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CONVERSION FACTORS. NON-SI TO SI (METRIC) 
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pounds (mass) ............................... 0.4535924 .................. Kilograms 
pounds (force)/ square foot ......... 6.894 757 ..................... Kilopascals 
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* To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, use the following formula: 
C=(5/9)(F-32). To obtain Kelvin (K) readings use: K=(5/9)(F-32)+273.15. 
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BURIAL AS A METHOD OF 
ARCHAEOLOGICAL SITE PROTECTION 

PART I: INTRODUCTION 

Archaeological Site Protection 

1. Government agencies are required by law to protect archaeological sites that 
will be impacted by engineering projects. The list of legislation that requires the 
assessment and mitigation of impacts of construction on culturally significant areas is long: 
the Antiquity Act of 1906, the Historic Sites Act of 1935, the Reservoir Salvage Act of 
1960, the Historic Preservation Act of 1966, the National Environmental Policy Act of 
1969, and the Reservoir Salvage Act of 1960 as amended (Moss-Bennett) (Lenihan et al. 
1981). As a result of these policies, there was an initial effort to "salvage" all 
archaeologically significant sites. With time, however, it was realized that while excavation 
of a site may in some cases be the only alternative to preservation, this procedure destroys 
the site's archaeological record by removing the artifacts and components from their 
environment and destroying their spatial relationships. 

2. The coincidence of site location factors used by prehistoric human populations 
(i.e., proximity to water, accessibility, transportation, topographic features) has been similar 
throughout history and is frequently congruent with factors we use today. The crucial 
problem of this patterning is that nonrenewable cultural resources are often concentrated 
on the landscape in the places where present cultures have undertaken, or will undertake 
developments which utilize the land base and/or reap the natural resources (Scovill, 
Gordon, and Anderson 1972). 

3. Because archaeological resources are regarded as any material remains of past 
human life or activities which are of historical interest, or determined under uniform 
regulations, they are a vital part of our cultural heritage and their destruction irreversibly 
diminishes our knowledge of the past (US Army Corps of Engineers 1979). The emphasis 
today, therefore is on the preservation and selective investigation of sites rather than on 
total excavation. 

4. The direct impact of construction activities on archaeological sites is relatively 
easy to assess: construction destroys sites (Davis 1972). An agency involved in such an 
activity has a responsibility, under law, to assess and, if possible, mitigate its indirect 
impacts (Council on Environmental Quality 1973; McGimsey 1972; Schiffer 1975a; US 
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Army Corps of Engineers 1970). Agencies are required to prepare an environmental 
impact statement for every major action that affects the qualHy of the human environment, 
includiI)g cultural as well as natural resources. 

5. The archaeological sites which would be destroyed through construction 
activities were usually excavated, synthesized, and recorded according to emergency 
salvage mandates (Platt 1965; Jennings 1959; Schiffer 1975b). Contract or salvage 
archaeology in the past few years has been criticized for serving no purpose other than a 
methodological system of artifact removal. Contract archaeology retrieves archaeological 
information before it is completely destroyed by land modification activities. Less than 
optimum results are often achieved due to restraints of funding, site conditions, time 
available, and personnel. From a scientific or academic perspective, contract archaeology 
is not considered to be legitimate research that contributes to the formulation of laws of 
human behavior because the methodology is not innovative in either method or theory 
(Griffin 1984). 

6. Neither realistically nor ethically would it be feasible to excavate all the 
archaeological sites encountered by exploitation or construction activities, and the time and 
cost involved with excavation procedures would be prohibitive (Chenhall 1975; Lipe 1974; 
McMillan and Lipe 1977). In response to this, numerous compliance options are available 
to the engineer, ranging from complete excavation, if necessary, to site protection and 
preservation. 

Site Protection 

7. Protection of sites through the use of fencing or warning signs has had limited 
success (Schiffer 1987). Such measures often invite vandalism or pot hunting by making 
the resource more visible. The most common forms of vandalism are: excavation, 
defacement, surface collection, removal of boards and timbers, shooting, material removal, 
painting and chalking rock art, and theft of objects from buildings (Williams 1978). 
Stripping of boards, excavation; shooting at rock art, general defacement, and surface 
collection are the most detrimental forms of vandalism. Reasons why cultural resources 
are vulnerable to vandalism are: 

Some factor of attractiveness to a vandal such as value to a personal 
collection or on the open market. ' 

Q. Evidence of previous vandalism. 
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~. Natural weathering to a degree where the resource appears to be 
valueless. 

8. Effective protection techniques used by agencies to control such vandalism 
include posting signs (a method widely used); interpretation and education; punitive action; 
physical barriers; and closing of trails or roads. The most effective technique, however, was 
considered to be the authorized removal, or complete excavation, of the site. In some 
cases, however, professional removal of artifacts from their natural context may not be in 
the best interest of archaeology. 

Site Preservation 

9. The objective of site preservation is to strike a delicate balance between the 
systematic recovery of data and artifacts and the long-term protection of artifacts that can 
be preserved in situ (Moratto i977). When long-term protection is feasible, preservation 
can reduce site excavation to a minimum and allow cultural deposits to remain intact and 
be visually indistinguishable from the surrounding environment. When protected from 
natural or human destruction, archaeological data can be preserved to be studied and 
interpreted with new insights, up-to-date information, and technology. 

10. One method of site preservation under consideration is site burial. This could 
be considered a workable alternative to the costly and time consuming method of 
excavation if it can be easily designed and does not requiring expensive equipment. The 
cost differential alone may often make this preservation technique more attractive to a 
client involved in such an activity. For instance in 1977, the Federal Highway 
Administration estimated spending $2,706,700 on positive preservation activities and 
$12,728,300 to mitigate adverse effects of highway constmction. That same year the US 
Army Corps of Engineers sponsored 57 mitigation and preservation projects worth 
$2,951,000 (Green and Davis 1981). 

11. In the early 1970's several investigators and the participants of the 1974 
Conference on Cultural Resource Management began to challenge the wisdom of salvage 
archaeology, and proposed instead a "conservation approach to cultural resources 
management" (Lenihan et al. 1981). These efforts have been carried on through the 1980's, 
and in 1987, the US Army Engineer Waterways Experiment Station and the Center for 
Engineering Geosciences, Texas A&M University, sponsored a workshop in which the 
effects of burying archaeological sites for protection were considered (Mathewson 1989a). 

12. Participants of this interdisciplinary workshop on the physical-chemical-
biological processes affecting archaeological sites recognized specific areas in the problem 
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of preservation of archaeological sites that require research (Mathewson 1989a). This 
particular study addresses the following research programs, as noted by Mathewson 
(1989b): 

.9:. A field investigation o~ the phy~ical and c~em~cal chan/:?;es that oc~ur in 
soils buried below engmeered fills ~o provide m.formation on th~ mfl~ence 
of burial on the physical and chemical changes m an archaeological site . 

.b.. A full-scale field investigation of the compressive and differentiafl stresses 
induced on buried site components to determine the influence o burial on 
the protection of archaeological remains. 

Study Objectives 

13. The primary objective of this study was to investigate the physical and 
chemical changes that take place upon the burial of an archaeological site. Burial of 
archaeological sites for their protection is considered a viable alternative to archaeological 
excavation in cases where an engineering project will not intrude into the site. Burial of a 
site has merit because the components, or artifacts, and their spatial interrelationships will 
be preserved in place. To archaeologists, the preservation of these remains is paramount 
because artifacts are the means by which the activities of past cultures are inferred; 
moreover, artifacts preserved in place, or within context, are exceedingly more valuable 
than well preserved pieces in a museum. There is concern, however, that the physical and 
chemical effects of burial may be more deleterious to the protected artifacts than if the site 
were excavated, the information recorded and photographed, and the artifacts removed 
and placed in storage under ideal environmental conditions. 

14. Site conditions either enhance the preservation or accelerate the decay of 
organics, metals, and other materials commonly encountered in archaeological sites. The 
problem of preservation is therefore compounded by the fact that archaeological remains 
and their spatial interrelationships react differently to changes in the physical, biological, 
and chemical environment of the site (Mathewson 1989b ). This is shown in Figure 1, a 
matrix summarizing the post-burial effect of common physical, chemical, and biological 
processes on specific site components. The complex reaction between the soil matrix and 
the components of archaeological sites makes burial of sites for protection a challenge. 

15. The philosophy of burying an archaeological site for protection includes the 
following implications (Mathewson and Gonzalez 1988; Mathewson 1989c): 

Q• Burial of an archaeological site, unlike excavation maintains the 
archaeological resource in place. ' 
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Mathewson 1989b) 
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.b.. An archaeological site is continually changing and decaying with time, 
hence the goal of preservation is not to prevent change, but to reduce the 
natur~l process of decay by shielding a site from adverse human and 
natural impacts. 

~-

Q. 

Preservation of a site will involve what is technologically and economically 
feasible at present. 

Preservation of a site is limited to the length of time that the technique 
utilized will afford protection, or until the site is to be excavated by 
archaeologists. 

The implementation of site burial as a preservation technique is, therefore, the design and 
construction of a "custom-made" engineering cover that will induce the environment most 
favorable for the protection of discrete site components and/or spatial relationships. 

16. The processes that occur in a site upon burial, however, are not well 
understood. While the use of burial as a preservation technique is an attractive option, this 
technique should be used only when preservation of the site by burial is ensured. If the 
processes that result from burial are deemed to be detrimental to the site components, 
other preservation techniques should be considered. 

17. The objectives of this study are three-fold: 

fl. To study the effect of burial on soils by observing any differences between 
adjacent buried and unburied soils . 

.b.. To investigate the effect of vertical compressive loads on the breakage of 
archaeological materials. 

~. To evaluate the applicability of burial as a preservation technique for 
archaeological sites. 

The investigation of the physical and chemical changes induced by burial was designed to 
determine the influence of the physical and chemiCal properties of the fill, thickness of the 
fill, geomorphic environment, and age of burial on the buried soils. The investigation of 
the effectiveness of burial to protect against construction loading was designed as a full-
scale field experiment in which artificial sites were constructed, buried, loaded, and 
excavated. 
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PART II: ARCHAEOLOGICAL EVIDENCE 

Aboriginal Mounds 

18. Mississippian Era mound construction and morphology, as well as "in situ" 
preservation relationships, may shed light on the present problem of site burial as a means 
of site preservation. The problem of time and its relationship to compaction at depth on 
fragile archaeological components can be tested empirically by reviewing data collected 
through excavations conducted during the last 150 years. 

19. It is clear that material can be preserved in an engineered embankment, or 
mound. Early inhabitants began burying remains of their civilization more than 1,000 years 
ago and in some cases the human remains, pottery, weapons, and jewelry interred within 
these burials are still intact. The following discussion provides a short review of the 
distribution and characteristics _of aboriginal mounds. 

20. Considerable time and energy were expended in the construction of mounds. It 
has been estimated by Griffin, Flanders and Titterington (1970) that Mound M, in Illinois, 
which is 130 H * (39.6 m) in diameter and 16 ft (4.8 m) high, would require about 500,000 
individual loads or 12,500,000 lb of earth; and, assuming at least 7 months of "good" 
working conditions, a work force of 120 people could finish the project in one season. 
Mounds have all dimensions, from a few metres in height and diameter, to those which, 
like the structure at the mouth of Grave Creek in Virginia, rise to the height of 75 ft (23 m) 
and measure 1,093 ft (333.3 m) in circumference at the base. Another mound in the 
vicinity of Miamisburgh, OH, is 41.3 ft (22.5 m) in height, 931 ft (284 m) in circumference at 
the base, and contains 103,784.3 m3 of fill (Silverberg 1968). 

21. In Louisiana, the Poverty Point earthworks are the largest and most complex 
constructions known for Late Archaic America north of Mexico (Gibson 1987). It has been 
estimated that thirty million 50-lb (22.68-Kg) basket-loads, or 0.75 million yd3 (0.57 million 
m3) of earth went into the construction of Mounds A and B and of the ridges. Mound A ' 
measures 765 by 874 ft (233.3 by 266.6 m) at the base and rises to 76.4 ft (23.3 m) above the 
surrounding plain. It has been estimated that the finished mound required at least 3 
million man-hours of labor (Silverberg 1968). A simple calcul.ation of the ridges alone 
gives a figure of about 530,000 yd3 (405,211 m3) of earth, a mass "over 35 times the cubage" 
of the pyramid of Cheops in Egypt (Silverberg 1968). 

22. The Cahokia site, located east of St. Louis, in the broad alluvial plain of the 

* A table of factors for converting non-SI units of measurement to SI (metric) units is presented on page 6. 
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Mississippi River Valley known as the American Bottom, is without a doubt the largest 
prehistoric site in North America north of central Mexico (Fowler 1969). Today it is 
estimated to encompass over 3,700 acres (1,497.3 ha) and to include within this area more 
than 100 mounds of various sizes and shapes. The largest of these features is Monks 
mound. This structure covers 15 acres (60,703 m2) of ground, is 1,115 ft (340 m) long and 
776 ft (236.6 m) wide and rises to over 109 ft (33.3 m) above the valley floor. This mound 
is second in size to Cholula and the Pyramid of the Sun at Teotihuacan, Mexico, the largest 
man-made structure in North America. The volume of Monk's mound has been calculated 
at 21,690,000 ft3 (Fowler 1969). 

Artifact Properties 

Ceramic Composition and Strength 
23. In order to better understand ceramic preservation at depth, the physical 

properties of ceramics and their relationship to the fabrication processes must be known. 
It can be assumed that vessel or sherd strength is a function of: 

_g,. The composition of the original clay. 

h.. Processing methodology, including the extraction of coarse particles, 
addition of temper fragments and the firing temperature. 

~. The vessel's use or function, including its thermal history (heating and 
cooling) . 

.d. The burial stage, including infiltration of foreign matter into the sherd 
body, extraction of sherd matter due to solvents from invading solutions 
orientation and depth of burial. ' 

Raw Materials 
24. During times of flood and high water, clay and silt-sized particles carried by the 

water are deposited in low energy aqueous environments, forming tacky d~rk gray to black 
"gumbo" deposits. This was the source of many raw materials used by aboriginal potters, 
producing gray to gray-brown pottery. Because the clays are high in organics, a dark gray 
to black core is normally present in the finished product. 

25. A mineralogical analysis of alluvial materials from the Mississippi River and its 
tributaries was conducted by Holmes and Hearn (1942). They found that clays in the 
bottomland are high in smectite, * which form from weathering products, such as silica and 

* Smectite is used in this report to include all expandable 3-layer clay minerals. 
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bases, that are not leached out of the soil. Smectite, however, is not normally considered 
suitable for use in low-fired technically simple wares because of its extreme plasticity and 
high shrink/swell ratio, which are difficult to overcome by adding temper. Grim (1968) 
determined that even a small amount of smectite will significantly alter the workability of a 
clay. The bonding between successive three-layered smectite units is very weak, and water 
may enter between the units thereby causing the mineral to swell. During the drying and 
firing processes, this water is expelled, which in turn causes shrinkage and frequent spalling 
of the ceramic object. In order to counteract this, it is necessary to add sufficient amounts 
of tempering materials such as quartz, grog, or shell. 
Tempering Materials 

26. The earliest Gulf tradition ceramics (2500 B.C. to 1000 B.C.) used fiber-
tempered, mass-modeled pottery of the Stallings Island and Orange series (Bullen 1972; 
Fairbanks 1942; Stoltman 1972). These vessels were generally globular or flat-bottomed 
cylinders in shape, with podal supports or annular base appendages (Walthall and Jenkins 
1976), and were made of clay that was deliberately tempered with plant fibers. The fibers 
would burn up during the firing process, thereby leaving elongated cavities in the vessel 
wall (Jenkins 1981). Cavities or voids left in the vessel wall would greatly depreciate the 
vessel's ability to withstand mechanical stress. By burning out the organic substances 
(straw) an artificial porosity can be produced (Rye 1976). During use, and/or after burial, 
the porosity, and thus the strength, can be affected by cementation (crystallization of 
gypsum) or leaching (calcite dissolution). 

27. Gradually through time, potters began adding quartz-rich sand and "grit" to the 
paste in addition to the plant fibers. Eventually, by around 500 B.C., or by the beginning of 
the Late Gulf Formational period (500 B.C. to 100 B.C.), sand became the only tempering 
agent used. The early sand-tempered pottery, represented by the Wheeler series 
(Wimberly 1960) had a texture which was typically coarse, with sand inclusions often as 
large as 0.06 in. (1.5 mm) in diameter. By the end of this period, the sizes of the inclusions 
are noticeably finer, with particles rarely over 0.02 in. (0.5 mm) in diameter. 

28. Potters around A.D. 400, or the Middle period of the Woodland stage, began 
working with crushed sherds, or "grog," as a tempering material in addition to the sand in 
order to make cord-and~fabric-marked pottery characterized by the "Miller" variant. Grog, 
consisting of fired clay, has thermal expansion characteristics that are identical to those of 
pottery (Rye 1976), which would solve the problem of nonuniform expansion. Eventually, 
by the Late Woodland stage (A.D. 600 to A.D. 1100), an exclusively grog-tempered ware 
called "Baytown" variant became the dominant type produced. The temper inclusions were 
relatively coarse, often 0.04 to 0.1 in. (1to3 mm) in diameter. 
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29. The last major change in the ceramic sequence occurred by A.D. 1000, when 
Mississippian-stage pottery began to appear. The primary tempering agent for all vessels 
changed from grog to crushed shell, with a range from coarse to fine grain. Coarse ware, 
containing shell inclusions greater than 1.5 mm (0.06 in.) in diameter, was usually 
unburnished and was fired in an oxidizing environment, which produced a finish that varied 
from pale yellow to deep brown. Finer ware, containing very fine. shell particles (well 
below 1.5 mm [0.06 in.] in diameter), was thoroughly burnished and was fired in a reducing 
atmosphere. Both coarse and fine wares were constructed by:. a method most clearly 
described as mold-assisted coiling, in which mold-made sections were fastened to coiled 
sections, or coiled sections were fastened to one another (van der Leeuw 1980). Crushed 
shell ultimately replaced grog as the predominant temper in cooking vessels. Mississippian 
ceramics were generally better constructed, with thinner walls, a greater variety of vessel 
shapes and uses, and decorated with more sophisticated techniques than those employed 
during the Woodland Period. In Upper Mississippian sites, shell-tempered ware represents 
over 95 percent of all pottery excavated, while grit, limestone, and grog tempers occur with 
some frequency throughout the southern United States (Stimmell, Heimann, and Hancock 
1968). 

30. The granular alignment of grog is typically equiaxial, and therefore has no 
preferential orientation. Crushed shell, on the other hand, is platy, and the finishing 
technique tends to orient the flat grains parallel to the vessel's surface. Ceramics 
containing oriented, plate-like grains tend to have a much greater fracture resistance than 
those containing equiaxial grains (Shepard 1956). This occurs because cracks in the weaker 
matrix material spread around stronger grains rather than through them, thus the temper 
particles act as barriers to crack propagation. Other flexure stresses usually begin at the 
surface and propagate inward along a path of least resistance (Lawrence 1972). 

31. It seems reasonable to acknowledge the possibility that potters deliberately 
manipulated paste composition in order to make some vessels more suited for cooking and 
other vessels more suited for noncooking tasks. If the paste distinctions are correct, then 
logically one could expect to find evidence of two things: 

f!. Th<;tt the fine paste favored for nonc?oking wares would impart a 
resistance to breakage from mechamcal stress, the kind of stress that 
might result from being dropped or buried. 

h. Th~t the coars~ paste favored for cooking wares would impart a high 
resistance to failure from thermal stress, the kind of stress that results 
from a vessel being subjected to rapid changes in temperature. 

