaporated to dryness, 

cautiously ignited, and weighed. If the residue was more than 2 or 3 milligrams, the 

hydrofluoric acid treatment was repeated. The loss in weight was taken as the weight 

of the silica. The crucible and contents were reserved for the ignition of the iron 
group. 

DETERMINATION OF IRON, ALUMINUM, AND 
TITANIUM 

The filtrate from the silica determination, in a 250-milliliter beaker, was nearly 

neutralized with a solution of ammonia, using the precipitate as an indicator. The 

slightly acid solution was heated to boiling and precipitated with a slight excess of 

ammonia, boiled a minute or so and filtered through an 11-centimeter filter paper into 

a 400-milliliter beaker. It was washed only slightly in this first precipitation. The 

filter and contents were transferred to the beaker in which the precipitation was 

* made, 10 milliliters of strong hydrochloric acid and water were added, and the 

filter paper was macerated by two glass rods. After adding enough water to make 

the volume up to about 150 milliliters, the iron group was precipitated as before and 

f 25 Since five times as much flux as soil is used, an impurity present in the flux in quantities of 0.01 per cent would cause an error 

of 0.05 per cent in the determination 

washed thoroughly. The last washings were made with water containing 1 per cent 

of ammonium nitrate. The precipitate was transferred on the filter paper to the 

crucible containing the residue from the silica determination and ignited to constant 

weight. 

The iron group precipitate was dissolved by fusion with 5 to 7 grams of potassium 

pyrosulphate. The resulting melt was dissolved, after cooling, in 4 milliliters of 

strong sulphuric acid and water, taking care to keep the volume under 150 milliliters. 

The solution, in an iron-reduction flask, was thoroughly reduced by hydrogen sul¬ 

phide, the excess hydrogen sulphide boiled off in a stream of carbon dioxide, and the 

iron titrated with standard potassium-permanganate solution. 

The liquid from the iron titration was evaporated to 50 to 75 milliliters, 10 

milliliters of concentrated sulphuric acid and a few drops of hydrogen peroxide were 

added, the solution was made up to 100 milliliters, and the color was compared with 

a standard titanium solution treated in the same manner. 

PRECIPITATION OF THE AMMONIUM-SULPHIDE 
GROUP 

The filtrates from the iron group were evaporated to slightly less than 100 

milliliters in a platinum dish, and the liquid was transferred to a wide-mouthed 

Erlenmeyer flask. From 2 to 3 milliliters of strong ammonia were added and 

hydrogen sulphide was passed in until the liquid was saturated. From 2 to 3 milli¬ 

liters of strong ammonia were again added and the flask stoppered and allowed to 

stand overnight. The precipitated manganese, copper, zinc, etc., were filtered off 

and washed with ammonia and ammonium-sulphide solution. 

DETERMINATION OF CALCIUM 

An excess of recently dissolved ammonium oxalate was added to the hot filtrate 

from the ammonium sulphide, which did not exceed 150 milliliters in volume, 

and the precipitate was digested several hours on a steam bath. After cooling 

it was filtered through the finest filter paper. The precipitate was ignited to 

render the coprecipitated platinum insoluble. It was then dissolved in hydro¬ 

chloric acid, reprecipitated as oxalate, ignited at the temperature of the blast 

lamp, and weighed. The combined filtrates were reserved for the magnesium 
determination. 

DETERMINATION OF MAGNESIUM 

The combined filtrates from the calcium determination were evaporated, if 

necessary, to 175 milliliters. An excess of sodium hydrogen phosphate was added 

to the cool solution and the mixture stirred. Enough strong ammonia was slowly 

added to make the solution about 5 per cent with respect to ammonia, and the 

stirring was continued. The precipitate was allowed to stand overnight in a cool 

place. It was then filtered and washed with 2.5 per cent ammonia. The precipitate 

was dissolved in hydrochloric acid and precipitated with a slight excess of sodium 

hydrogen phosphate in a solution containing about 5 per cent ammonia. It was 

allowed to stand two hours or longer in a cool place, then filtered and washed with 2.5 

per cent ammonia till free from chlorides. The precipitate was dried and ignited 

slowly, and finally burned white with the Bunsen burner. The magnesium precipi¬ 

tate was corrected for the calcium it invariably contained by dissolving the mag¬ 

nesium precipitate in dilute sulphuric acid, precipitating the calcium as sulphate in 

95 per cent alcohol and determining the calcium as oxalate. 