It therefore seems likely that the relationship between strength and paste composition is 
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intrinsic to the material, and is not simply a spurious outcome of different thermal histories 
while in use (Steponaitis 1984). 
Ceramic and Bone Alteration 

32. Fired ceramic objects, especially low-fired sherds (500 to 700 °c, or 932 to 
1292 °F), are very sensitive to environmental conditions after burial when they react with 
invading solutions. Hygroscopic solutions, such as soluble salt, repeatedly dissolve and 
recrystallize as the relative humidity rises and falls. These salts eventually reach the 
surface of the pot where extensive crystallization takes place, exfoliating the surface of the 
pot and eventually breaking it up through internal stresses as the crystals grow (Hamilton 
1989). 

33. The presence of secondary calcite is clearly identifiable. Calcite may 
crystallize directly from invading carbonatic solutions without a contribution of matter from 
the sherd itself or it may form secondary minerals through reactions between minerals in 
the sherd and invading solution. Rehydration of incompletely destroyed clay minerals in 
low-fired sherds is another possible process of sherd destruction which has been recognized 
by several authors (Maggetti and Schwab 1982; Maggetti 1981; Maggetti and Rossmanith 
1981). 

34. According to Hamilton (1989), bone is easily warped by compaction, moisture, 
and heat, and is decomposed when in prolonged contact with water. In buried 
archaeological sites where moist conditions prevail, the ossein is decomposed by hydrolysis 
and the inorganic framework is disintegrated by acids. In waterlogged sites, bones are 
converted to a sponge-like material. In a salty environment, bone can absorb soluble salts 
which tend to form crystals and damage the specimen. In arid sites they become dry, 
brittle, and fragmented. Steele (1989) states that bone can be better preserved at sites 
where the soil is not subject to alternating wetting and drying, or freezing and thawing. In 
both of these conditions, the changes in water content in and surrounding the bone create 
differential stresses which can crack or break the bone. Preservation can be enhanced if 
bone is not subject to uneven compressive forces, or to slumping or reexcavation by water. 
The inorganic matrix of bone can be preserved at sites where the acid content is low (such 
as in limey soils, or soils low in acid water content) because the matrix of bone is principally 
composed of calcium phosphates. 

Archaeological Evidence 

35. Squire and Davis (1848) observed that skeletons in mounds in the Mississippi 
Valley dating from the 15th century seldom occurred more than a metre below the surface 
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and were generally preserved intact. The crania were rarely, if ever, crushed and the bones 
still retained a portion of their animal matter. In ancient burials, however, the skeletons 
are almost invariably found at the base of the mounds, and in such a state of decay as to 
render all attempts to restore the skull, or any part of the skeleton, entirely hopeless. The 
crania, when not so decomposed as to crumble to powder when touched, are crushed and 
flattened by the collapse of sepulchral chambers caused by the weight of the overlying soil. 

36. McAdams (1887), excavating near the base of the Cahokia mound in the 
Mississippi Valley in a crumbling tomb of earth and stone, found a great number of burial 
vases, over 100 of which were in perfect shape. On the other hand, Thomas (1894) 
excavated a mound in which skeletons associated with whole ceramic vessels, buried 2.13 m 
(7 ft) below the surface, were in a much better state of preservation than those found 45.7 
cm (18 in.) below the surface. Thomas described another mound 11 m (36 ft) high, which 
had 11 crushed and decayed skeletons and scattered mussel shells buried 8.2 m (27 ft) 
below the surface. The lithic materials associated with the burials were not altered. The 
Citico mound, also described by Thomas, is located on what he describes as the first 
bottom of the Little Tennessee. This mound is often surrounded by water in times of flood, 
but has never been known to be covered. The mound's length is 67 m (220 ft), it is 56 m 
(184 ft) wide at its greatest width, and 4.3 m (14 ft) high. A total of 91 skeletons were 
unearthed, with bones so decayed that only a few whole skulls could be obtained. 
Skeletons near the surface were so badly decayed that no part of them could be preserved. 
Whole pottery vessels and complete skulls were recovered at depths ranging from 1.5 m 
( 4.9 ft) to 3 m (9.8 ft). Broken vessels and sherds, as well as decayed skeletons, were also 
found throughout the mound. Thomas did not address the conditions responsible for this 
obvious case of differential preservation at this particular site. 

37. Another site excavated by Thomas in Tennessee, Mound No. 2 of the Lenoir 
group, is circular, 36 m (118 ft) in diameter and 3.6 m (11.8 ft) high. Excavated prior to 
1894, the site yielded nine skeletons. At a depth of 45.7 cm (18 in.) was the skeleton of a 
child with the skull crushed and the bones badly decayed. The other eight skeletons, all 
adults, were found at a depth of 2.3 m (7.5 ft), in a much better state of preservation than 
that of the child. Associated with this burial were three ·whole pots and a few broken 
beads. 

38. In West Virginia, a mound 173.3 m (568.5 ft) in circumference and 11 m (36 ft) 
high, revealed 11 skeletons buried at 9 m (29.5 ft), all of which were crushed and decayed 
(Thomas 1894). Associated with these burials were whole, finely worked lithic "lance" 
heads, three arrowheads, and some decayed mussel shells. 

39. The Belcher Mound site, located in Caddo Parish, Louisiana is one of the 
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several excavated sites which, because of stratification, proved to be valuable to the process 
of culture delineation (Webb 1959). Archaeologists consider this site, the Hatchel Mound 
near Texarkana, and the Davis Mound site in east Texas to be key sites in the formulation 
of cultural classifications (Krieger 1946; Newell and Krieger 1949; Webb 1945, 1948). The 
earliest habitation period at the Belcher site (Belcher I) shows characteristics which relate 
it to the Alto and Haley foci, which may go back to as early as A.D. 400 to 600. The second 
habitation level (first mound structure) is attributed or related to the widespread Bossier 
Focus which is in the Fulton Aspect, A.D. 1300-1700 (Webb 1948). Belcher III and IV 
(post A.D. 1700) are the final two habitation levels. 

40. In relating the burials to cultural levels, burials 11 and 12 relate to Belcher I, 
the premound level which appears to be a Haley Focus component. At a depth of 4.3 m 
( 14 ft), just beneath a red clay cap of the primary mound, is burial 11 which consists of five 
skeletons. The skeletal materia_l was well preserved, with heavy incrustation of sand, 
calcium, and iron oxide. Ceramics associated with this burial were three intact pottery 
vessels: one Moore Noded bowl; one Hickory Engraved bottle; and one Smithport Plain 
bottle. Burial 12 was similar in depth and design, except three of the four skeletons had 
crushed skulls. Ceramics associated with this burial include one broken Smithport Plain 
bottle, one small pottery pipe with a broken stem, and one intact pottery jar with engraved 
decoration similar to Crockett Curvilinear Incised. 

41. Fay (1968) conducted a salvage project on a small mound site which was 
originally discovered by a farmer when he accidentally "gouged into" the mound while 
parking his tractor on the top of the knoll. The site dates from the Bossier Focus of the 
Fulton Aspect, A.D. 1300-1700. Within the mound at a depth of 40 to 56 cm (16-22 in.) 
were several burials which were associated with shell-tempered ceramic grave goods. 
Some of the vessels were whole, while others were fractured but restorable. One of the 
skulls was crushed by the weight of the tractor that was parked on top of the mound. 

42. At the Alex Justiss Site in Titus County, Texas, 195 vessels and over 200 
arrowpoints were collected (Bell 1981). The stratigraphy at the site was a tan fine sand 
down to 1.21 m (4 ft), underlaid by a red clay horizon. The average depth for the burials 
was 0.6 m (2 ft) with one as deep as 1.21 m (4 ft). Due to the nature of the sandy matrix 
and the imperviousness of the underlying horizon, bone preservation was so poor that some 
burials had only stains where bone once existed, while others had only bone fragments. 
Burial 10 had eight whole ceramic vessels associated with a decayed skeleton; and burial 
21, 45.7 cm (18 in.) deep, had one vessel associated with a well-preserved skull. Burial 14 
had four vessels, three of which were Ripley Engraved, two were fractured, and one was a 
whole appliqued jar. A good many of the vessels removed intact were excavated prior to 
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the use of heavy equipment to remove the plowzone portion of the site. Many of the 
vessels recovered in later excavations were in a shattered state, which is believed to have 
been caused by the weight of the excavation equipment. 

43. Stratified burial complexes of the Knight and Norton Mounds present the 
effects of compaction and compressive forces on fragile archaeological material at varying 
depths. These mounds are located in Calhoun County, Illinois, on bluffs above the flood 
plain of the Mississippi River. They were constructed on soil derived from the loess 
deposits of the upland areas. The loess, a brownish yellow-gray silt loam, has a subsoil 35 
cm (13.7 in.) below the surface which varies from reddish-brown to reddish-yellow (Smith 
et al. 1932). 

44. The Knight mound group represents the burial customs of prehistoric societies 
living on the east side of the Mississippi River from about A.D. 150 to around A.D. 400. 
Mound C-1, which measures 15.2 by 7.6 m (50 by 25 ft) and is approximately 1.8 m (6 ft) 
high, is representative of burial practices of a Late Woodland population. Burial 9, at a 
depth of 0.97 m (3 ft 2 in.) below the original ground surface, was that of a child. The skull, 
as well as the vessel associated with the burial, were crushed, though neither were in a 
serious state of decay. The vessel, a Canteen Plain vessel with a mussel shell spoon inside, 
has 5 to 6 mm (0.19 to 0.23 in.) thick walls and is tempered with sparse grit and some fine to 
coarse sand. All of the vessels appear to be slightly asymmetrical, probably resulting in 
part from the weight of the mound on the ceramics (Griffin, Flanders, and Titterington 
1970). There is very little information pertaining to burial 10, other than it consisted of 
four extended adults in which the skeletal material was in a poor state of preservation. 
Burial 14 was that of an adult female, buried at 1.46 m (4 ft 8 in.) below the surface of the 
mound. The bones and skull were well preserved, although the vessel was fractured. The 
Canteen Cord-marked vessel was tempered with coarse to fine grit and had a wall thickness 
of 6 mm (0.23 in.). Burial 19, at a depth of 0.85 m (2 ft 8 in.) from the surface of the 
mound, was that of a child estimated to have been 7 to 8 years old. Neither the skull nor 
the burial vessel were crushed. The vessel, a Canteen Cord-marked, with a wall thickness 
of 5 mm (0.19 in.), was tempered with angular grit with some sand and sparse hematite 
particles. 

45. Mound C-2 has a diameter of 18.3 m (60 ft) and a height of 1.5 m (5 ft). This 
mound entailed 30 to 35 burials which occurred in two levels; the upper level had flexed 
burials and no grave goods, while the lower level had extended burials with grave goods. 
Out of the 30 to 35 burials, only seven skulls were saved. Buried at 1.06 m (3 ft 6 in.) was a 
young male whose remains were in good condition. Associated with this burial was the 
largest Canteen Plain vessel to be found in the mound, with a height of 22 cm (8.6 in.) and 
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a wall thickness varying from 3 to 6 mm (0.11-0.23 in.). Buried at the same depth was a 
child with poorly preserved bones, associated with a broken Canteen Cord-marked, grit-
tempered vessel. Near the base of the mound was a burial associated with a broken turtle 
carapace, a fragmented bird effigy stone ( claystone) platform pipe, and a broken Canteen 
Zoned Incised vessel with a wall thickness of 6 mm (0.23 in.) tempered with angular grit 
with hematite inclusions. 

46. Mound C-3, which is approximately 2.7 m (9 ft) high, reveals in cross section 
two loess levels divided by a red clay level. Near the center of the mound at a depth of 45 
cm (18 in.) was a burial associated with a Canteen Plain vessel with grit temper and a wall 
thickness of 5 to 6 mm (0.19 to 0.23 in.). This vessel was of such poor construction and 
firing that it had collapsed under the weight of the mound. Near the center of the mound, 
within the clay level and at a depth of 1.52 m (5 ft), were three adults and one child. The 
adults' remains were well preserved, but the skeletal remains of the child were crushed. 
This occurrence of selective preservation has also been recognized by Harn (1971). When 
excavating the Dickson Mound Site, he reported that the pressure of the overburden had 
been instrumental in crushing most of the skulls of children under 12 years of age, as well 
as many adult skulls and pottery vessels found in the lower levels of the mound. 

47. At the Sam Kaufman site in Red River County, Texas, among many burials, 
was a shaft burial 2.1 m (6.8 ft) deep (Skinner, Harris, and Anderson 1969). In association 
with nine human skeletal remains, all of whose skulls were crushed, there were 32 complete 
and/or restorable vessels. The burial floor was a hard, compact red clay, overlain by a 
black clay which was covered by sand that had been previously plowed. It could not be 
determined whether the skulls were crushed by the weight of the farming machinery or 
through natural processes. The ceramics, most of which were fractured, had an average 
wall thickness of 3 to 7 mm (0.11 to 0.27 in.). 
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PART III: BURIED SOILS INVESTIGATION 

Buried Soils: Previous Work and Theoretical Modeling 

Definitions and initial considerations 
48. Buried soils, using Retallack's (1983) definition, are former land surfaces, 

modified by physical, chemical, and biological processes, that have since been covered by 
younger sediment. Buried soils are found in environments where long periods of landform 
stability, during which pedogenic processes are active, are interrupted by periods of 
landform instability characterized by deposition of sediment. Cyclic phases resulting from 
fluvial, aeolian, glacial, volcanic, and tectonic processes are commonly associated with 
buried soils (Butler 1959; Catt 1986). 

49. To many authors, the definition of buried soils is restricted by the depth of 
burial. Birkeland (1984), for example, limits buried soils to those buried deep enough to be 
unaffected by current pedogenic processes, particularly biological activity. To the US 
Department of Agriculture (USDA) (1987), the definition of a buried soil is more specific: 
a soil is buried if covered by a mantle of new material, largely unaltered, 50 cm (20 in.) or 
more thick; or by a surface mantle between 30 and 50 cm (12 and 20 in.) thick if the 
thickness .of the mantle is at least half that of the diagnostic horizons preserved in the 
buried soil. For the purposes of this study, the definition of buried soils will be loose, 
including soils buried shallow enough that they are currently being modified by pedogenic 
processes, and soils buried deep enough that they are modified predominantly by geologic 
processes. 

50. Most researchers of buried soils agree that burial brings about changes in soil 
properties. In fact, post-burial change often makes the field appearance of buried soils 
unconvincing (Catt 1986; Birkeland 1984). The three major unknowns in the problem of 
diagenetiC alteration (i.e., all changes, except for weathering and metamorphism) of buried 
soils that a sediment is subjected to after deposition are: 

!!· Which specific soil properties change upon burial? 
h. How much do these properties change? 
~. What is the rate of change induced by burial? 

51. These three unknowns have traditionally been of concern to paleopedologists, 
but they are now of utmost concern to researchers interested in preserving archaeological 
sites by burial because the pedological and geological environment of the site influences 
the state of preservation of surviving archaeological materials (Hassan 1985; Mathewson 
1989a). Archaeologists know that soil variables such as the availability of water, presence 
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of organic acids, pH, redox potential (Eh), and temperature can be useful to predict and 
interpret the frequency of bones, plant remains, shells, and other perishable substances 
(Hassan 1985; Mathewson 1989b; Hamilton 1989; Haas 1989). 
Previous Work on Buried Soils 

52. While buried soils are being increasingly recognized in the field and described 
in the literature, much research is yet to be done in this area (Yaalon 1971, 1983; Retallack 
1983; Catt 1986; Boardman 1985; Wright 1986). A few efforts have concentrated on 
classifying those soil properties that change upon burial, and determining their rate of 
change. Yaalon (1971), for example, classifies soil properties into three groups based on 
how rapidly they respond to a new environment resulting from burial. Easily altered soil 
properties take less than 1,000 years after burial to reach a new steady state, and include 
organic matter, nitrogen and soluble salt concentration, pH, and structure. Relatively 
persistent soil properties take more than 1,000 years to reach a steady state with the burial 
environment. These soil properties include carbonate concentration, particularly calcium 
carbonate concretions, and illuvial clay horizons. The third group of soil properties result 
from irreversible processes. The best example of these processes is weathering of feldspars 
forming clay minerals. 

53. Birkeland (1984) maintains that "soon after burial" soils undergo rapid changes 
in pH, base saturation, exchangeable cations and other properties commonly used to 
classify soils. Hallmark and Wilding (1989) consider the changes in buried soils to be 
determined primarily by the cover material. Abrupt changes in the soil solution, due to 
marked differences in composition and pore continuity between the buried soil and the 
cover material will ultimately affect the properties of the buried soil. Gerasimov (1971) 
states that buried soils will undergo very sharp changes, gradually losing their original 
properties, and acquiring new ones due to diagenetic processes that result from pressure 
from the overburden, infiltration and groundwater, mass movement, intraground biological 
activity, and others. 

54. Retallack (1983) found that post-burial alterations in paleosols of the 
Badlands National Park were few, and that these generally did not obscure what he calls 
"early diagenetic" alterations due to ancient soil-forming processes. Post-burial changes he 
noticed include chemical alterations, diagenetic reddening, complete destruction of organic 
material, compaction, mineral impregnation, and alteration of calcareous layers and 
nodules. 

SS. A study of buried soils under constructed embankments, namely burial 
mounds and earthen walls, was conducted by Gubin in 1984. He investigated fills of 
various ages and concluded that the changes in the buried soils varied according to: 
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fl. The type of soil buried . 
.h. The duration of burial. 
£. The conditions of burial. 

Gubin also recognized three stages of development for the dry, buried Soviet-steppe soils. 
The first stage occurs within 200 to 300 hundred years after burial. This stage is 
characterized by the compaction of the mound material, removal of salts from the upper 
mound horizons, and accumulation of organics at the top of the mound. In essence, the fill 
begins to develop pedogenically. In the buried soil itself, he noticed a sharp and rapid 
decrease in the organic matter content of the upper horizons (within the first 10 to 40 years 
after burial), with consequent lightening in color and loss of structure. The second stage . 
occurs between 100 and 1,500 years after burial. During this stage the mound fill can be 
called a soil. The appearance of an illuvial horizon in the mound alters the moisture 
conditions significantly, protecting the buried soil from external factors. In the buried soil, 
the humus content in the top layers continues to decrease, while the organic matter in the 
illuvial horizons remains resistant to diagenetic change. Salts washed through the mound 
and into the buried soil accumulate at the top of the illuvial horizon. The exchange 
reactions that result from this influx of soluble salts cause the content of exchangeable 
bases to be altered. Finally, during the third stage (1,500 to 2,000 years), the buried soil 
reaches a stable dynamic equilibrium with the burial environment. The mound soil at this 
stage has developed a distinct A-B-Bk-BC profile, and greatly diminishes the amount of 
moisture that penetrates the buried soil. The remaining organic matter in the buried soil 
has been preserved as humic acids, and these maintain the dark coloration and 
microstructure of the buried soil. 

56. The observations and predictions made by these researchers on changes in 
buried soils suggest that a distinct set of chemical properties immediately change upon 
burial of a soil. These chemical properties include pH, organic matter, redox potential of 
iron, total nitrogen, and salt concentrations, including calcium carbonate. Morphological 
and physical properties that seem to be affected the most by burial include soil fabric, 
structure, and bulk density (all altered due to compaction). These observations correlate 
well with those properties that Harden (1982) found develop first in a soil profile. Her 
studies of a chronosequence in California determined that the soil thickness, degree of or 
lack of stratification, field melanization, organic carbon, total nitrogen, pH, exchangeable 
H, base saturation, and soil structure develop within 100 years after deposition of sediment. 
These seem to be the same properties that will alter first upon burial. An understanding, if 
very simplistic, of the processes that may induce diagenetic change in soils upon burial can 
perhaps be best attained using the classic models of soil genesis as a starting point. 
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Models of soil genesis 
57. Factors of soil formation. In Jenny's (1941) model of soil formation, the 

properties of a soil are defined as a function of parent material, climate, biota, relief, and 
time. Following Jenny's example, a buried soil can be represented by a simple equation 
that stresses those environmental factors believed to be most important in determining the 
buried soil properties: 

Buried soil = f( original soil, overburden, depth of burial, 
groundwater, time, ... ). , 

58. The physical and chemical properties of the original soil (the buried soil prior 
to burial) will determine to a large extent the properties of the buried soil. This 
relationship, while it may seem evident, needs to be strongly emphasized. The texture of a 
soil, for example, will change little upon burial. A well-developed illuvial (Bt) horizon in a 
buried soil is indicative of a well-developed illuvial horizon in the soil prior to burial. The 
particle size distribution and chemical composition of the overburden or fill will control the 
amount of infiltration reaching the buried soil and the chemical imprint the buried soil will 
develop with time. The depth of burial will determine whether geologic or pedologic 
processes will dominate. Deeply buried soils are acted upon by processes similar to the 
initial stages of diagenesis in which sediment is converted to consolidated rock. Shallow-
buried soils continue to evolve under the action of pedogenesis (Ruellan 1971). The 
groundwater will control to a large extent whether a buried soil will change in character, 
physically or chemically, and whether burrowing organisms will be present. Finally, time 
accounts for the different rates of change of individual soil properties. 