DETERMINATION OF POTASSIUM AND SODIUM 

The well-known J. Lawrence Smith method (17) was used for the determination 

of these elements. It has not been easy to obtain ammonium chloride and calcium 

carbonate sufficiently free from alkalies to obtain satisfactory determin ations. 

DETERMINATION OF MANGANESE AND 
PHOSPHORUS 

Two grams of soil were treated with a few milliliters of nitric acid in a platinum 

dish, and, after evaporating to dryness, the mass was ignited at the full heat of the 

Bunsen burner for a full half hour. The ignited residue was treated with 20 milli¬ 

liters of strong hydrofluoric acid and from 5 to 10 milliliters of nitric acid and allowed 

to stand overnight. It was then evaporated to dryness. About 20 milliliters of 

nitric acid were then added and the solution evaporated to dryness. The addition 

of nitric acid and evaporation to dryness were then repeated twice in order to free the 

material from fluorides. The residue was taken up with water to which a few drops 

of sulphurous acid was added to dissolve any manganese dioxide that might have 

formed, 5 milliliters of nitric acid were added, and the solution was filtered into a 

100-milliliter flask and made up to volume. 

Twenty-five milliliters of this solution were taken for the manganese determina¬ 

tion. The manganese in this solution was determined colorimetrically, the color 

being developed by ammonium persulphate and silver nitrate or by potassium 

periodate. 

The remaining 75 milliliters were taken for the phosphorus determination. To 

this solution enough ammonia was added to partly precipitate the iron, the solution 

was cleared with a few drops of nitric acid, then enough nitric acid was added to 

make the solution 4 per cent with respect to this acid. The phosphorus was precipi¬ 

tated from this solution in the usual manner and estimated gravimetrically as mag¬ 

nesium pyrophosphate. When the phospliomolybdate precipitate was dissolved in 

ammonia, it frequently happened that some of the precipitate would fail to dissolve. 

If the addition of a few crystals of citric acid did not dissolve it, the precipitate was 

filtered off, fused with sodium carbonate, and the phosphorus obtained from it added 
to the main phosphorus precipitate. 
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DETERMINATION OF SULPHUR 

One or two grains of soil were fused with sodium carbonate and a little niter in 

an electric furnace to avoid sulphur contamination from the gas. The fused mass 

was thoroughly disintegrated with water, filtered, and washed with a dilute solution 

of sodium carbonate. The sulphur was precipitated and estimated as barium 

sulphate in the filtrate, generally without the previous separation of silica. 

DETERMINATION OF NITROGEN 

The nitrogen content was determined by the Gunning method as modified by 

Hibbard. 

DETERMINATION OF ORGANIC MATTER 

The organic matter was estimated by combustion, multiplying the carbon dioxide 

so obtained by the Van Bemmelen factor of 0.471 to reduce to organic matter. 

DETERMINATION OF COMBINED WATER 

The combined water was estimated by subtracting the percentage of organic 

matter from the total loss on ignition. Any errors that exist in the application of the 

Van Bemmelen factor for organic matter will be found in the percentage found for 

combined water. 

DETERMINATION OF CARBON DIOXIDE FROM 
CARBONATES 

Since carbonates are not generally found in soils, a qualitative test for carbonates 

always preceded the quantitative determination. When present, the carbonates were 

determined by boiling the soil in hydrochloric acid diluted with an equal volume of 

water and weighing the carbon dioxide evolved. 