59. The state-factor analysis of Jenny is based on variables rather than active 
processes of soil formation to explain the properties of a soil, revealing little about the 
dynamics of the soil system. The environmental factors that seem to control the properties 
of a buried soil, therefore, will be examined using other soil genesis models that do stress 
the dynamic processes of soil development. 

60. Energy model. The energy model of Runge (1973) emphasizes the intensity 
factors of water available for leaching (w), organic matter production (o), and time (t) in 
the development of soils. This model can be applied to buried soils, with water still being 
the most important transport agent, if and only if infiltration reaches the buried soil 
regularly, allowing pedogenic processes to dominate. 

61. Movement of clays and soluble salts into the buried soil will be conditioned by 
the chemical and textural characteristics of the overlying strata and of the buried soil itself. 
If illuviation does occur, further profile development can be expected, although at a slower 
rate than if the soil was at the surface. 
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62. The moisture content, texture, and pH of the buried soil will also control the 
amount of organic matter, important in horizonation and taxonomic classification, 
introduced by burrowing organisms. Burrowing invertebrates can be found to depths of 
over 2 m (some ants are known to dig 6 m to reach the groundwater table) in well-drained, 
sandy to silty soils with a pH range of 4.3 to 9.2 (Wicksten 1989). Burrowing vertebrates, 
on the other hand, generally dig less than 1.5 m deep in sandy, silty, and loamy soils with a 
"moderate" moisture content (Wilkins 1989). 

63. The model of Runge (1973) is based on the input and output of solar and 
gravitational energy fluxes into the soil. The effect of these energy fluxes, however, 
changes or ceases altogether in deeply buried soils. The energy flux of solar radiation, 
responsible for the production of organic matter and for promoting chemical and physical 
(i.e., freeze-thaw) weathering in surficial soils, becomes ineffective at depth. Daily soil 
temperature fluctuations are negligible below 30 cm, while annual variations are 
insignificant at depths greater than 6 m (Griffiths 1989). 

64. Gravitational energy, responsible for moving water and other soil materials 
down the soil profile in Runge's model, has a different effect in deeply buried soils. The 
most evident change is a decrease in pore space (and increase in bulk density) due to 
compaction. The weight of the overlying strata will, depending on the moisture content of 
the paleosol, destroy or coarsen the structure of the buried soil. If the buried soil has a 
very low moisture content, compaction will increase the packing of the individual grains, 
destroying the structure of the soil. Conducting voids, though, may still be recognized from 
pedogenic microfeatures such as argillans, and carbonate (calcans) or sesquioxide (ferrans) 
coatings (Catt 1986). If the buried soil behaves semi-plastically due to a high moisture 
content, coarsening of the buried soil's structure can occur. A decrease in water in the 
overlying strata will relieve some of the pressure at depth, allowing the buried soil to swell. 
The high frictional resistance, however, will allow only a few shear planes to develop, 
making the buried soil structure larger or coarser than that of the original soil (White 
1966). 

65. The model proposed by Runge (1973) is useful to understand the cause and 
effect of changes in the buried soil properties, but it also has its limitations. The energy 
fluxes and factors are as difficult to quantify as Jenny's five soil-forming factors. The 
discussion on energy fluxes suggests that other processes, rather than gravity and solar 
radiation, are important in characterizing the soil system at depth. 

66. Systems or process-response model. One of the earliest attempts to explain 
soil formation using a systems or process-response approach is the model suggested by 
Simonson in 1959. Simonson explains soil development as the result of two steps: parent 
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material accumulation, and horizonation. Horizonation develops from the combined effect 
of additions, removals, transfers, and transformations in the soil system (Figure 2). 

67. Influenced by Simonson (1959), Buol, Hole, and McCracken (1980) have 
classified soil processes, many of which also occur in buried soils, as additions, removals, 
transfers, and transformations (Figure 3). These processes operate simultaneously, 
mutually reinforcing or cancelling each other. Some processes tend to maintain the soil in 
its current condition, while others tend to change the soil. Figure 3 shows that most soil-
forming processes occur within the soil profile, with only a few additions and removals to 
suggest that the soil is in fact an open system. But which of these soil processes occur at 
depth in buried soils? Most of the transfers and transformations will occur at depth in 
buried soils if there is enough water in the buried soil system to serve as a transporting 
agent (for transfers), and as an agent in chemical reactions (transformations). Additions 
and losses to the buried soil, however, will decrease considerably. Figure 4 is a schematic 
representation of the surface soil and the buried soil as open systems. 

68. Thermodynamic approach. Soil scientists have also used thermodynamics to 
study soils. In this approach, the processes of soil formation are equated to fluxes of energy 
and matter into and out of the soil system, so that the effect of each process on the state of 
entropy of the system can be determined qualitatively (Smeck, Runge, and Mackintosh 
1983) (Figure 5). Assuming the soil is buried deep enough to be unaffected by biologic 
processes, the processes of soil formation decrease in effectiveness or cease altogether 
upon burial. The concept of entropy change suggests that a buried soil will tend towards a 
zero net entropy change, meaning that profile development is discontinued. The reduced 
action of soil processes, however, will not yield an entropy change of different sign (from 
positive to negative, or vice versa). While soil development will decrease or will be 
discontinued, mixing and haploidizationrof the buried soil profile will not occur. 

69. In a thermodynamic sense, soils never reach equilibrium with their 
environment, but change continuously through time (Smeck, J~.unge, and Mackintosh 1983). 
The rate of change, however, eventually levels off to a quasi-equilibrium or steady state 
given enough time with no change in the soil's environment. Burial drastically alters the 
environment of a soil with a resultant change in the soil properties. The rate and amount 
of change will be determined by the soil temperature, moisture regime, redox potential, 
mineralogy, soil water chemistry, and most importantly, the type of burial material 
(Hallmark and Wilding 1989). 
Ferrolysis and other reactions 

70. The models of soil genesis referred to above do not emphasize enough the 
effect that excessive moisture may have on soils. Altering the topography through burial of 
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Figure 2. 
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Flowchart of the major processes in soil horizon development in 
Simonson's (1959) model (from Birkeland (1984) 
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Additions Removals 

enrichment leaching 
cumulization erosion 
melanization 
littering 

Transfers 

eluviation 
illuviation 
decalcification 
calcification 
salinization 
desalinization 
lessivage 
pedoturbation 
podzolization 
desilication 
melanization 
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rubification 
gleization 
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podzolization 
desilication 
decomposition 
synthesis 
humification 
paludization 
ripening 
mineralization 
rubification 
gleization 
loosening 
hardening 

Figure 3. Processes of soil formation, classified as additions, removals, transfers, 
and transformations (modified from Buol, Hole, and McCracken 1980) 
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a soil may raise the local groundwater table (Hallmark and Wilding 1989). The changes 
effected on the buried soil, therefore, will depend on whether the buried soil is above the 
groundwater table, in its zone of seasonal influence, or below it. Those soils above the 
groundwater table will change due to both pedogenic and geologic processes. Pedogenic 
processes will dominate if the soil is found above the maximum wetting front (from surface 
infiltration). Soils below the groundwater table will be modified by geologic processes 
because water available for leaching and other pedogenic processes will reach only as far as 
the groundwater table. 

71. Buried soils that are in the influence of a fluctuating local groundwater table 
will develop a distinct set of properties as a result of the wet-dry cycles. The processes 
occurring in these soils are similar to those occurring in soils with aquic moisture regimes 
described by Schlichting and Schwertmann (1973) and Bouma (1983). During the 
waterlogged stage, if there is organic matter available and the soil temperature allows for 
non-photosynthetic biological activity to occur, the organic matter is oxidized. Oxidation of 
organic matter is concurrent with the reduction of any of several electron acceptors, such as 
02, N03, Mn, Fe, and S, found in the soil system. The resultant reduced species, such as 
ferrous iron, will in turn replace part of the exchangeable Ca, Mg, K, Na, and Al in the soil. 
These displaced cations become part of the soil solution and will either leach out, if there is 
a prevailing hydraulic gradient, or will remain in solution yielding relatively high salt 
concentrations. 

72. During the dry stage, the ferrous iron produces, upon oxidation, ferric 
hydroxide and exchangeable hydrogen. If there are soluble carbonates available, the 
exchangeable hydrogen will be neutralized; if not, the hydrogen will induce dissolution of 
the clay octahedral layers and weakening of the silica tetrahedral layers, with a resultant 
decrease in the soil's structural stability. This process of clay dissolution and aluminum 
interlayering is called ferrolysis (Bouma 1983). 

73. The salt-rich soil solution, on the other hand, may move into an aerated 
horizon where ferric hydroxide will form upon oxidation of the ferrous iron and reaction 
with carbon dioxide. In this case, aluminum species will displace most of the exchangeable 
cations in the interlayers of the clay minerals, forming chlorite and reducing the soil's 
cation exchange capacity. In this process, clay dissolution does not occur. 

74. The overall effect of periodic saturation on the soil properties includes 
mottling with chromas of two or less and presence of iron and manganese compounds (both 
.easily visible morphological features), dissolution of the clay fraction with a resultant 
decrease in the structural stability of the soil, high salt concentrations in the soil solution, 
and increased amounts of chlorite with a resultant decrease in the cation exchange capacity 
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(Bouma 1983). Not all these changes will occur concurrently. 
75. Figure 6 shows, in summary form, the changes that burial produces in selected 

soil properties, as observed by previous researchers of buried soils or predicted from the 
models of soil genesis and other known soil processes. These preliminary conclusions are 
very general, and the amount and kind of change, if any, are dependent on the 
interrelationships between several variables affecting the buried soil; therefore, specific 
cases need to be considered. 

Methodology 

76. To determine the physical and chemical effect that burial has on the 
components and interrelationships of an archaeological site, a field and laboratory 
investigation of the natural alteration of buried soil profiles in central Texas and in the 
Mississippi Valley was conducted. Soils buried under constructed embankments, including 
four railroad berms, two river levees, and one airfield apron, were compared to nearby 
unburied soils to evaluate changes within and between sites (Figure 7). It was assumed that 
short-term cyclic loading by trains and other traffic have little impact on the long-term 
processes of soil development below the embankment. The investigation program 
consisted of five phases: literature review, field investigation, laboratory investigation, 
analysis of the data, and evaluation of the results. 
Literature Review 

77. The literature review allowed for a systematic selection of the sites to be 
studied. The embankment fills selected were to meet the following criteria: 

_g. Different ages of emplacement to determine the effects of burial with 
time. 

h. Different physical and chemical properties to provide data on the effect of 
the fill on the the buried soils. 

To determine the ages of emplacement of the railroad embankments, several sources on 
the development of railroad transportation were reviewed. Zlatkovich's (1981) "Texas 
Railroads: A Record of Construction and Abandonment" was the most thorough and 
useful of these references. Geologic\ topographic, and soil survey maps were reviewed to 
determine the parent material, geomorphic position, and soil type of the candidate sites. 

78. Once 15 to 20 potential areas were identified during the literature search, a 
preliminary site investigation was carried out to select six final study sites. The final sites 
were selected according to geologic age, parent material and landform to provide the 
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Soil Properties Change Induced by Burial 

Above Groundwater Table Below Groundwater Table 

Morphological color rubification or lightening gleization 
horizon thickness decrease or no change decrease 
fabric compaction compactio·n 

Physical infiltration decrease decrease 
hydraulic conductivity decrease decrease 
texture no change or finer no change or finer 
structure coarser or destroyed destroyed 
bulk density increase increase 
particle density no change no change 
temperature no change decrease 

Chemical organic carbon decrease no change 
w I reaction (pH) no change or as affected by fill decrease +:>-

cation exchange capacity decrease or no change decrease 
extractable/exchangeable bases no change or decrease decrease as replaced by FeO 
soluble salts redox status no change increase 
nutrient content (N, P, K) decrease decrease 

Mineralogical amount and kinds of minerals increase in clays, impregnation increase in chlorite 
mineral stability increase decrease 

Biological amount & kinds of organisms decrease in # or macro and micro no macro, few anaerobics 
biological nutrient transformations decrease decrease or no change (subject to 

presence of organic matter) 

Figure 6. Predicted changes in soil properties induced by burial 



Figure 7. Example of one of the abandoned railroad grades used to determine 
the physical and chemical changes in the soil profile below a 
constructed fill 
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greatest number of different conditions within one climatic zone. The selected sites are as 
follows: 

g,. One in the Recent floodplain (Levee) . 
.b.. One in Quaternary terrace deposits (Riverside). 

~- Two in Eocene sandy uplands (Cunningham and Texas Municipal Power 
Agency (TMP A)) . 

.d.. Two in Eocene clayey uplands (Chappell Hill and Navajo). 
An archaeological soil buried under a constructed levee in the floodplain of the Mississippi 
River in Mississippi (Beulah) was also analyzed to compare the burial-induced changes in 
natural soils to burial-induced changes in anthropic soils. 

79. The sites studied, with the exception of the Beulah site, are located in the Gulf 
Coast region of Texas, close to the College Station campus of Texas A&M University. This 
requirement served at least two purposes: it kept the soil-forming factors of climate and 
vegetation similar, and kept the costs of trnvelling to a minimum. Having similar climate 
and vegetation reduced the number of variables to be included in the analysis of the soils. 
The underlying geologic units in this region are Eocene and Miocene in age. All 
formations strike northeast/southwest, and dip gently southeastwards toward the Gulf 
Coast (Figure 8). 

80. Navajo site. The buried soils in this site were drilled through an abandoned 
railroad grade located approximately 1 mile (1.6 km) west of the intersection of Wellborn 
Road and Farm-to-Market (FM) 2818 in College Station, on land owned by Navajo 
Limited, Inc. (Figure 9). The railroad line, connecting Spring to Bryan, was built in 1902 by 
the International & Great Northern Railroad Company that later, in 1956, became the 
Missouri-Pacific. The 44.2-km (27.5-mile) segment between Navasota and Bryan was 
closed in 1965 (Zlatkovich 1981). 

81. Surface deposits at this site are described as upland clayey material. The 
uppermost formation in this area is the Eocene Yegua, a sandy clay of fluvial-deltaic and 
other transitional to non-marine environments of deposition. The Y egua Formation is 
about 335 m (1,100 ft) thick in this area (Berg 1970). The lower half of this formation is 
composed of interbedded sandstones and shales. The middle unit, locally called the 
Easterwood Shale, contains bentonitic clays, while the top has channel sandstones. The 
clay units of the Y egua are described as lignitic, bentonitic, sandy, silty, mostly well-
laminated, chocolate brown to reddish brown, with some fossil wood (Bureau of Economic 
Geology 1981). 

82. The soils in this area are classified in the Brazos County Soil Survey (USDA 
1951) as Tabor fine sandy loam, 1-3 percent slopes, and Lufkin fine sandy loam, 1-3 percent 
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slopes. Tabor soils are a light-colored, crusty claypan soil that developed on alkaline to 
slightly acid sandy clay and occurs on erosional, gently sloping uplands. Their surface 
texture can vary from loamy fine sand to fine sandy loam and gravelly loamy sand. They 
have a pale brown sandy loam surface soil, approximately 20 cm (8 in.) thick, and a very 
slowly permeable, acid, mottled claypan subsoil. The Tabor soils have a slight to moderate 
susceptibility to erosion and imperfect drainage. 

83. Lufkin soil is a grayish soil that developed in alkaline to weakly calcareous clay 
and sandy clay parent material, and occur on gently sloping uplands. Lufkin soils have a 
gray crusty, fine sandy loam surface, approximately 15 cm (6 in.) thick, and a very slowly 
permeable, slightly acid, gray claypan subsoil. These soils have very slow internal drainage 
and slight to moderate susceptibility to erosion. Most areas become calcareous at 90 to 120 
cm (36 to 48 in.) and have few to many calcium concretions in the lower part of the subsoil. 

84. Cunningham site. This site is on an abandoned railroad right-of-way located to 
the east of FM 2818, just south of the intersection of Highway 21, in the city of Bryan 
(Figure 9). The railroad embankment is part of a 17.7-km (11-mi) long railroad line 
constructed by the Bryan & Central Texas Interurban in 1918 that connected Bryan to 
Bryan-Junction. The railroad was abandoned in 1923, at a time when other interurban 
lines were also closed due to the increased popularity of cars (Zlatkovich 1981). 

85. This site is along the northernmost surface outcrop of the Y egua formation 
(Bureau Qf Economic Geology 1981). The sandy deposits are therefore part of the 
interbedded sandstones and shales found at the bottom of the Y egua. According to the 
Brazos County Soil Survey (USDA 1951), soils in this site are classified in the Lufkin fine 
sandy loam, 1 to 3 percent slopes series, with small stringers of Tabor fine sandy loam, 1 to 
3 percent slopes series. 

86. Riverside site. The buried soils studied at this site are covered by the remains 
of a concrete apron in the recently renamed Riverside Campus of the Texas A&M 
University System (formerly the Texas A&M Research Annex), located on terraces of the 
Brazos River off Highway 21, approximately 9.7 km (6 miles) west of Bryan (Figure 9). 
This was the site of the Bryan Army Air Field, first constructed in early 1942 to be used as 
a World War II Air Force Instructor's School. With the outbreak of the Korean War in the 
early 1950's, the airfield was expanded. The concrete pads, where students would wait for 

* instructions to take off, were built at this time (Stocker 1988 ). 
87. Nordt (1983) mapped first, second, and third terrace surfaces at the Riverside 

Campus. The soils cored for this investigation most likely developed from first and second 

*Personal Communication, 1988, Jim Stocker, Riverside Campus, Texas A&M University, College Station, TX. 
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terrace parent materials. Soils in this area are classified according to the Brazos County 
Soil Survey (USDA 1951) as the Burleson clay, 0 to 1 percent slope. These are dark gray, 
slightly acid clay soils of moderate productivity that occur on the level terraces of the 
Brazos River. Their subsoil is a very slowly permeable, very dark gray, dense alkaline clay; 
their parent material is calcareous and clayey. The Burleson clays have no susceptibility to 
erosion and have imperfect to good drainage. These soils are classified as Vertisols which 
once were cropped (Nordt 1983). 

88. Levee site. The buried soil at this site is under a constructed levee on the west 
bank of the Brazos River in Burleson County, in land controlled by the Texas A&M 
Plantation Farm (Figure 10). The originally 2.4-m (8-ft) high Brazos River levee extends 
south for 48 km (30 miles) from the intersection of Highway 21 and Highway 50, and was 
built by contractors Roach & Stansell in 1910. In December 1913, the Brazos Bottoms 
experienced a terrible storm. The levee trapped water and broke, causing 180 deaths and 
over $8 million in damages. The citizens of Burleson County approved reconstruction 
bonds in 1914, and the levee was rebuilt between 1914 and 1916 (Burleson County 
Historical Society 1980). Surface deposits in this area are Quaternary alluvium, consisting 
of vertical and lateral accretionary deposits. 

89. Soils in this site are classified in the Ships-Weswood Association (USDA 
1979a). These soils are nearly level, deep, moderately alkaline, and loamy to clayey in 
texture. Developed from reddish to brownish stratified clayey alluvial sediments, slopes 
vary from less than 1 percent for Ships, to an extreme 8 percent for Weswood. The Ships 
soils have a dark reddish brown, moderately alkaline clayey surface soil, and a dark red, 
calcareous, moderately alkaline clayey subsoil. Ships soils are more developed than 
Weswood soils. 

90. TMPA site. These are soils buried by sections of an abandoned railroad right-
of-way on land controlled by the Texas Municipal Power Agency in Grimes County (Figure 
11). At the time the cores were collected, these segments of the right-of-way had not been 
disturbed by the mining operations. This railroad was built in 1906 and 1907 by the Trinity 
& Brazos Valley (later the Houston & Texas Central) Railroad Company from Mexia to 
Houston. The segment between Mexia to Milepost 79.22 (79\22 miles or 127.5 km) was 
completed in 1906. The second segment between Milepost 79.22 and Houston, a distance 
of 124.5 km (77.35 miles), was completed in 1907 (Zlatkovich 1981). Most of the work was 
done with mules and scrapers using convict labor. The railroad was closed in 1931 (Grimes 
County Historical Commission 1982). 

91. This site is located on sandy uplands. The underlying geologic units in this 
area are classified in the Eocene Manning Formation (Eicher 1985). This formation is 
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divided into the following eight members, listed from the bottom upwards: the Bedias, 
Keith, Carlos, Rock Lake, Tuttle, Gibbons Creek, Yuma, and Singleton. Total thickness of 
these deposits is approximately 233 m (800 ft). The railroad grade drilled at the TMPA 
mine is probably underlain by the lowermost section of the Gibbons Creek member. 

92. Soils in this area are classified in the Falba-Arriola-Arol Association (USDA 
1979b ). These are level to gently sloping, moderately deep, acid, loamy soils that occur on 
strongly sloping uplands and old terraces. Falba soils have brown fine sandy loam surfaces 
about 18 cm (7 in.) thick over grayish brown, strongly acid clayey subsoils that grade to 
tuffaceous material at about 82 cm (33 in.). Arriola soils have a pale brown fine sandy 
loam surface about 22.5 cm (9 in.) thick over red, mottled brown and yellow, strongly acid 
clayey subsoils that grade to tuffaceous material at approximately 95 cm (38 in.). Arol soils 
have dark grayish brown fine sandy loam surfaces approximately 15 cm (6 in.) thick over 
black, medium acid, clayey subsoils that grade to tuffaceous material at approximately 75 
cm (30 in.) deep (USDA 1979b ). The tuffaceous material corresponds to the same volcanic 
episode responsible for the ash beds and other pyroclastics of the Miocene Catahoula 
Formation. 

93. Chappell Hill site. The Chappell Hill site is on Mel Acres Ranches property, 
south on FM 1371 off US Highway 290, outside of Chappell Hill (Figure 12). This site is 
located on a section of the railroad right-of-way built by the Washington Company in 1859 
between Hempstead and Chappell Hill. The railroad was continued west in 1861 from 
Chappell Hill to Brenham, and in 1870 and 1871 from Brenham to Austin. The 
Washington Company became the Houston & Texas Central Railroad Company in 1869. 
This company in turn became the Texas & New Orleans in 1934, and was later acquired by 
the Southern Pacific in 1961. The Southern Pacific abandoned the stretch between 
Hempstead and Brenham in 1961and1962 (Zlatkovich 1981). 

94. The railroad grade at this site is underlain by clayey upland deposits of the 
Miocene Fleming Formation. The Fleming is mostly clay with some interbedded sandstone 
(Bureau of Economic Geology 1981). The clay is silty, commonly calcareous with 
calcareous concretions, and forms brownish-black soil. The sandstone is light yellowish 
gray to light gray, medium to coarse grained, calcareous, thick bedded, with some cross-
bedding. 

95. The soils at this site are classified in the Bleiblerville clay, 1 to 3 percent slopes 
series. The Bleiblerville soils are deep, calcareous, and moderately well drained. They 
form from clays and marl parent materials, and are found on nearly level to gently sloping 
uplands. The surface layer is typically black clay about 37.5 cm (15 in.) thick; the subsoil is 
a dark gray clay that extends to a depth of approximately 155 cm (62 in.). The underlying 
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layer, to a depth of 182.5 cm (73 in.), is a mottled gray to olive clay (USDA 1981a). 
96. An associated soil series to the Bleiblerville in this area is the Wilson clay loam, 

1 to 3 percent slopes. These soils occur on gently sloping terraces and uplands. The 
surface layer is typically dark gray clay loam, slightly acid and 10 cm ( 4 in.) thick. The 
subsoil grades from dark gray to light gray at the bottom. The underlying material is a 
white, moderately alkaline silty clay loam. The overall soil extends to an approximate 
depth of 150 cm (60 in.) (USDA 1981a). 

97. Beulah site. This site is reached by taking Highway 1 north from Greenville, 
Mississippi to the small town of Beulah in Bolivar County, then west and southwest on a 
gravel road that borders the Rock Levee and Lake Beulah. The site is approximately 500 
m (1,640 ft) south of the sharp bend in the levee (Figure 13). The levee, built before 1913 
by the US Army Corps of Engineers, covered parts of an extensive prehistoric village that 
dates to A.D. 200 to 700 (Weinstein 1987). The US Army Corps of Engineers is widening 
the landside levee berm at this site, and at least three midden areas are expected to be 
buried by the project. 

98. Archaeologists that prepared the preliminary environmental impact report of 
the Rock Levee site (site 22 BO 637) described the typical soil profile within the midden as 
follows: very dark grayish brown (lOYR 3/2) silty clay plow zone from 0 to 25 cm (0 to 10 
in.), black (lOYR 2/1) silty clay midden from 25 to 59 cm (10 to 23.6 in.), and dark brown 
(lOYR 3/3) silty clay subsoil from 59 to 75 cm (23.6 to 30 in.) (Weinstein 1987). The soils 
and geologic deposits at this site are characteristic of the Mississippi River floodplain 
where lateral accretion of deposits within broad meander loops dominates. 

99. Soils in the Beulah site are classified in the Commerce and Dundee soil series 
(USDA 1958). Commerce soils are fine-silty, mixed, thermic Aerie Fluvaquents with 0 to 5 
percent slopes. They have brownish silt loam surface layers, grayish silt loam subsoils, and 
grayish very fine sandy loam underlying layers. These soils have a very high available water 
capacity, and are somewhat poorly drained and non-acid. Dundee soils are fine-silty, 
mixed, thermic Aerie Ochraqualfs that developed from stratified loamy alluvium on low 
terraces. Slopes range from 0 to 8 percent. The surface layers are brownish loam; the 
upper subsoils are brownish clay loam; and the lower subsoils are grayish sandy clay loam. 
The underlying layers are grayish sandy clay loam. Dundee soils have high available water 
capacity, and are somewhat poorly drained and acid. 

100. The Rock Levee (herein called the Beulah site) provided a field example 
where an archaeological deposit has been buried by an engineering project. The levee is 
over 8.5 m (27.9 ft) high at the crest. Cores at this site were drilled next to two of the three 
midden areas within the right of way of the berm enlargement in an effort to sample 
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midden soil that would have been buried under the original Rock Levee (Figure 14). 
Cores were collected through the eastern side (landside) of t~e levee along two lines: three 
cores halfway up the embankment, where the fill is estimated to be 4 m (14 ft) thick; and 
six cores where the fill is approximately 0.6 m (2 ft) thick. Three cores were collected on 
the adjacent cropland in or next to the midden. 
Field investigation 

101. A detailed field investigation was conducted at the selected final sites. Five 
to six continuous (approximately 100 percent recovery) cores were collected at each site; 
two or three through the embankment fill, and three in nearby unburied soil. Most cores 
were collected with a split-spoon sampler in a hollow-stem auger using a hydraulic top-
drive drill rig belonging to the Center for Engineering Geosciences at Texas A&M 
University. Shelby tube coring was attempted on three occasions, but this procedure 
compacted the soil, destroyed the soil structure, and made it difficult to accurately describe 
it. The cores included·the entire fill section plus the buried soil to a depth where the C 
horizon was evident. Cores in unburied sites also included the entire soil profile. Each 
core was described in the field, wrapped in plastic, and stored in a 100-percent humidity 
room until analyzed in the laboratory. 

102. Each site was assigned a name, generally that of the owner of the property 
where cores were collected, or that of a nearby town or feature. Each core drilled was also 
assigned a name that consists of three parts: 

il· The name of the site. 

h. A number that refers to the number of cores drilled through unburied or 
buried soil at that site. 

£. A capital letter, A for cores drilled through unburied soil, B for cores 
drilled through the railroad grade or other fill material and through buried 
soil (for the Beulah site, where two lines of buried soils were cored, the 
letters Band BB were used to differentiate the two groups of buried soils). 

Core Navajo 1-A then refers to the first core drilled next to the railroad embankment 
(rather than through the embankment) at land owned by Navajo Limited, Inc. 

103. Each site was also surveyed with an engineer's level and measuring tape to 
determine the elevation of the embankment relative to the areas where the unburied soils 
were cored, and to measure the distance between holes. This procedure allowed an 
estimate of the thickness of the fill at each site. Figure 15 shows a scaled cross-sectional 
view of all embankments in this study. 
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Laboratory analyses 
104. Every soil sample collected was visually described and characterized using 

terminology from the Soil Survey Manual (USDA 1981b). Horizons were separated and 
described on the basis of texture, structure, consistence, color (in both dry and moist 
conditions), mottling, and presence of foreign bodies (including shells, twigs, and roots) 
(Olson 1976). Detailed soil descriptions can be found in Gonzalez (1989). All unburied 
and buried soils, and the soils that have developed from the fill materials, were classified 
taxonomically as shown in Table 1 (USDA 1987). 

105. Chemical analyses were performed for every horizon of the following cores: 
Levee 1-A and 1-B, and Navajo 1-A, 2-A, 3-A, and 1-B. The chemical analyses were 
performed by either Tania Gonzalez, using the facilities of the Soil Characterization 
Laboratory at Texas A&M University, or by the staff of the Soil Analytical Services, Inc., a 
commercial laboratory in College Station, TX. 

106. Soil samples were allowed to dry in a low temperature ( 40 °c) force-draft 
oven and crushed to pass a 2-mm sieve. Particle size distribution was determined using a 
combination of the pipette (for clays and silts) and dry sieving (sands) methods (Kilmer 
and Alexander 1949). Gypsum-rich samples were heated overnight to 105 °c to convert 
the gypsum to more easily dialyzed bassanite prior to the particle-size analysis (Rivers et al. 
1982). 

107. The following chemical analyses were performed according to procedures 
established by the USDA (1984) except where noted otherwise: reaction (pH) in a 1:1 
suspension, electrical conductivity also in a 1:1 suspension, cation exchange capacity, 
extractable bases (Ca, Mg, Na, and K), total carbon, and inorganic carbon. Both the cation 
exchange capacity and extractable bases analyses were done using the NH40Ac method, 
pH 7.0, and the automatic extractor described by Holmgren, Juve, and Geschwender (1977) 
or using a centrifuge tube (Chapman, 1965a and b ). The extracts were analyzed using 
atomic absorption spectroscopy. Total carbon and inorganic carbon were determined using 
a LECO 70-sec carbon analyzer and the C02 evolution, dry combustion method 
(Tabatabai and Bremner 1970). The organic carbon content was calculated as the 
difference between total carbon and carbon in inorganic carbonate (C03) (Allison 1965; 
Allison and Moodie 1965). Percent base saturation and exchangeable sodium percentage 
(ESP) for each horizon were then calculated from the measured extractable bases and 
cation exchange capacity. Select layers of the fill in Levee 1-B and Navajo 1-B were also 
analyzed chemically. Tables 2 and 3 show the results of the chemical and particle size 
analyses. 
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Discussion and Interpretation of Results 

108. Professor Retallack, V.P. Wright, and other pedologists have identified and 
mapped many paleosols of pre-Quaternary to Precambrian age (Wright 1986). To 
recognize buried soils in a sedimentary sequence, these paleopedologists look for 
distinctive and persistent characteristics in the material which suggest that it was once at 
the earth's surface and modified by pedogenic processes. Some of these characteristics, as 
recognized in the field include (though not always) oxidized colors, dark upper layers 
reminiscent of organic-rich horizons, lack of primary sedimentary structures, characteristic 
soil-like fabric, and casts, fossils, or root traces. 

109. Quite often, however, the identification of paleosols requires confirmation 
from laboratory analyses including down-profile changes in mineralogy and texture, 
parameters best observed in thin-section; and characteristic chemical ratios that suggest the 
pedogenic processes of leaching, eluviation, and illuviation have occurred. Jenkins (1985), 
for example, bases his interpretation of buried soils on their content of trace elements, 
carbonate, extractable Al, Fe, and P, and organic matter; the presence of fossils such as 
pollen, spores, beetles, snails, diatoms, and phytoliths; and the presence of kaolinite, 
gibbsite, or hematite if the soils are thought to have developed in temperate regions. 

110. Some of these paleopedologists have used either USDA or PAO-UNESCO 
(Food and Agricultural Organization - United Nations Education, Social, and Cultural 
Organization) terminology to classify pre-Quaternary paleosols to the order level and lower 
(Retallack 1983; Percival 1986). One could argue, therefore, that soils are not the 
ephemeral features they have been thought to be, and that in fact, if a 3.1-billion-year-old 
(Precambrian) paleosol can be recognized and classified taxonomically than soils do not 
change significantly as a result of burial (Retallack 1986). While it is apparent that many 
morphological features of paleosols withstand the effects of time and diagenesis, many 
other properties do change. The tentative taxonomic classification of these paleosols, as 
Retallack (1986) explains, is based on gross morphological characteristics, such as the 
presence of indicative horizons, rather than on percent base saturation and other diagnostic 
chemical and physical parameters that the USDA (1987) uses, largely because these 
diagnostic properties are presumed to have changed with time and as a result of burial. 
One of the purposes of this investigation was to evaluate which of these soil properties, 
physical and/ or chemical, do change shortly after burial, arbitrarily within the first 100 or 
so years, and if possible, to quantify the amount of change. 

111. A very important consideration in this discussion is the fact that the buried 
soils analyzed for this study were not covered by natural depositional processes, but rather 
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by human activities. As a result, many of the characteristics of these fills will be different 
than those of natural sediments. The effect these fills may have on the buried soils may 
also be different than the effect slowly deposited fluvial or aeolian sediments would have 
on naturally buried soils. In the case of the Navajo, Riverside, and Chappell Hill cores, the 
fill materials were imported and had significantly different properties than the native soils. 
While this made identification of the buried soils particularly easy (Figure 16), the 
chemical characteristics of these imported fills may also be so unlike that of the native soils 
that the chemical imprint on the buried soils may be quite significant with time. The 
compaction level of these fill materials will also be different than if naturally deposited, 
affecting, for example, percolation and leaching rates. Some of the results of this study may 
not be representative of changes in soils buried by natural processes, but the results can be 
very significant in understanding the effect of an engineered cover on an archaeological 
site. 
Correlation of buried and unburied soil horizons 

112. Shallow cores can be used to evaluate the continuity of a soil profile in the 
landscape in much the same way that geologists use boring logs to map and describe the 
lateral variability or continuity of a stratigraphic sequence in the earth's subsurface. The 
cores drilled for this study were compared to determine the occurrence of similar soil 
profiles throughout a site, and to determine whether unburied and buried soil profiles are 
visually similar. Where a "stratigraphic" correlation between horizons seems evident, the 
similar horizons have been connected with lines. The topographic position of each core 
relative to others in the same site has been shown in all figures, whenever possible. A thick 
line marks the boundary between fill and buried soil in the B cores. 

113. Most cores at each site were drilled less than 100 m (300 ft) from each other. 
Unless noted, the soils at each site will be assumed to have developed from the same 
parent material. If all other soil-forming factors but topography are similar, any lateral 
variations of the soil profiles can be attributed to differences in moisture, leaching, and 
erosion rates that result from lateral variations in topography and drainage. At .many sites 
this topography-soil relationship is a result of the embankme~t itself. 

114. The Navajo soil profiles, both unburied and buried, have predominantly 
loamy topsoils and clayey subsoils (Figure 17). The loamy upper horizons are thicker in the 
buried soils, suggesting that burial has protected these horizons from erosion. All cores 
have an illuvial Bt horizon that is relatively consistent in thickness. The soils in this site 
appear to be saturated periodically, as evidenced by gleyed horizons in cores 2A, lB, and 
3B. Although gleying occurs in core 2A, this attribute seems to occur preferentially in 
buried soil profiles with thick clay horizons. Rainwater and runoff trapped in the upslope 
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Figure 16. Navajo lB core showing the contact between fill (light-colored 
material) and buried soil (arrow). (The dark material above the 
arrow is believed to reflect mixing during the construction of the fill) 
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side of the embankment would maintain higher moisture contents within the buried soil 
horizons throughout the year, inducing gley characteristics. It is also possible that a 
capillary rise of the groundwater beneath the embankment results in wet, gleyed soil 
horizons. 

115. The Cunningham cores (Figure 18) correlate well between buried and 
unburied soils. These soils, like the Navajo, have loamy topsoils and clayey subsoils. The 
buried soils have thick upper horizons that were partly mixed with fill material during 
construction of the embankment. Albeit, the unburied soils have also been subject to sheet 
wash erosion with a resultant decrease in the thickness of the upper horizons. Efforts to 
curtail erosion at this site were evidenced by the faint, regularly spaced terraces observed in 
the pasture where the unburied samples were collected. Differences in the moisture 
regime of these soils are noted in the amount and depth to calcium-carbonate-rich 
horizons. The unburied soils have considerably more calcium carbonate concretions 
occurring closer to the surface than the buried soils. Although the buried soils appear to be 
more thoroughly leached than the unburied soils, the thickness of the illuvial horizons in 
both soil groups is relatively consistent. 

116. Construction of the airfield at the Riverside site mixed the soils making it 
possible to correlate only the deeper C horizons (Figure 19). The buried soils at this site 
are covered with a thin gravel veneer and in places, by a concrete slab. The buried soils 
also appear to have thicker sola than the unburied soils. 

117. The assumption of similar parent material does not hold in the Levee and 
Beulah sites due to the lateral variability characteristic of floodplain deposits. Deposition 
of sediments with each flood event can further complicate stratigraphic relationships, and 
sequences of buried soils are not uncommon. At the Levee site only two cores were drilled 
because of the uncertainty of lateral continuity in the soil profiles (Figure 20). The 
unburied lA soil cannot be correlated with the buried soil in lB, however, when the cores 
are positioned next to each other taking into account their relative topographic position, 
the buried horizons in lB match perfectly with the C4 and deeper horizons of core lA. 
The C4 horizon in Core lA appears to be the upper horizon of a buried soil (the chemistry 
data suggest so, too, organic carbon is higher in this and underlying horizons than in the C3 
and overlying layers; see Table 3). It is possible that the 114 cm (3.7 ft) of sediment on top 
of C4 has been deposited in the last 75 years by floods, or as a result of material eroding 
from the levee and redepositing on the floodplain. The many thin horizons in Core lA 
suggest several depositional episodes as expected from flooding, while the thicker, 
undifferentiated layers in the fill section of Core lB are best representative of what a 
constructed fill section would look like. Erosion of the embankment, with resultant 
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deposition of material downslope is very possible. Records (Burleson County Historical 
Society 1980) indicate that the Brazos River levee was 2.4 m (8 ft) high when first built; 
today it is only 1.4 m (5 ft) high at the levee site. The levee lA core is most likely a 
succession of alluvial depositional layers and thin buried soils that probably interfinger with 
material eroded from the embankment. 

118. The fill material at the TMP A site was excavated from pits adjacent to the 
embankment; therefore, the fill layers are, at first glance, very similar to the undisturbed 
natural soils. Identification of the buried soils was based on an apparent increase in 
organic content as evidenced by dark-colored horizons, and grain size and structural 
characteristics that suggested the horizons had previously been closer to the surface. 
Shallow groundwater was encountered in the B borings, and both the fill and the buried 
soil sections contained many gleyed horizons. This gleyed condition was not apparent in 
any of the unburied cores (Figure 21). Most horizons cannot be correlated with certainty at 
this site; however, most cores have loamy upper horizons over sandy-rich layers. These 
sandy horizons vary from 20 to 60 cm (8 to 24 in.) in thickness and occur in both buried and 
unburied soils. The upper horizons of the unburied cores may have been eroded. In this 
site the unburied soils have thicker sola than the buried soils. 