LIMITS OF ERROR IN THE ANALYSIS 

All analytical results are a compromise, usually arrived at by taking advantage 

of the solubility of compounds to be removed and the relative insolubility of the 

precipitate to be purified and determined. No substance is absolutely insoluble, 

and when relatively large quantities of soluble substances have to be washed from a 

relatively small quantity of a nearly insoluble compound, an appreciable proportion 

of the latter may be dissolved before the former has been entirely removed. As an 

example, after the removal of the silica there remains an acid solution of the bases 

with a large excess of sodium chloride. In the precipitation of the iron group, con¬ 

siderable ammonia and ammonium chloride are added. In the precipitation of cal¬ 

cium as calcium oxalate, it is necessary to remove the chlorides by washing, and, as 

the calcium oxalate is slightly soluble, some of the latter is lost and may or may not 

be recovered later in the analysis. The personal factor of judgment in the termina¬ 

tion of the washing comes into play and will explain many discrepancies. 

The analyses of soils stated in the tables are commonly given to the second 

decimal place' and the figures for manganese and nitrogen are given to the third 

decimal place. This is common practice in stating soil analyses. 
However, it is not to be understood that the analyses necessarily possess this 

As "a result of the comparison of analyses of the same soil by different analysts 

in this laboratory, certain allowable limits of error are given. For the soil of average 

composition, the following limits have been considered satisfactory: Si02, 0.50 per 

cent- Ti02, 0.05 per cent; ALA, 0.30 per cent; FeA, 0.15 per cent; MnO, 0.003 per 

cent- CaO, 0.10 per cent; MgO, 0.15 per cent; K20, 0.05 per cent; Na20, 0.10 per 

cent- PA, 0.04 per cent; S03, 0.05 per cent; N, 0.005 per cent; and organic matter, 

0 20 per cent. The figures are in percentage of the soil and not in percentage varia¬ 

tion Duplicates by the same analyst should, of course, agree more closely. In the vari¬ 

ations mentioned it is probable that one extreme is higher than the correct figure and 

the other lower. The deviation from the correct figure is therefore less than the 

extremes given. ^ , ,, f 
Several factors contribute to the errors observed. . These are as follows: Hack ot 

uniformity of sample, impure reagents, contamination from glassware or other 

utensils, and finally the error incident to the method of analysis, which may be of 

both a personal and a chemical character. All errors except the last may be nearly 

eliminated by care and by blank determintions. , 
One reason for calling attention to these limits of error is the tendency to attach 

too much importance to differences of a few pounds when the analyses are stated m 

pounds per acre. ,. . 
Assuming that an acre of soil 8 inches deep weighs 1,750,000 pounds, the limits 

of error expressed in pounds per acre would be as follows: 
Pounds per acre 

CaO (limit 0.10 per cent)--- 1; 7J’° 
K20 (limit 0.05 per cent)- 

P205 (limit 0.04 per cent)-_ 7UU 

Stated in another way, it would appear as follows: Suppose a soil on analysis 

gave CaO, 0.30 per cent; K20, 0.50 per cent; and P205, 0.08 per cent; with the above 

limits of error the composition might be: pgr cent 

p 0  0. 35 or 0. 25 

--  o. 525 or 0. 475 

A 0. 10 or 0. 06 
i 2^5--- 

Or in pounds per acre: Pounds 

p q     6, 125 or 4, 735 

K 0  9, 188 or 8, 312 

p;0. T’ T - ' --T_ 1, 750 or 1, 050 

It is plain that too much significance should not be attached to differences of a 

few hundred pounds when expressed in pounds per acre. 
The use of standard samples and duplicate determinations are the analyst s guar 

against errors. Another important guard lies in the summation, which should not 

be below 99.5 per cent or above 100.75 per cent. In the case of soils, a low summation 

generally means mechanical loss of silica rather than the presence of undetermined 

elements. Mechanical loss during the loss on ignition determination will not, of course, 

be detected in the summation. The entire error in this case will be in the loss on 

ignition. 
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