119. The buried and unburied soil profiles in the Chappell Hill site (Figure 22) are 
very similar, although the buried soils appear to have thicker sola than the unburied soils. 
The upper horizons in the buried soils are coarser grained than those in the unburied soils. 
Down-profile movement of particles from the very coarse-grained fill into the buried soil 
could be responsible for this change, yet mixing of the soil and the fill material during 
construction of the railroad embankment is a more likely possibility. 

120. The Beulah soils are predominantly clayey, while the fill layers include silty 
clay loams and clay loams (Figure 23). Most unburied cores at this site were drilled to a 
depth of 1.8 m (6 ft), and did not include the C horizons. Gleying occurs in most cores, 
buried and unburied. Ceramic shards, and pieces of bone and charcoal were encountered 
in many of the shallow-buried cores and in two of the unburied cores at an approximate 
depth of 1 m (40 in.). These archaeological remains consistently occur within a black to 
very dark brown, clay-rich horizon that was used to identify the fill/buried soil boundary in 
the cores. In core Beulah 7-BB, a layer containing ceramic shards and charcoal bits was 
encountered at a depth of 165 cm (66 in.), but due to the clean sand layers encountered 
underneath, the artifact-rich layer was interpreted to be part of the fill. No fill/buried soil 
boundary was identified in this core. 
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Taxonomic similarities and differences 
121. The buried and unburied soils in this study were classified taxonomically 

using the USDA (1987) terminology. Once classified, the buried and unburied soil 
classifications were compared to evaluate whether burial modified the buried soils 
sufficiently to be placed in a different category than unburied soils. As a general rule, 
buried and unburied soils in the same site share similar gross characteristics to be placed in 
the same taxonomic order. Many of the differences noted between buried and unburied 
soils, such as gleying, and color and thickness of the upper horizons, resulted in a different 
suborder, great group, and subgroup classification for buried soils. Although the USDA 
(1987) does not recognize mollic epipedons in buried soils, mollic epipedons were 
recognized in this study if a horizon met all the morphological requirements of a mollic 
epipedon and appeared to have formed at the surface prior to burial. 

122. The Navajo soils (both buried and unburied) are classified as Alfisols, which 
are well-developed soils with gray to brown surface horizons and an argillic horizon. Soils 
2A and 3A are wetter than lA. Soils 2A and 3A are classified in the same suborder, with 
similar mineralogy and particle size classes, and vertic properties. Soil 2A, however, has a 
bleached illuvial horizon, while 3A has a light-colored surface. All Navajo buried soils 
have wet profiles similar to those in 2A and 3A. The aquic moisture regime of these soils 
implies a reducing environment. The buried soils have darker (in both moist and dry 
states) upper horizons than the unburied soils. This dark col?r appears to be the result of 
the larger amounts of organic carbon present in the buried soils. 

123. The Cunningham cores are also classified as Alfisols. At this site, most soils, 
buried and unburied, were classified in the same order, suborder and great group. 
Paleustalfs are well-developed soils with a thick and dense argillic horizon that formed in a 
us tic (limited moisture) soil moisture regime. Soils lA and 2A have vertic characteristics in 
the subsoils, while soils 3A, lB, and 2B do not. 

124. Although the disturbance of the Riverside soils made the stratigraphic 
correlation of horizons difficult, these soils are very similar to each other taxonomically. 
All Riverside cores were classified as Alfisols, however, the buried soils appear to be wetter 
and more reduced than the unburied soils. Soils lB and 2B have light-colored surface 
horizons. 

125. The Levee soils vary signifi_cantly in their taxonomic classification. Levee lA 
is a Fluventic Ustochrept, an immature soil with characteristics very similar to those of the 
parent material, in this case, alluvium. The surface soil has a light-colored surface 
indicative of low organic matter content, and a ustic, or low moisture, soil regime. The 
Levee lB soil is classified as a Udorthentic Chromustert, a Vertisol with more than 30 
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percent clay in all horizons and with a light-colored surface. This soil has a moisture 
regime intermediate between ustic and udic, with a udic moisture regime being 
characteristic of humid climates with well-distributed rainfall. 

126. The TMPA soils are classified as either Alfisols or Mollisols. As in other 
sites, the buried TMP A soils have more characteristics of wetness and of a reducing soil 
environment than the unburied soils. Soils lA and 2A are classified as Alfisols, with clay-
enriched B horizons with clear A-B horizon boundaries. Soil 3A is classified as an 
Argialboll, a soil with both an albic and a well-developed argillic horizon. Argialbolls are 
characteristic of Mollisol regions that border on Alfisols (Buol, Hole, and McCracken 
1980). Soil 2B is also classified as a Mollisol with a distinct argillic horizon; however, this 
soil is wetter than 3A. 

127. The clay-rich, vertic-like soils of the Chappell Hill site are very similar 
taxonomically, regardless of whether they have been buried or not. Most.Chappell Hill 
cores are classified as Udic Pellusterts; fine, montmorillonitic. These soils belong to the 
order Vertisol because they have 30 percent or more clay in all horizons, and have cracks at 
least 1 cm (0.4 in.) wide at a depth of 50 cm during parts of most years. In addition, these 
soils have low chroma and a ustic soil moisture regime that borders on the udic. The soil 
moisture regime in Vertisols is an indication of how long the cracks remain open in most 
years. For these soils, the cracks in the soil remain open from 90 to 150 cumulative days in 
most years (USDA 198la). Soil lA is also classified as a Vertisol, but this core has a light-
colored upper horizon with a low amount of organic matter. 

128. The Beulah soils (both unburied and buried) are predominantly classified as 
Typic Argiaquolls. These soils have argillic horizons and characteristics of wetness that 
prevail throughout the soil profiles and reflect the local topography and geomorphic 
environment. Deeply buried lBB and 6BB soils, however, are classified as Alfisols because 
their upper horizons do not meet the thickness and color requirements of mollic epipedons. 
Although these deeply buried soils have gleying and other characteristics associated with 
wetness, these occurred only in the deeper horizons rather than in the complete soil 
profiles. 
Site variability 

129. Much of the variation between buried and unburied soils can be attributed to 
a change in topographic position of the soils as a result of burial. Prior to the construction 
of the embankment or levee, the to-be-buried soils and the neighboring soils were either at 
approximately the same elevation, or the to-be-buried soils actually occupied a lower 
topographic position. With burial, this relationship reversed, so that the unburied soil 
suddenly occupied a lower toe-slope position. The burial embankment also affects the 
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local drainage, trapping runoff and rainwater in the upslope side of the berm, or in any 
depressions along the sides of the embankment. The resultant changes in moisture, 
vegetation, leaching rates, and other microclimate conditions have the potential for 
inducing a new, changed soil environment that may eventually result in a changed buried 
soil. Burial also has the potential for raising the groundwater table under the 
embankment, and reducing the evapotranspiration rate of the buried soils. Both conditions 
would also increase the moisture of the buried soils. 

130. The relationship between neighboring buried and unburied soils is therefore 
similar in concept to that of a catena or toposequence, where a catena is used to describe 
soils of similar age and parent material that vary laterally due to variations in relief and 
drainage (Ruhe and Walker 1968; Steila 1976; Birkeland 1984). Soil properties along a 
catena are related to the position of the soil on a slope and the effect the slope has on 
drainage, vegetation, and erosion and leaching rates. 
Physical and morphological changes 

131. A select group of physical and morphological properties was used to describe 
each buried and unburied soil horizon in this study. These properties were analyzed 
statistically, as explained in the Methodology section, to determine any significant 
difference between buried and unburied soil horizons. The soils data were treated 
statistically in two different ways. In the first method, all soil horizons are considered in the 
analyses, and the results represent a comparison between buried and unburied horizons. 
Due to the design of this analysis, the results are biased toward the thicker horizons which 
generally occur at the bottom of the soil profiles. In the second method, only the upper 1 
m of the soils (herein called the sampling sections) are considered in the statistical 
analyses, and these upper horizons are treated as a percentage of the sampling section. 
The weighted horizons are summed together into an average soil value prior to the 
statistical calculations. This method provides for a comparison between the upper 1 m of 
the buried and unburied soils. Each site was analyzed individually using both methods 
described above. Details of the statistical analysis can be found in Gonzalez (1989). 

132. Once the buried and unburied soils of each site, were compared, all soil 
horizons described for this study were grouped into two categories, buried and unburied. A 
statistical analysis of these data was conducted to evaluate whether generalized statements 
about the effect of burial, regardless of site specific conditions, can be made. Figure 24 
shows the final statistical comparison for buried versus unburied soil horizons (the total 
section, TS, which includes all A to BC horizons in the soils), and for buried versus 
unburied sampling sections (SS, which represent the upper 1 m of the soils). Table 4 
summarizes the statistically significant differences observed between buried and unburied 
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Figure 24. Summary of selected physical and morphological soil properties that 
were found to be significantly different between buried and unburied 
soil horizons (TS) and between buried and unburied sampling sections 
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soil horizons. Figure 24 also summarizes the results of the statistical analysis of all buried 
and unburied soil horizons combined. 

133. Horizon thickness. Most buried soils in this study have thicker horizons and 
thicker sola than their unburied neighbors, although this difference was not statistically 
significant except in the Cunningham and Beulah sites, and when all horizons were 
combined (Figure 24). Buried soils at the Navajo, Cunningham, Riverside, and Chappell 
Hill sites have, on average, sola 12 cm (4.7 in.) thicker than the adjacent unburied soils. 
This can be attributed to a combination of the following factors: 

f!. The buried soils had thicker horizons prior to burial, probably due to an 
originally low topographic position. 

h. The upper horizons of the unburied soils have been subject to erosion. 

£. An increase in the moisture of the buried soils, due to either a raised 
perched ground-water table or trapped water in the upslope side of the 
embankment, has accelerated the pedogenic development of the lower 
horizons with a resultant increase m the thickness of the buried soil 
profiles. 

134. In the Navajo, Cunningham, Riverside, and Chappell Hill sites, buried soils 
also have thicker illuvial horizons than adjacent unburied soils. This is either a pre-burial 
condition, or the end result of the post-burial increase in moisture observed in buried soils. 
If the buried soils were in a topographically low position prior to burial, movement of soil 
and water downslope would account for thicker illuvial horizons and overall thicker soil 
profiles than the adjacent soils upslope. The raised embankments have also protected the 
underlying buried soils from the erosional processes that have acted on adjacent unburied 
soils. This explains why most unburied soils have thinner epipedons than the buried soils. 

135. Continued pedogenic development of unburied soils, with concurrent 
horizonation, accounts for the larger number of horizons per core noticed in the unburied 
soils. Many unburied cores have two or more thin upper horizons, the result of farming 
practices and preferential accumulation of organic matter in the upper layers, while most 
buried soils have only one thick A horizon. Continued development and a change in the 
topographic position of the unburied soils, however, have not yet resulted in a thickening of 
the unburied soil profiles, unless there has been an increased amount of cumulization 
(accumulation of organic matter in the upper soil horizons) such as that which has occurred 
in the Levee and TMPA sites. 

136. Color. Red oxidized layers in a stratigraphic sequence generally suggest 
continental deposits with associated paleosols. The actual paleosols however, may be dark 
in color, their exact hue and chroma determined by the amount of organics that remain in 
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the deposits. Gerasimov (1971), for example, suggests that most buried soils eventually 
turn brown in color, due to complete mineralization of the organic matter as a result of 
burial. In comparing buried and unburied soils, however, the unburied soils will be redder 
and lighter in color than the buried soils. This is so because the unburied .soils, being closer 
to the surface and acted upon continuously by pedogenic processes, have continued to 
weather, with resultant redder hues (Harden 1982). Tropical soils subject to intense 
weathering and leaching, for example, have red hues and high values. The effect of 
weathering on the color of the soils, however, is not expected to be significant within the 
time frame considered herein. 

137. Overall, the buried soil horizons and the upper 1 m of the buried soils 
analyzed show slightly yellower hues and darker values than that of unburied soils. Buried 
soil horizons also have, on average, lower chromas than the unburied soils, although this 
difference in chroma was not significant at the 90-percent confidence interval due to the 
large within-sample variation. On a site-specific case, the Navajo, Cunningham, and 
Riverside buried horizons have significantly lower chromas. In the Cunningham site, the 
upper 1 m of the buried soils were also significantly darker. These changes are most likely 
associated with the wetter, organic-rich burial environment. In the Chappell Hill site, dark 
chromas may also be accounted for by leaching of carbon compounds (left behind by the 
trains) into the buried soils. This explanation, however, does not hold for the Navajo site, 
where chemical analysis of the fill does not show any significant concentration of carbon 
compounds. The dark chromas of the Navajo site, instead, are reminiscent of waterlogged 
soils commonly found in river deltas. Levee, TMP A, and Beulah buried soil horizons had 
slightly higher chromas than adjacent unburied soils; however, these differences were not 
statistically significant. Soils buried under the seasonal influence of the groundwater table 
were expected to show gleization (yellow to blue hues due to the reduction or leaching of 
iron in poorly drained soils). Bluer hues were observed in many of the deeper, wet 
horizons in the Navajo, TMPA, and Beulah sites. 

138. The terrace deposits that comprise the C horizon at the Riverside site are 
characteristically red in color. As a result of the airfield construction, large blocks of this 
red, sandy material were mixed with the soil, giving a false overall redder hue for the 
buried soil horizons analyzed. The results of this site do not appear to be representative of 
buried soils in general. 

139. Texture. In this study, the buried and unburied soil horizons have very 
similar average texture. A statistically significant change in the particle size distribution of 
buried soils was thought to be dependant on the particle size distribution properties of the 
fill. This is most obvious at a site such as TMP A, where relatively coarse-grained soils are 
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covered by a relatively fine-grained fill. Translocation of the fine-grained particles into the 
soil would eventually yield a finer textured soil. At most sites studied, however, fine-
grained soils were covered with coarser textured fills. 

140. The Riverside and Chappell Hill buried soils, for example, were topped by 
very coarse-grained fills. Although the upper buried horizons have coarser textures than 
similar horizons in the unburied soils, this difference is not statistically significant. 
Movement of the relatively coarser fill particles into the buried soils is not expected to be 
significant, unless the fill and soils were mixed during construction of the embankments, or 
gravels were displaced downwards into the buried soils through dessication cracks common 
in many of these Vertisols and subsoils of vertic intergrades. 

141. Statistically significant differences in the particle size distribution of buried 
and unburied soil horizons were determined for the Levee and Beulah sites. These 
differences in texture appear to be restricted to the lower soil horizons. The buried 
horizons at these sites were generally coarser textured than adjacent unburied soils. These 
differences in texture are most likely remnants of the parent alluvium grain-size 
distributions rather than the result of a diagenetic change in the buried soils. It is possible 
that the buried soils developed from coarse point bar deposit~, while the fill materials and 
the unburied soils are best representative of fine-grained flood deposits. 

142. Structure. Buried soil horizons in this study consistently showed coarser 
structures than unburied horizons, although this difference was only statistically significant 
at the Riverside, Levee, and Chappell Hill sites, and when all buried and unburied horizons 
were compared. Coarser structures were also observed in the upper 1 m of the buried 
Riverside cores, although these core results are probably reflecting the displacement of soil 
blocks from deeper horizons into the upper 1 m of the soil. Coarser structures were 
predicted from the work by White (1966), where increasing shear forces at depth create 
fewer but larger planes of weakness in the soil horizons. The buried soils studied also have 
six times as many structureless horizons as the unburied soils (8.6 to 1.3 percent, 
respectively). Over 50 percent of the structureless horizons observed in the buried soils are 
associated with saturated conditions. Buried Navajo, TMPA, and Beulah soils are 
saturated periodically, as observed in the field and confirmed by mottling with chromas of 2 
or less. 

143. Mottling. Buried soils, whether only the upper 1 m or all horizons are 
considered, have 60 percent more mottles than unburied soilS. An increased number of 
mottles was statistically significant at the Navajo, TMPA, Chappell Hill and Beulah sites, 
and when all sites were combined. The presence of mottles suggests that many of the 
buried soils are partially saturated during certain times of the year. The only two sites 
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where the buried soils did not have more mottles than the unburied soils are Riverside and 
Cunningham. Riverside buried soils are well aerated (due to the coarse-grained fill) and 
buried so shallowly that no increase in mottles would be expected. The mottles observed in 
the unburied Cunningham soils were mostly red in color, and probably result from 
oxidation of pyrite common in the parent material. Increased moisture in the buried soils 
at this site would decrease the oxidation rate of the pyrite and result in fewer mottles. 

144. Paleogley features in buried soils have repeatedly been reported in the 
literature (Doormar and Lutwick 1983; Jenkins 1985; Gerasimov 1971). The increased 
moisture content of the buried soil as a result of a raised or perched groundwater table is 
associated with an increased degree of preservation of the organics contained in the soils. 
Paleogleying also appears to be one of the first buried soil attributes to develop as a result 
of burial. 

145. Calcium carbonate concretions. Pedogenic calcium carbonate does not occur 
in all sites analyzed, primarily due to the pH and moisture conditions of the soils. At those 
sites where pedogenic calcium carbonate does occur, however, unburied soils contain twice 
as many calcium carbonate concretions and filaments as buried soils. This difference is 
statistically significant in the Cunningham and Riverside sites, and when all soils were 
combined. The decrease in calcium carbonate appears to be associated with the moisture 
regime of the soils. Most buried soils analyzed are wetter than their unburied neighbors; 
many are saturated during parts of the year and therefore classified as having an aquic 
moisture regime. Thorough leaching of these soils removes almost all carbonates and salts 
from the system. Reducing conditions, generally associated with low pH values, also hinder 
the precipitation of calcium carbonate. In soils developed from calcium carbonate-rich 
parent materials, such as those in Chappell Hill, pedogenic precipitation of calcium 
carbonate in the soil will be affected by the conditions discussed above. Large amounts of 
buried organic matter, enough to affect the pH of the buried soil, can also affect the 
precipitation of carbonate. If the pH is 7 or less, pedogenic calcium carbonate is not 
expected to precipitate in the soil. 

146. In areas where calcium carbonate is not present in the parent material, but 
rather introduced in the area as dust particles, calcium carbonate is known to precipitate 
within a specified depth range in soils as controlled by the partial pressure of carbon 
dioxide, pH, ion concentration, evapotranspiration, and most importantly, the effective 
depth of leaching of the soil by rainwater (Yaalon 1971; Birkeland 1984). Assuming all 
other conditions remain equal, placement of an embankment will limit the percolation 
depth of rainwater into the buried soil. This will result in the formation of a new calcium 
carbonate-rich horizon higher in the soil profile, at the bottom of the newly developed 
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wetting front. With time, the fill/buried soil system will have two calcic horizons, the 
original calcic horizon, which had developed in the soil prior to burial, and a new calcic 
horizon higher up in the soil, or perhaps even in the fill section. 

147. Summary of morphological and physical changes. At-test analysis of select 
morphological and physical properties of the horizons of 43 cores suggests that buried soils 
are affected by the burial environment. Buried soils were determined to be significantly 
different from unburied soils as follows: 

f!. Thicker surface horizons and thicker soil profiles. 
h. Yellower hues, lower values and lower chromas. 
~. Coarser structure. 
Q.. Less calcium carbonate concretions. 
~. More mottles. 

Chemical Changes 
148. The chemical analyses of buried and unburied soils completed in this study 

were limited in scope to four Navajo and two Levee soils. Given the small size of the 
statistical samples, the chemical differences observed are only meant to serve as guidelines 
for future study of buried and unburied soils. A more thorough research program designed 
to evaluate whether significant chemical differences exist between buried and unburied 
soils is necessary to check the validity of the preliminary results presented herein. 

149. Given the variability in chemical properties from horizon to horizon within 
the same soil, only the Bt and BC horizons of Navajo 2A, 3A, and lB were compared (see 
Tables 2 and 3). The illuvial horizons in these cores appear to be very similar physically, 
therefore, it was felt that a statistical analysis limited to these horizons would be most 
meaningful. Although chemical data were obtained for Navajo lA, this soil differs in 
mineralogy, texture, and degree of wetness to other Navajo soils. Figure 25 shows the 
statistically significant chemical differences observed between buried and unburied illuvial 
horizons analyzed in this study. 

150. Soil reaction (pH). The decay or preservation of archaeological components 
is often dependant on the pH of the surrounding soil matrix. Ideally, placement of an 
alkaline or acid fill would, with time, result in a change in the pH of the underlying soil 
(Figure 26) (Hallmark and Wilding 1989). An effective burial embankment could then be 
designed to impart on the soil matrix a distinct set of characteristics that enhance the 
preservation of the site-specific archaeological components (Mathewson 1989b ). 

151. The Navajo soils in this study were particularly suited to test the effectiveness 
of a calcareous overburden in changing the pH of a slightly acid soil. The results indicated 
that the average pH of the illuvial horizons in the Navajo lB core is approximately 1.5 pH 
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units higher than that of tJ:le unburied soils. This difference is statistically significant. The 
increase in pH can be attributed to leaching of high base compounds from the 
predominantly alkaline fill into the buried illuvial horizons; however, other reactions that 
would have been expected to accompany the increase in pH, including an increase in base 
saturation and cation excvange capacity, did not occur. The upper horizons of the buried 
Navajo lB core remained acidic, apparently due to the buffering effect of organic acids 
contained in these horizoflS. It is also possible that leaching processes at the Navajo site 
are effective in translocating most basic species through the coarse-grained upper horizons, 
and into the clay-rich illuvial horizons below. 

152. Electrical conductivity. The electrical conductivity of the buried and unburied 
horizons analyzed did not differ significantly, although the unburied soils appear to have 
higher electrical conductivities, particularly in their lower horizons. Details of the 
variations in chemical properties can be found in Gonzalez (1989). This increase in 
electrical conductivity with depth appears to be associated with the amount of extractable 
sodium and other positively charged ions present in the soil solution. If the buried soils are 
being leached preferentially in the lower horizons by a seasonally raised ground-water 
table, this would account for the difference in electrical conductivities noted. More 
research is needed to conclusively explain this. 

153. Extractable bases. The amount of extractable calcium, magnesium, sodium, 
and potassium was measured for each horizon. In the illuvial horizons compared, there 
was no statistically significant difference between buried and unburied soils for calcium, 
magnesium, and sodium. Potassium, however, appears to be significantly lower in the 
buried soils. 

154. Most of the potassium in the soil is in a non-exchangeable form, fixed within 
the crystal lattice of clay minerals and other silicates. Release of potassium into the soil 
solution is controlled by several soil factors, including pH, presence of other cations, clay 
mineralogy, and moisture parameters (Brady 1984). Potassium deficiency has been noted 
in soils rich in c<tlcium carbonate and having a high pH. The significantly lower 
concentration of potassium in the buried soils at the Navajo site appears to be associated 
with the rise in pH that resulted from chemical imprinting of the fill material on the buried 
soil horizons. Alternate wetting and drying, known to occur at the Navajo site because of 
the gleyed character of the buried soils, has also been shown to result in the fixation of 
potassium in non-exchangeable forms (Brady 1984). 

155. Exchangeable sodium percentage (ESP). The ESP of illuvial buried and 
unburied soil horizons did not differ significantly in the soils studied. Many of the Navajo 
horizons, however, have sodium ions representing 15 percent or more of the cation 
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exchange capacity. This condition appears to be most prevalent in the unburied soils. 
Although the soils have a high percentage of exchangeable sodium, their pH is generally 
below 8.5, and in most cases below 7, and their electrical conductivity is in most cases less 
than 4 decisiemens per metre (dS/m). This suggests that neutral soluble salts predominate 
in the soil solution of these soils. 

156. Gypsum. Gypsum in the Navajo and TMPA soils was either observed 
directly, as white or mostly transparent crystals along fracture planes in the soil, or inferred 
from the chemical and particle size distribution analyses. Gypsum in these soils forms as a 
weathering product of pyrite which is common in the parent material, and occurs 
preferentially in the deeper B and BC horizons. Crystals were more often observed in the 
unburied, drier soils. Although the wetter conditions appear to limit the size of the gypsum 
crystals, the chemical analyses suggest that the moist conditions that develop in the buried 
soils at the Navajo site do not significantly remove the gypsum from the soil. In addition, 
gypsum does not appear to reprecipitate at other depths in the soil (Figure 27). 

157. Cation exchange capacity. No statistically significant difference was observed 
in the cation exchange capacity of the illuvial horizons in buried and unburied soils. Cation 
exchange capacity is an indirect measure of the humus content and amounts and kinds of 
clay minerals present in the soil. It can therefore be inferred from the data that burial of 
the Navajo lB soil has not resulted in a significant change in mineralogy. 

158. Base saturation. Although there was a significant difference in the pH of the 
illuvial buried and unburied soil horizons analyzed, there was no significant difference 
observed in the percent base saturation for the same horizons. Because the Navajo 
horizons are generally oversaturated with bases, downward percolation of bases from the 
fill material will not have a further effect on the already high base saturation of these soils. 
Base saturation is one of the properties generally assumed to change rapidly as a result of 
burial, however, this possibility could not be tested satisfactorily at the Navajo site. 

159. Organic carbon. The illuvial buried horizons analyzed for organic carbon 
had, on average, three times more organic carbon than the illuvial horizons of the unburied 
soils. It appears that organic carbon is preserved in the burial environment preferentially, 
most likely as a result of the waterlogged conditions observed to occur in the Navajo soils. 
It is also likely that tillage and pasturing of the site have resulted in a decreased amount of 
organic matter in the unburied soils. A large concentration of organic carbon was also 
observed in the buried horizons of the Levee lA and lB cores. 

160. Organic carbon is expected to decrease in soils where oxidizing reactions 
predominate. Much of the organic matter in these soils is consumed by organisms, or in 
agricultural soils, as a result of tillage and planting. In waterlogged soils, however, organic 
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carbon may or may not be oxidized by non-photosynthetic organisms. Stevenson (1969) has 
reported an increase in the polymerization of carbon molecules with burial. In this process, 
organic molecules combine to form increasingly stable macromolecules. The electrical 
bonding of these organic molecules to clay particles also promotes the preservation of 
organic matter. 

161. .lnillganic and total carbon. No statistically significant difference in inorganic 
carbon was observed between the buried and unburied illuvial soil horizons. The inorganic 
carbon content of these soils, however, appears to be incorrect because inorganic carbon 
generally does not occur in soils with neutral to acid pH. In this investigation, organic 
carbon was determined as the difference between total carbon and inorganic carbon. 
Assuming that these horizons have no inorganic carbon, the total carbon results would be 
best representative of the organic carbon concentration. The statistical analysis of total 
carbon contained in the illuvial horizons still indicates, however, that the buried soil has 
significantly more organic carbon than the unburied soils. 

162. Summary of chemical changes. The chemical and statistical analyses of eight 
illuvial horizons (three of Navajo 2A, three of Navajo 3A, and two of Navajo lB) suggest 
that burial of a soil under an alkaline fill can result in an increase in pH in the buried soil. 
The results also suggest that organic carbon is preserved preferentially in buried 
environments, particularly if waterlogged conditions prevail. A decrease in potassium was 
obs'erved in the buried soil horizons. This potassium deficiency may be associated with the 
increase in pH observed, and also as a result of alternate wetting and drying fixing the 
potassium into non-exchangeable forms. 
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PART IV: ARCHAEOLOGICAL MATERIALS TESTING 

Previous Work 

163. Limited research has been carried out to determine the relationship between 
the stresses effected by the overlying soil and damage to archaeological materials. In 1981, 
the California Department of Transportation (Caltrans) conducted a study on the effects of 
burial on an engineered archaeological site (Garfinkel, Lister, and Boost 1983). Gross 
morphological changes occurred in materials buried under 22.8 m (75 ft) of embankment 
fill for 2 years. Organic objects, including shells, bones, and charcoal sticks, suffered the 
most damage by breaking or bending due to compaction of the fill. 

164. The Texas Eastern Gas Pipeline Company retained Battelle to carry out an 
analysis and to test in the laboratory the effects of compaction on archaeological materials 
(Olson, Guerrieri, and Jones 1988). This study was the result of concerns expressed about 
the potential impacts of pipe-laying equipment across the Kauffman II archaeological site 
in Chester County, PA. Battelle considered five scenarios in their analysis, which relied on 
a finite element computer program that calculates vertical soil stresses. The scenarios 
considered were: 

il· A side boom in a pipe-laying configuration not supported by mats. 

h. A side boom in a pipe-laying configuration suppor~ed by a 25-ft-wide 
timber mat. 

~· A side boom in a travelling configuration in the center of a 25-ft-wide mat. 

Q. A pickup truck parked on the ground. 

~. A man standing on the ground. 
The results of Battelle's analytical analyses are shown in Figure 28. 

165. In addition, Battelle completed two different laboratory test programs. In the 
first test, modern pottery samples were buried in soil that had been placed in a 61-cm (24-
in.) diam steel pipe. A 130-kip (578-KN) universal tension-compression machine was used 
to compress the soil and subject the pottery to stresses. The pottery cracked at soil 
pressures that ranged from 7.6 psi (52.4 Kpa) for a straight-sided pot filled with soil, to 15.6 
psi (107.6 Kpa) for a rounded pot filled with cotton (Olson, Guerrieri, and Jones 1988). In 
the second test, both manufactured and natural materials were placed in a pit excavated in 
soil in a 122-cm ( 48-in.) diam steel pipe. The soil and "artifacts" were loaded using a 
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1,000-kip ( 4,448.2-KN) universal tension-compression machine. None of the materials 
were damaged as a result of this experiment. In fact, unearthing the materials in the pit 
after completing the test caused more damage to the "artifacts" than the actual loading 
experiment did (Olson 1989; Skinner 1989). 

Methodologj'. 

Laboratory experiments 
166. A non-quantitative series of laboratory experiments were conducted to 

evaluate the breakage of archaeological materials buried in a sandy loam soil (a fine sand, 
using the Unified Soil Classification System). The three-point beam experiment, which 
used a 1,500-lb (6,672-N) compression device, was conducted to determine the breaking 
strength of both aboriginal and modern pottery sherds. It was determined from these 
experiments that about 80 percent of the variation in the breaking strength of pottery is a 
function of the thickness of the sherd, provided that the ceramic sherds are made of the 
same material and are made using the same technique. Modern, handmade pottery vessels 
Were also subjected to compressive loads in a sandbox compression device. This 
experiment provided data on the effects of artifact orientation and artifact interaction on 
damage to artifacts as a result of burial. 

167. The modern pottery sherds were subjected to a compressive load in a 46-cm 
(18-in.) square plywood box. Plywood siding was used to relieve side stresses, as the box 
Was able to deform laterally when the sand was loaded. The pottery vessels were placed, in 
various arrangements, 5 to 20 cm (2 to 8 in.) below the top of the sandy loam and loaded 
With a 25-ton (222.4-KN) hydraulic press. A total of 20 tests were completed. 
Eield experiments 

168. Twelve test pits, 1 m (3 ft) wide, 3.6 m (12 ft) long and 1 m (3 ft) deep were 
excavated at the Texas Engineering Extension Service, Heavy Equipment Training School 
site in Brazos County, Texas. Eight of the pits were excavated, in pairs, along a 
construction road, four pits in each lane of traffic (Figure 29). Different backfill material 
Was used in each lane of pits; one lane was backfilled with fine sand, the other with silty 
loam. The other 4 pits were used as controls. Each pair of test pits was assigned a pit 
number, and individual pits were identified by the pit number followed by the backfill type. 
Thus, Pit 1-S refers to the sand-filled pit in pair 1 and Pit 1-L refers to the loam-filled pit in 
pair 1. Each pair of pits was also covered with a different type of protection method, as 
listed below: 
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Pit Number Protection Method 

1 Unprotected 
2 6-in.-thick board road 
3 18-in. soil cover 
4 36-in. soil cover 
lC Unprotected control 
4C 36-m. soil cover control 

169. An "archaeological site" was constructed in each test pit by burying 10-cm ( 4-
in.) and 15-cm (6-in.) wide clay flowerpots, artist charcoal sticks, 76-cm (30-in.) long glass 
rods, and one 76-cm (30-in.) long strip of sheet metal. To minimize differences that may 
result from the firing and treatment techniques, all flowerpots were selected from the same 
manufacturer's production batch. Test sherds cut from selected pots were tested in the 
laboratory using the same three-point beam test procedure described above. In addition, 
selected pots were loaded in the laboratory compression sandbox, also following the 
procedure described before. These laboratory tests indicated that the flowerpots behaved 
in a similar manner to the aboriginal and modern sherds and pots that had been tested in 
the laboratory. 

170. The test artifacts were placed in the pits and buried approximately 91, 61, and 
30 cm (36, 24, and 12 in.) below the ground surface. The pots were arranged in cells as 
follows: the 15-cm (6-in.) wide pot was placed on its side in the center, suggesting a "skull"; 
two 10-cm (4-in.) wide pots, one on its side and one inverted on a 15 cm (6 in.) tray, were 
placed on one side, suggesting a "cooking" arrangement; and two 10-cm (4-in.) wide pots set 
upright, one filled with soil, and one empty and covered with a 10 cm (4 in.) lid, were 
placed on the other side of the "skull", suggesting a "burial" arrangement (Figure 30). Each 
cell was replicated four times in each pit, with the arrangement of the pots rotated 90 
degrees relative to the previous cell. The cells were designated A, B, C, and D (Figure 31). 
Each pot was color coded on both the outside and inside to facilitate the post-excavation 
analysis of the damage resulting from construction loading. The color on the outside of the 
Pots and charcoal sticks varied according to the depth at which they had been buried. The 
color on the inside of the pot identified the orientation, and therefore, "use arrangement" 
of the pot. 

171. The test artifacts were placed by hand in each cell, photographed, and then 
buried, also by hand, using either the sand or silty loam matrix material. After each burial 
layer was completed, the pit was flooded with water and hand vibrated, using a wooden 
tamper, to consolidate the matrix material. Each layer was allowed to drain before the 
next layer was placed and compacted. The "archaeological sites" were allowed to settle 
naturally for about 3 weeks before the Texas Department of Highways Heavy Construction 
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Figure 30. Photograph of the arrangement of the test artifacts in each trench 
(note the replicates A-D) 
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Figure 31. Organization of each test cell (a = glass rod to determine differential 
settlement, b = 10 cm ( 4") pot on side, c = 10 cm ( 4") pot inverted in 
a 15 cm ( 6") tray, d = artists charcoal stick, e = 15 cm ( 6") pot on side, 
f = 10 cm ( 4") upright pot filled, g = 10 cm ( 4") empty upright pot 
with lid). Pots b and c represent household arrangement; e a skull, 
and f and g burial pots 
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School classes started. All the Heavy Equipment Construction School students were 
experienced heavy equipment operators. Each test pit was refilled and leveled before the 
protective covers were constructed. 

172. The 6 in. (15 cm) board road placed over pit pair 2 consisted of three crossed 
layers of 2 by 12 lumber. The 46-cm (18-in.) and 91-cm (36-in.) soil covers over pit pairs 3 
and 4, respectively, were constructed by the students in the heavy equipment class, using a 
locally-available clay. The clay was placed using a front-end loader so that the sites were 
covered without driving directly on them. A motor grader with the blade extended to the 
side was then used to spread the cover material over the pits. An access ramp was built, 
that connected the covered pits, so that vehicular traffic could use the road. A total of 
1,300 vehicle-axle passes which were made on this road, including loaded and unloaded 
scrapers, dozers, pickup trucks, a crew bus, rubber-tire front-end loaders, tractor backhoes , 
and motor graders. The road was periodically maintained, using a motor grader and low 
spots were refilled to keep the road at desired grade. 

173. When the heavy equipment school finished this course, the test sites were 
excavated by experienced field archaeologists from the Department of Anthropology at 
Texas A&M University. The soil cover was removed from the test pits using a backhoe 
sitting to the side of the trench to prevent equipment loading of the sites. Once the cover 
material was removed to grade level, a trench was excavated between each pair of test pits 
to provide better access for the archaeologists. All site excavation was done using hand 
tools, and following accepted archaeological excavation procedures. Each layer exposed 
was photographed prior to removal of the test artifacts. Every excavated artifact was 
placed in an identified plastic storage bag and transported to the laboratory for further 
analysis. 

174. In the laboratory, each bag was opened, the artifacts were washed, sorted, 
and photographed, and the number of pieces counted. A numerical scale, given below, was 
devised to evaluate and classify the damage (breakage) to the artifacts. 

Classification 

0 
1 
2+ 

Damage/Breakage 

Intact, unfractured 
Intact but fractured 
Total number of pieces 

Every pot was classified for damage according to the scale given above. Because every 
layer consisted of four replicate cells, an average damage value was calculated for every 
group of four pots buried in the same configuration. The resulting database was then used 
to evaluate the damage (the dependent variable) as a function of burial depth, pot 
orientation, matrix type, and protective covering. 
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Discussion and Interpretation of Results 

Laboratory sand box experiments 
175. Twenty different arrangements of archaeological materials were placed in the 

sandbox and subjected to vertical compressive stresses that ranged from about 7 to 30 psi 
(48 to 207 Kpa). Total settlement of the compression plate, measured as the displacement 
of the hydraulic shaft, was recorded to indicate the total strain at the surface of the test box. 
The test arrangements included a single bowl, and a series of modern ceramic sherds. 
These initial tests were conducted to determine the loading conditions that result in 
fracturing of the test materials. 

176. The laboratory experiments conducted for this study indicated that clay pots 
and ceramic sherds approximately 5.8 mm (0.23 in.) thick, and buried no deeper than 24.9 
cm (9.8 in.) will fracture under a surface load of approximately 30 psi (207 Kpa). General 
conclusions that can be drawn from these laboratory tests include: 

£. Thin-walled pottery will fracture more readily than thick-walled pottery. 

h. Pottery oriented horizontally will break more frequently than pots 
standing vertically. 

~. Rapid loading tends to cause more damage than slow loading . 

.Q.. Pottery in contact ~ith dense materials, or in contact with other pottery is 
more susceptible to failure than isolated pottery. 

~. The controlling factor appears to be related to the total strain 
(displacement) rather than total stress. 

f. Weaker, but more brittle, charcoal sticks tend to fracture more readily 
than the stronger, but more ductile, pottery sherds. 

Eull scale field tests 
177. The results of the field tests are given in Tables 5 and 6. The charcoal sticks 

Were generally uncovered intact, but deformed. The glass rods buried at shallow depths in 
unprotected pits were broken in as many as five pieces, while rods buried at deeper depths 
and in the control pits were intact or broken into only two pieces. The 3-ft-depth layer was 
not excavated in the sand-filled pit protected by the board road because no damage was 
detected in any of the test artifacts in the 2-ft-depth layer. 

178. Damage of the flowerpots and trays due to surface compressive loading 
indicates that depth of burial has a direct controlling effect on the amount of breakage. 
The amount of damage to the test pots drops off rapidly with 'increasing depth of burial, 
except in a few rare cases. For example, the average damage value for 15-cm (6-in.) diam 
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pots lying on their side is 28 at a depth of 30 cm (1 ft); 23 at a depth of 61 cm (2 ft), and 12 
at a depth of 91 cm (3 ft). These values are for an unprotected site with a silty loam matrix. 

179. Breakage of the test artifacts appears to be a function of both their size and 
orientation. The 15-cm (6-in.) diam pots lying on their side experienced more damage than 
similar 10-cm (4-in.) diam pots (Figures 32 and 33). Pots lying on their sides were more 
susceptible to breakage because these pots carried the entire vertical load rather than 
transferring the load onto the matrix material. Pots placed vertically, either open upwards 
or inverted, transferred the load onto the underlying matrix material by penetrating or 
displacing the matrix soil. These pots, therefore, experienced less breakage than all other 
configurations. Covered pots also transferred part of the load onto the underlying matrix 
material. However, both the pots and capping lids fractured. The 15-cm (6-in.) wide trays 
under the inverted 10-cm (4-in.) wide pots frequently broke because the trays were not able 
to penetrate into the supporting matrix. In many cases, the overlying pots punched a 
circular hole into the underlying trays. The 10-cm (4-in.) wide upright pots filled with 
matrix material were least damaged. 

180. On average, pots buried in the more compressible silty loam matrix were 
damaged more than pots buried in the fine sand matrix. Glass rods buried in silty loam 
always showed a greater damage value than rods buried in sand, indicating a greater 
differential movement within the silty loam material. Compressibility of the matrix appears 
to be a significant factor in the amount of artifact breakage, both in the test pits studied 
herein, and in natural burial mounds. This relationship between artifact damage and 
matrix material as a function of depth is shown in Figure 34. 

181. Unprotected sites had the highest amount of pot damage in all cases. The 
constructed board road, which spread the load exerted by the heavy construction 
equipment over a wider area, provided the best protection against damage. Some pot 
breakage resulted from construction of the 91-cm (36-in.) deep soil cover due to 
compression and differential settlement within the pit in response to loading by the 
protective cover (Figure 35). In some cases, more damage resulted from building the 91-
cm (36-in.) deep soil cover, than from the combined loading by the cover and the passing 
vehicles. In general, damage to artifacts was greater in sites protected by a 46-cm (18-in.) 
soil cover, than in sites with 91-cm (36-in.) deep covers (Figure 36). Figures 37 and 38 
show the breakage distribution of the 15-cm (6-in.) wide pots lying on their side in silty 
loam pits, and in sand test pits, respectively. 

182. The field experiments indicate that the breakage of archaeological materials 
is controlled by a combination of the following variables: original burial depth, the 
orientation and interrelationship between artifacts, the compressive characteristics of the 
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Figure 32. Excavated test pit site in fine sand prior to the removal of the test 
artifacts. (Note that the 15-cm (6-in.) skull pots were damaged in all 
four replicates) 
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Figure 33. Closeup view of the top layer of test artifacts buried in a loam matrix 
in the unprotected pit. (Note the crushing damage to the 15-cm (6-
in.) skull pot (A) and the 10-cm ( 4-in.) household pot (B) compared to 
the failure of the bottom of the inverted pot and the cracks in the tray 
(C)) 
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Figure 35. Laboratory photographs showing artifact breakage in cell C, layer 1 in 
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local soil (B)) 

92 



• • • -

•••• --Pir 7 -l 
I I 
c 

p,rq -L 
L - I 

Figure 36. Laboratory photographs showing artifact breakage in cell C, layer 1 in 
a silty loam matrix (unprotected pit (A), board road protected (B), 
protected by 45.7 cm (18 in.) of soil (C) and protected by 91 cm (36 
in.) of soil (D)) 

93 



Figure 37. 

40 .----.----.-----.----.--c-oNTRo 
NONE 18"' 36" BOARD NONE I 36" 

(f) 
w 
0 
w a: 
LL 
0 

·a: 
w 
OJ 
2 
~ z 

(f) 
w 30-
0 w 
0... 
LL 
0 20 
a: w co 
2 
~ z 

(f) 
w 30 
0 w 
0... 
LL 
0 20 
a: w co 
2 
~ z 

Layer1 

':'; 

ll:l ~ ~ l $ ·ti'1t..-Jl jfi'r 
AOCD AOCD ABCD AOCO 

NONE 18" 36" 
CONrRO 

OOARD NONE 36" 

Layer2 

NONE 13" 
----- --coN,RO 

36" OOARD NONE 36" 

Layer3 

AClCD AClCD AOCD ADCD ABCD 

Breakage of each 15-cm (6-in.) skull pot buried in a silty loam matrix 
in each test pit at various depths (Type of protection is given at the 
top of each column, letters refer to test cells within each layer, layer 
number is the depth of layer below original ground) 

94 



Figl1re 38. 
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burial matrix, and the type of protective cover. General conclusions that can be drawn 
from the field experiments include: 

n. Amount of breakage decreases with increasing depth of burial. 

.b.. Artifacts that are oriented in such a manner that they can transfer the 
compressive load onto the underlying matrix are less susceptible to 
breakage. 

~. Artifacts in contact with other artifacts such that the stress is transferred 
from one artifact to the other are more susceptible to damage. 

g. Artifact damage is greater in compressible matrix materials. 

~. 

f. 

Protective covers that minimize the amount of differential strain on the 
buried artifacts provide better protection that those that allow the transfer 
of strain downwards. 

Artifacts that become ductile when wet, such as charcoal, tend to deform 
or bend, without breaking. ' 
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PART V: APPLICATION OF THE STUDY TO 
PRESERVING ARCHAEOLOGICAL SITES 

Buried Soil Investigation 

183. The concept of site protection through burial is an attractive option because 
the total archaeological resource can be maintained in place. From extensive field 
observations, however, archaeologists know that certain site conditions enhance the 
preservation, while others accelerate the decay of organics, metals, ceramics, and other 
materials. There is concern, therefore, that the physical and chemical effects of burial can 
be deleterious to the artifacts to be protected. 

184. As a result of the interdisciplinary workshop on the physical-chemical-
biological effects of burial on archaeological sites, a selected group of environmental 
factors active on archaeological sites was identified. The relative effect of these factors, 
listed from least damaging to most damaging, on the decay rate of archaeological 
components is shown below (Mathewson 1989b ). 

f!. Dry 
h. Thaw 
.Q. Basic conditions 
g. Movement 
~. Microorganisms 
f. Acidic conditions 
g. Wet anaerobic 
h. Freeze 
1. Macroorganisms 
j. Compression 
k. Wet Aerobic 
l. Wet-dry and freeze-thaw 

The effects of the burial environment on site decay are listed in ascending order of 
significance. Erosion is not listed because the surficial processes of erosion are not 
expected to impact a site once it is buried. The process of freezing is significantly more 
severe than thawing because the formation of ice crystals within the pores of an artifact 
cause breakage. The differences observed between buried and unburied soils in this study 
can be analyzed, in terms of the relative effect of the site environment on site decay given 
above, to evaluate the effect of burial on archaeological sites. 

185. The buried soils analyzed were protected from erosion, therefore, it can be 
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argued that burying archaeological sites will enhance their preservatio_11 by limiting the 
effect of surface processes, such as freeze-thaw, on the archaeological components. Burial 
may also decrease the rate of weathering and leaching of the soils by limiting the effect of 
pedogenic processes. This will in turn limit the number of microorganisms and 
macroorganisms that may have a negative impact on the chemical and physical conditions 
of a site and associated artifacts. 

186. The field investigation of buried and unburied soils suggests that burial 
increases the moisture content of the soils buried under an embankment. These results, 
however, are specific to the topographic position and climatic conditions of the study sites. 
The central Texas study area where most of the data for this investigation were collected 
experiences sharp seasonal variations in temperature and moisture. In areas where soils 
are naturally wet for most or all of the year, an increase in moisture upon burial will not be 
significant, if noticeable at all. In semiarid to arid areas, burial may maintain the soils 
wetter a little longer after precipitation, but ultimately, the buried soils will be as dry as 
adjacent unburied soils. Differences in the amount of moisture retained under the 
embankment will also be controlled by the topographic position of the soils, with upslope 
soils generally wetter than downslope soils due to ponding of runoff along the upslope side. 

187. If the increase in moisture is moderate, so that the soils become only partly 
saturated, the resultant wet aerobic conditions can be most deleterious to the 
archaeological components. A moderate increase in moisture may also encourage the 
presence of burrowing macro- and microorganisms in a site, with a resultant negative effect 
on the components to be protected. If the increase of moisture as a result of burial is 
considerable, the site may be seasonally or permanently wet, and anaerobic reactions will 
predominate. This condition is only partly damaging to archaeological components, and 
has the potential for preserving organic matter. The preservation of this organic carbon, 
however, may be in a form that is not useful to the archaeologists, given that organic 
carbon appears to undergo progressive diagenetic polymerization as a result of burial 
(Jenkins 1985; Stevenson 1969). 

188. In cases where a change in the soil pH may enhance the preservation of 
archaeological components, burial will have a limited effect. Liming of soils for 
agricultural and soil stabilization purposes is a common practice, but this procedure 
involves physically mixing the lime and soil. In an archaeological site where preservation of 
the artifacts in their natural context is of utmost importance, mixing the lime into the 
archaeological site is not feasible. The resultant change in pH observed in the Navajo soils 
was limited to the illuvial horizons; the eluvial horizons remained acidic. The organic acids 
prevalent in the upper buried horizons appear to have buffered the imprinting effect of the 
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alkaline fill. It is also important to consider in the design of a burial environment that the 
wet conditions necessary to translocate the chemical constituents expected to cause a 
change in pH would probably be deleterious to a site. It was suggested from the study of 
buried and unburied soils that buried soils show a decrease in calcium carbonate 
concretions. Because calcium carbonate concretions can only occur in alkaline conditions, 
it is possible, although not tested in this study, that burial generally results in a decrease in 
pH of the soil solution. This condition will be most prevalent in sites where a post-burial 
anaerobic environment develops. 

189. Although no significant difference in the content of exchangeable cationswas 
observed in the study of buried versus unburied soils, the effect of burial on phosphorus 
content was not determined, and can only be inferred. To an archaeologist, phosphorus is 
one of the more important ions that occur in a soil. Phosphorus is generally a by-product of 
human activities, and its concentration in a site has been used to map the limits of 
occupational surfaces (Proudfoot 1976). Most phosphorus in the soil is held in insoluble 
iron, manganese, aluminum, or calcium compounds, with pH controlling the kind of 
phosphate most prevalent in the soil solution. As a result, very little mineral phosphorus is 
normally released and readily available to plants. While burial will limit even further the 
availability of phosphorus to plants, the concentration of phosphorus in archaeological sites 
is often 10 times that of non-archaeological soils; therefore, the preserving effect of burial 
will not be significant. 

190. Buried soils appear to have coarser structure with depth as a result of an 
increase in compaction. Coarsening of structure with depth is common in soils. The 
actions of roots, burrowing organisms and humans are generally responsible for the fine 
structure of upper soil horizons. Deeper horizons are not significantly impacted by these 
factors, but rather, by the effect of vertical loading and moisture changes. An increase in 
moisture may cause a clayey soil to swell. The resultant increase in the internal pressure of 
the soil would be released along a few planes of weakness that establish the size and grade 
of the structure in the affected horizons. This condition is most prevalent in clay and loam-
rich, compressible soils where the differential displacement along planes of weakness that 
develop within the soil material has the potential for disturbing the interrelationships of the 
components, and causing breakage of friable artifacts. The type and amount of damage 
that result from this increase in compaction, however, can be predicted and quantified. 
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Compression Testing 

191. Laboratory and field tests of the effect of compressive loads on artifacts 
indicate that the amount of artifact breakage is a function of the thickness of the pottery 
walls, the orientation of the artifacts, the relationships between artifacts, the 
compressibility of the matrix, and the characteristics of the protective cover. The pottery 
wall thickness, the orientation and interrelationships of the artifacts, and the 
compressibility of the burial matrix are established by the site and are independent of the 
protective methods selected. The engineer, therefore, can vary only the design of the 
protective cover. Laboratory and field tests indicate that differential strain, rather than 
total stress, is the primary mechanism that causes breakage of brittle artifacts. Thus, the 
design of a protective cover must be based on an evaluation of the compressibility of the 
burial matrix and should strive to minimize differential settlement. 

Archaeological Site Protection 

192. Given that certain environmental conditions are known to enhance the 
preservation of archaeological components, it has been suggested that a beneficial burial 
environment can be planned and implemented so as to protect a select group of artifacts. 
The burial environment chosen must be site specific and designed based on the combined 
input of scientists and engineers. An initial survey of the site by a team of archaeologists 
would be imperative to place the site within a historical and cultural context, and to 
determine the types and degree of preservation of the components present. The 
archaeologists would also have to evaluate the research value of the archaeological site and 
decide whether the costs of preservation are merited. Soil scientists would make an 
analysis of the physical, chemical, and biological properties of the soil matrix and of the 
site, paying particular attention to texture, pH, moisture conditions, geomorphology, and 
topographic position. The engineering geologists and engineers would then design, if 
possible, the engineered cover that will induce the environmental changes desired while 
minimizing the differential strain on the buried archaeological materials. If the design is 
economically feasible, and the desired environmental conditions can be generated, the plan 
would be implemented (Mathewson 1989b ). 

193. While the interrelationships between the soil matrix and the archaeological 
components are innumerable, the best and worst scenarios r~garding the preservation of 
artifacts and their continued existence under a fill can be discussed. Most well-preserved 
sites occur in arid and/or frozen (permafrost) environments. At these sites, a wide 
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assortment of artifacts of different composition have withstood the passage of time and are 
reasonably well preserved. The archaeologists in this case would determine which 
archaeological artifacts have been naturally preserved and need to be protected 
preferentially so that engineers can plan for the most adequate environment upon burial. 
The burial environment should be planned to retain as much as possible the physical and 
chemical characteristics of the anthropic soil. If the artifacts and their interrelationships 
have been preserved for centuries, this site provides naturally for the most adequate 
environmental conditions, and every effort must be made to retain these conditions within 
the buried site. 

194. On the other hand, if a site is in a distinctly acid or alkaline soil matrix, and 
the area is impacted by wet/dry or freeze/thaw conditions, only a distinct set of artifacts 
would have been preserved preferentially with time. In this case, the archaeologist would 
determine, based on the site conditions, which components have been preserved 
preferentially, and the engineers should plan a burial environment that reduces the 
variation in moisture and/or the number of wet/dry and/or freeze/thaw cycles, but 
preserves the che!llical characteristics of the site. Any dramatic change in the chemistry 
can accelerate the decay of the remaining artifacts that up to now have been preserved. 
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PART VI: CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

195. The objectives of this investigation were three-fold: 

fl:. To study the effect of burial on soils by observing any differences between 
adjacent buried and unburied soils. 

h. To investigate the effect of vertical compressive loads on the breakage of 
archaeological materials. 

£. To evaluate the applicability of burial as a preservation technique for 
archaeological sites. 

The statistical analysis revealed that certain soil properties differed for buried and . 
unburied soils. These differences may or may not result from the burial process. 
Specifically, the following changes were determined: 

h. 

Most of the buried soils analyzed have thicker soil profiles and thicker 
horizons than the unburied soils. These differences may reflect the pre-
burial slope position of the soils, or in some cases, the result of increased 
moisture, with increased pedogenic development, of the buried soils. 
Burial also protects the buried soils from erosion. 

Buried soil horizons have yellower hues, lower values, and lower chromas 
than unburied soils, although the change in chroma is not statistically 
significant. The differences in color are associated with gleying, and in 
some sites, with the preferential preservation of organic carbon in the 
buried soils. Preservation of organic carbon in saturated buried soils 
results in low chromas and neutral hues. Theoretically, unburied soils that 
have continued to be acted upon by surficial, oxidizing processes would 
have with time redder hues, higher values, and higher chromas than 
adjacent buried soils. Given that the soils analyzed for this investigation 
have been buried for a maximum of 130 years, it is difficult to argue that 
the changes in color observed herein are the result of a decrease in 
leaching and weathering rates of the buried soils. . 

Burial has no noticeable effect on the texture (grain size) of the buried 
soils. Any textural differences observed in the upper buried soil horizons 
appear to have resulted from a mechanical mixing of the fill and soil 
materials during construction of the embankments. Translocation of fines 
into the buried soil, with a resultant chan~e in texture, is expected in sites 
where coarse-grained soils are covered with fine-grained fills. However, 
this condition was not tested in this study because none of the sites 
analyzed fully met these textural requirements. 
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.d. Buried soil horizons, particularly clay-rich horizons, show a coarsening of 
their structure as a result of burial. These differences in structure appear 
to be the result of increased vertical loading with depth, limiting the 
number of shear planes that develop in the soils. Buried soils also have six 
times as many structureless horizons as unburied soils. This condition is 
most prevalent in wet buried horizons. The lack of structure may result 
from mcreased pore water pressures or increased sodium cations in the 
soil solution essentially deflocculating the soil particles. It is also possible 
however, that coring destroyed any evidence of structure in these wet ' 
horizons. 

~. 

f. 

g. 

h. 

!· 

Buried soils have less calcium carbonate concretions than unburied soils. 
Increased wetness of the buried soils may prevent calcium carbonate from 
precipitating into concretions or filaments. A resultant decrease in pH 
upon burial may also be responsible for this change. 

Gleying, and associated mottling, are more common in buried soils. 
Buried soils were often wetter than unburied soils. In areas of shallow 
groundwater, the embankment may cause a rise in the groundwater table 
due to the altered topography. The embankm~nt may also limit the 
evapotranspiration rate of the buried soils, or it may trap runoff and 
precipitation along its sides with a resultant increase in moisture in the 
buried soils. Soils in a pre-burial toe-slope position would have thick, 
preferentially clay-rich horizons with a strong water retention capacity. 
These soils may have been mottled before burial. 

An alkaline fill imprinted a basic pH on the illuvial horizons of the 
underlying buried soil. The upper, organic ~arbon-rich horizons of the 
buried soil, however, had acid pH's. Orgamc acids associated with the 
organic matter preserved in these saturated h.orizons ap_pear to weigh 
more heavily in determining the pH of the soil than the imprinting effect 
the fill may have on the same horizons. 

Saturated horizons preserve organic carbon. However, the preservation of 
humus depends on bonding between the organic fraction and the clay 
colloids, therefore saturation does not guarantee the preservation of 
larger organic remains because they are unable to bond to the clay 
colloids. 

The changes observed in the buried soils analyzed in this study appear to 
have occurred shortly after burial, at least within the first 40 or so years. 
The amount of change observed appears to be controlled by site-specific 
geologic, climatic, hydrologic, and m~st importantly, geomorphic 
conditions. The changes in buried soils described herein may differ from 
chan~es observed in buried soils in drier or more humid geographic 
locat10ns. 
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J. Damage of archaeological materials due to compressive loading is 
controlled by the depth of original burial, the strength of the 
archaeological materials, the orientation of the artifacts with respect to 
the direction of loading, the interaction between artifacts during loading, 
the compressibility of the burial matrix, and the protective cover used. 
The primary mechanism of artifact breakage is differential strain rather 
than stress. Breakage will occur whenever the artifact is unable to transfer 
this strain to the burial matrix and strain thresholds within the artifact are 
exceeded. 

Archaeological Site Protection 

196. The following conclusions can be made on the applicability of burial as a 
preservation technique for archaeological sites: 

g,. Burial has the potential for limiting erosion and weathering rates of 
archaeological sites. Burial will also reduce the impact of micro-
organisms and burrowing macro-organisms on archaeological sites. 

h. Burial will increase the vertical load on archaeological sites. If the soil 
matrix is compressible, damage to ceramics, bones, and other friable and 
brittle materials is possible. The extent of this damage, however, can be 
quantified and predicted. A limited displacement of these components 
within the soil, which would affect the archaeological interrelat10nships, 
may also occur. 

~- An increase in the moisture content of the soil matrix as a result of burial 
will have in most cases a deleterious effect on the components of the 
archaeological site, unless permanently wet anaerobic conditions develop. 
However, an increase in wetness upon burial may be beneficial if this 
condition reduces the seasonal vanations of wet-dry and freeze-thaw, the 
two most damaging agents to archaeological sites. Design of the burial 
embankment must be site-specific; the embankment can be designed to 
trap or to deflect runoff, depending on the moisture condition deemed to 
be most beneficial to a particular site. 

g. A limited change in the pH of the soil matrix may be induced by covering 
the site with fill material that has the right chemical and physical 
characteristics. An abundance of organic matter in the soil of the site 
however, may buffer the pH of the soil, limiting the imprinting effect bf 
the fill selected. More thorough imprinting of the fill material on the 
buried soils is yossible. However, this would reguire physical mixing of 
the fill and soi materials, or artificial translocat10n of the desirable 
cations or other chemical species into the buried soil matrix by thorough 
wetting. Both alternatives can be damaging to the archaeological 
components or their interrelationships. 
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~. The most successful and beneficial burial environment for the 
preservation of an archaeological site is that which retains the original 
chemical characteristics of the soil and limits the deleterious effects of 
freeze/thaw and wet/dry cycles. 

f. The design of the protective cover is controlled by the compressibility of 
the burial matrix at the archaeological site. At sites having compressible 
matrix materials, the protective cover should be designed to minimize 
differential strains through the use of a rigid cover design such as a board 
road, landing mat or concrete slab. At sites having a dense or non-
compressible matrix material, the protective cover need not be rigid and 
soil or other flexible covers can be used. The design objective of the cover 
should be to (a) minimize differential strains within the site and (b) 
dissipate the stress field over the site. 

Recommendations for Future Research 

197. Based on the results and interpretations of this research, the following 
recommendations are presented: 

Q· A more comprehensive analysis of the changes in soil chemistry should be 
carried out to determine the rates and mechanisms of chemical change 
induced by the burial of an archaeological site. 

b.. Investi~ations of the physical and chemical changes that take place below 
an engmeered fill or embankment should be carried out in different 
climatic regions to test the interpretations made in this study. 

~. Data from actual archaeological sites should be obtained regarding the 
relationship between the physical properties of the burial matrix and the 
amount and type of artifact breakage. 

Q. Selected portions of archaeological sites that have been buried below 
engineered fills should be excavated to obtain field evidence of the impact 
of burial as a technique to protect archaeolo_gical sites. 
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Table 1 
Taxonomic Classification and Fill Properties of 

All Soils Sampled in This Studv 

Core Taxonomic Classification * Thickness 
cm 

Navajo 1A Kandic Paleustalf, fine-loamy, mixed 120 to BC 
Navajo 2A Udertic Paleustalf, fine, montmorillonitic 120 to BC2 
Navajo 3A Udic Haplustalf, fine, montmorillonitic 120 to BC 
Navajo 1 B Fill Typic Ustorthent, fine-loamy, mixed 159 
Navajo 1 B Buried Mollie Albaqualf, fine, montmorillonitic 104 to BCg 
Navajo 2B Fill Typic Ustorthent, clayey over loamy, mixed 217 
Navajo 2B Buried Mollie Ochraqualf, fine-loamy over clayey, mont. 83 to Btb2/Btb1 
Navajo 3B Fill Typic Ustorthent, fine, mixed 208 
Navajo 3B Buried Mollie Albaqualf, fine, montmorillonitic 202 to BCg 

Cunningham 1 A Udertic Paleustalf, fine-loamy over clayey, mixed 86 to Btk 
Cunningham 2A Udertic Paleustalf, fine-loamy over clayey, mixed 110 to Btk 
Cunningham 3A Udic Paleustalf, fine-loamy over clayey, mixed 125 to Bt2 
Cunningham 1 B Fill Typic Ustorthent, fine-loamy, mixed 120 
Cunningham 1 B Buried Udic Haplustalf, fine-loamy, mixed 120 at Bt2b 
Cunningham 2B Fill Udalfic Arent 77 
Cunningham 2B Buried Udic Paleustalf, coarse-loamy over clayey, mixed 103 to Btb 

Riverside 1 A Udic Haplustalf, fine, montmorillonitic 120 to BC 
Riverside 2A Udic Paleustalf, fine, montmorillonitic 120 to BC 
Riverside 3A Udertic Paleustalf, fine, montmorillonitic 78 to BC 
Riverside 1 B Fill Too thin to classify 1 9 
Riverside 1 B Buried Udic Paleustalf, clayey over loamy, montmorillonitic 108 to BCb 
Riverside 2B Fill Too thin to classify 18 
Riverside 2B Buried Udic Paleustalf, fine, montmorillonitic 113 to BCb 
Riverside 3B Fill Too thin to classify 12 

---------------• All soils were determined to have a thermic temperature regime 

Continued 

Fii I Burial 
T e Date 

Crushed dolomitic limestone 1902 

Crushed dolomitic limestone 1902 

Crushed dolomitic limestone 1902 

Sandy loam to clay loam soil 1918 

Clay and sandy clay soil 1918 

Gravelly sand & organics c.1950 

Gravels c.1950 

Gravels c.1950 
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Table 1 (Continued) 

Core Taxonomic Classlflcatlon* Thickness Fiii Burial 
cm T e Date 

Riverside 3B Buried Udic Paleustalf, fine, montmorillonitic 142 to BCb3 

Levee 1A Fluventic Ustochrept, fine-loamy, mixed, Weswood 42 to Bw 
Levee 1B Fill Fluventic Ustochrept, fine-loamy, mixed 140 Clay loam, Ships c.1910 
Levee 1 B Buried Udorthentic Chromustert, very fine, montmorillonitic 100 to Bwb2 

TMPA 1A Udic Ustochrept, clayey over loamy, mixed 111 to BC 
TMPA 2A Udic Haplustalf, loamy over sandy, mixed 243 to Bt2 
TMPA 3A Typic Argialboll, loamy, mixed 235 to Bt2 
TMPA 18 Fill Udic Ustochrept, fine, mixed 247 Loam to clay loam 1906-7 
TMPA 18 Buried Aquic Haplustalf, fine-loamy, mixed 112 to Btb 
TMPA 2B Fill Typic Haplaquept, fine-loamy, mixed 243 Loam to clay loam 1906-7 
TMPA 2B Buried Mollie Albaqualf, clayey, mixed 203 to Btb3 

....... TMPA 3B Fill Udic Ustochrept, fine-loamy, mixed 280 Loam to clay loam 1906-7 0 
-.....] TMPA 3B Buried Mollie Ochraqualf, loamy, mixed 184 to Btgb 

Chappell Hill 1 A Vertie Argiudoll, fine, montmorHlonitic 105 to BC 
Chappell Hill 2A Udic Pellustert, fine, montmorillonitic 147 to BC 
Chappell Hill 3A Udic Pellustert, fine, montmorillonitic 137 to BC 
Chappell Hill 1 B Fill Typic Ustorthent, fragmental over fine-loamy, siliceous 4 7 Very cherty coarse sand 1859 
Chappell Hill 1B Buried Mollie Haplaquert, fine-loamy over clayey, mont. 171 to BCkb 
Chappell Hill 2B Fill Typic Ustorthent, loamy-skeletal, siliceous 48 Very cherty clay loam & sand 1859 
Chappell Hill 2B Buried Udic Pellustert, fine, montmorillonitic 222 to BCkb 
Chappell Hill 3B Fill Typic Ustorthent, loamy-skeletal over sandy, siliceous 85 Very cherty sandy loam 1859 
Chappell Hill 3B Buried Udic Peilustert, fine, montmorillonitic 200 to BCb 

* All soils were determined to have a thermic temperature regime 
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Table 1 (Concluded) 

Core Taxonomic Classlflcatlon* Thickness Fii i Burial 
cm T e Date 

Beulah 1A Vertie Hapludalf, fine, montmorillonitic 137+ 
Beulah 2A Vertie Ochraqualf, fine, montmorillonitic 120+ 
Beulah 3A Vertie Argiudoll, fine, montmorillonitic 145 to Bt2 
Beulah 1 B Fill Aquic Udorthent, fine-loamy, mixed 54 Silty loam c.1910 
Beulah 1 B Buried Vertie Ochraqualf, fine, montmorillonitic 98+ 
Beulah 2B Fill Aquic Udorthent, fine, mixed 53 Silty clay loam to clay loam c.1910 
Beulah 2B Buried Vertie Ochraqualf, fine, montmorillonitic 117+ 
Beulah 3B Fill Aquic Udorthent, fine, mixed 42 Silty clay loam to clay c.191 O 
Beulah 3B Buried Vertie Ochraqualf, fine, montmorillonitic 112+ 
Beulah 4B Fill Aquic Udorthent, clayey over fine-silty, mont. 67 Silty clay loam to clay c.191 O 
Beulah 4B Buried Vertie Ochraqualf, fine, montmorillonitic 105+ 
Beulah 5B Fill Aquic Udorthent, fine, mixed 62 Loam to clay c.191 O 
Beulah 5B Buried Vertie Ochraqualf, fine, montmorillonitic 108+ 

,_..,. Beulah 6B Fill Aquic Udorthent, fine, mixed 66 Clay loam to clay c.1910 
0 Beulah 6B Buried Vertie Ochraqualf, fine, montmorillonitic 111 + 00 

Beulah 1 BB Fill Typic Udorthent; fine-loamy, mixed 171 Loam c.1913 
Beulah 1 BB Buried Aerie Ochraqualf; fine, mixed 249+ 
Beulah 6BB Fill Aerie Haplaquent; fine-loamy, mixed 154 Clay loam c.1913 
Beulah 6BB Buried Typic Hapludalf; fine, mixed 446+ 
Beulah 7BB Fill Aquic Hapludoll; fine-loamy, mixed 30 to Cg1 
Beulah 7BB Buried Not determined 

* All soils were determined to have a thermic temperature regime 
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Table 2 
Selected Chemical Properties of the Soils 

in Cores Navajo lA, 2A and 3A 

Extractable Bases 
Core Depth (cm) pH EC (dS/m) Ca* Mg* Na* K * CEC* ESP BS (%) 

-

Navajo 1A 0-7 6.8 0.1 4.2 0.9 0.2 0.1 6.3 3.2 86 
7-23 5.5 0.3 14.9 4.2 1.2 0.1 25.4 4.7 80 

23-38 5.9 0.1 12.0 3.1 1.0 0.1 18.0 5.6 90 
38-65 7 .1 0.7 14.9 3.5 1.8 0.1 18.8 9.6 100 
65-88 8.1 1.5 19.5 4.3 4.0 0.1 20.6 19.4 100 

88-120 7.7 2.5 26.5 4.9 4.3 0.1 21.9 19.6 100 
120-150 7.1 2.8 19.6 4.9 4.7 0.1 23.9 19.7 100 
150-188 6.8 2.1 22.1 5.6 5.0 0.1 31.3 16.0 100 
188-247 6.2 1.9 22.7 6.6 5.0 0.2 31. 7 15.8 100 
247-300 5.6 2.6 20.9 6.0 5.2 0.3 29.2 17.8 100 - Navajo 2A 6.2 0.7 5.3 0 0-11 

\C 
1.8 0.7 0.5 8.2 8.5 100 

11-75 5.9 2.4 17.0 6.2 3.0 0.7 29.6 1 0.1 91 
75-83 6.4 4.7 184.5 7.3 5.7 0.6 27.4 20.8 100 

83-120 6.1 0.5 59.8 11.8 8.1 1.1 46.3 17.5 100 
120-193 7.0 3.0 60.3 8.5 7.8 1.2 40.7 19.2 100 
193-240 7.0 1.6 13.3 4.8 4.2 0.9 25.9 16.2 90 

Navajo 3A 0-1 0 6.6 0.2 5.4 1.9 0.7 0.6 9.5 7.4 90 
10-24 6.8 0.2 5.3 1.9 0.8 0.5 10. 7 7.5 79 
24-31 5.7 1.1 13.4 5.0 2.6 0.7 28.5 9.1 76 
31-79 6.2 1.6 15.3 6.4 4.7 0.8 32.4 14.5 84 

79-120 6.2 5.6 67.9 9.1 7.4 0.7 35.9 20.6 100 
120-165 5.7 5.5 35.4 7.7 7.0 0.8 36.1 19.4 100 
165-240 5.4 2.5 18.5 7.9 7.3 1.0 47.4 15.4 73 

EC = electrical conductivity ESP = exchangeable sodium percentage 
CEC = cation exchange capacity BS = base saturation * in meq/1 OOg 
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Table 2 (Concluded) 

Core DeEth {cm} OC {%} IC {%} TC {%} Clay: {%i Fine Clay (%) CEC/Clayo/o 
Navajo 1A 0-7 1.99 0.87 2.86 8.9 4.7 71 

7-23 3.46 0.20 3.66 46.3 36.7 55 
23-38 0.92 0.53 1.45 31.0 12.0 58 
38-65 1.37 0.30 1.67 30.4 23.1 62 
65-88 0.79 0.01 0.79 31.0 20.3 67 

88-120 0.57 0.01 0.57 31.0 14.8 71 
120-150 0.47 0.01 0.47 30.7 9.6 78 
150-188 0.33 0.15 0.48 35.9 9.3 87 
188-247 0.49 0.01 0.49 43.0 11.8 74 
247-300 0.63 0.01 0.63 45.7 11.0 64 

Navajo 2A 0-11 0.45 0.18 0.63 10.0 6.4 82 
11-75 0.45 0.46 0.91 42.7 34.4 69 
75-83 0.16 0~05 0.21 41.1 21.8 67 - 83-120 0.09 34.2 11.6 135 - 0.03 0.12 

0 120-193 0.15 0.01 0.16 61.5 20.6 66 
193-240 0.16 0.23 0.39 34.0 13.5 76 

Navajo 3A 0-1 0 0.46 1.22 1.68 7.9 3.7 120 
10-24 0.39 0.30 0.69 16.3 10.0 66 
24-31 0.44 0.20 0.64 38.4 29.9 74 
31-79 0.35 0.40 0.75 45.1 34.2 72 

79-120 0.18 0.04 0.22 56.1 21.3 64 
120-165 0.23 0.00 0.23 53.4 16.8 68 
165-240 0.28 0.03 0.31 48.5 13.2 98 

OC = organic carbon IC = inorganic carbon TC = total carbon 



Table 3 
Selected Chemical Pronerties of the Soils 
in Cores Navajo lB and Levee lA and lB 

Extractable Bases 
Core Depth {cm) pH EC {dS/m) Ca* Mg* Na* K * CEC* ESP BS (%} 

Navajo 18 19-37 8.2 0.3 23.0 2.3 1. 7 0.3 14. 7 11.6 100 
59-136 7.9 0.5 19.2 4.5 2.8 0.4 23.5 11. 9 100 
136-140 6.8 0.3 6.4 1. 7 1.0 0.1 9.6 10.4 96 
140-146 7.1 0.6 14.3 4.9 2.5 0.2 25.7 9.7 85 
146-159 5.5 0.6 4.7 1.2 0.9 0.0 7.0 12.9 97 
159-179 5.8 0.3 6.1 1.5 1.0 0.0 9.9 10.1 87 
179-246 7.5 1.8 19.5 6.6 3.7 0.2 35.2 10.5 85 
246-263 7.4 2.4 143.0 6.2 4.1 0.1 23.9 17.2 100 
263-300 6.9 3.3 37.8 7.5 4.6 0.2 32.2 14.3 100 

Levee 1A 0-3 ND ND ND ND ND ND ND ND ND 
3-1 6 8.0 0.2 28.4 1.5 0.1 1.0 16.6 0.6 100 

1--" 16-42 8.5 0.1 28.5 1.2 0.1 0.7 11.3 0.9 100 I--' 
I--' 

42-56 8.0 0.7 56.5 3.1 0.1 1.8 30.0 0.3 100 
56-74 8.3 0.6 45.0 2.5 0.2 0.6 18. 7 1. 1 100 
74-98 8.5 0.5 45.8 2.3 0.2 0.2 13.6 1.5 100 
98-114 8.3 0.5 45.7 3.2 0.3 0.2 19.3 1.6 100 

11 4-142 8.0 0.6 60.8 5.5 0.4 0.4 32.4 1.2 100 
142-156 8.4 0.4 64.8 6.6 0.4 0.6 37.8 1 . 1 100 
156-300 8.4 0.6 61.2 7.5 0.4 0.6 36.1 1 . 1 100 

Levee 18 9-48 8.1 0.6 50.3 2.8 0.1 0.6 24.5 0.4 100 
48-131 8.4 0.1 38.7 1. 1 0.1 0.2 8.6 1.2 100 

131-140 8.3 0.5 48.5 2.7 0.3 0.4 17.5 1. 7 100 
140-154 8.3 0.4 35.7 3.2 0.3 0.5 20.3 1.5 100 
154-180 8.2 0.5 57.0 5.1 0.5 0.6 29.8 1. 7 100 
180-240 8.0 1.2 49.0 6.3 0.6 0.5 33.3 1.8 100 
240-270 8.0 ND 49.0 7.5 0.7 0.4 31.3 2.2 100 
270-300 8.1 1.0 49.8 8.9 0.7 0.6 33.7 2. 1 100 
300-330 8.0 1.1 44.2 8.3 0.8 0.5 29.8 2.7 100 

EC = electrical conductivity ESP = exchangeable sodium percentage 
CEC = cation exchange capacity BS = base saturation * in meq/1 OOg N D = not determined 

Continued 



Table 3·(Concluded) 

Core Depth (cm) QC (%) IC (%) TC (%) Clay (%) Fine Clay (%) CEC/Clayo/o 
Navajo 18 19-37 0.60 0.33 0.93 20.3 7.0 72 

59-136 0.50 0.01 0.51 38.2 15.9 62 
136-140 1.23 0.28 1.51 15. 7 9.5 61 
140-146 2.08 0.63 2.71 38.8 29.0 66 
146-159 1.40 0.14 1.54 11.6 6.8 60 
159-179 2.79 0.15 2.94 15.6 8.4 64 
179-246 2.01 0.01 2.02 46.6 36.5 76 
246-263 1.27 0.16 1.43 42.6 28.8 56 
263-300 0.64 0.01 0.65 48.3 16.9 67 

Levee 1A 0-3 ND ND ND ND ND ND 
3-16 2.24 4.75 6.99 19.9 10.9 83 
16-42 1.03 4.20 5.23 17.0 10.2 67 
42-56 2.49 7.17 9.66 52.9 27.8 57 
56-74 5.05 2.25 7.30 28.5 14.3 66 - 74-98 1.62 3.76 5.38 21.9 11.8 62 -N 98-114 1.76 5.80 7.56 35.9 16.3 54 

114-142 1.91 6.48 8.39 72.5 36.6 45 
142-156 2.69 6.01 8.70 62.8 30.4 60 
156-300 2.29 7.01 9.30 62.3 30.3 58 

Levee 18 9-48 1.80 6.20 8.00 39.1 22.0 63 
48-131 1.41 2.54 3.95 13.7 8.3 63 

131-140 1.32 5.82 7.14 26.6 14.2 66 
140-154 1.38 6.18 7.56 30.9 16.5 66 
154-180 3.69 4.59 8.28 66.8 33.8 45 
180-240 5.42 3.25 8.67 64.9 37.2 51 
240-270 4.68 3.86 8.54 60.5 33.1 52 
270-300 4.23 3.89 8.12 64.7 33.9 52 
300-330 3.29 3.70 6.99 52.4 27.9 57 

OC = organic carbon IC = inorganic carbon TC = total carbon 
N D = not determined 



Table 4 
Statistical Comparison between Selected 

Physical Properties of Buried and Unburied Soils 

Thickness SS Hue SS Hue Value SS Value Chroma SS Chroma Texture 
{cm) Thickness 

Average Unb. 30.13 24.45 1.97 1.96 3.68 3.65 1.8 1. 7 2.58 
St. Dev. Unb. 22.51 16 0.2 0.2 1.02 0.68 0.9 0.52 0.5 
Variance Unb. 506.86 256.11 0.04 0.04 1.05 0.46 0.81 0.27 0.25 

Average Bur. 42.77 30.6 2.04 2.05 3.41 3.38 1.66 1.54 2.62 
St. Dev. Bur. 32.03 17.19 0.18 0.13 0.88 0.46 0.88 0.45 0.58 
Variance Bur. 1025.91 295.58 0.03 0.02 0.77 0.21 0.78 0.2 0.33 

Sp 27.74 16.6 0.19 0.17 0.95 0.55 0.89 0.47 0.54 
t -2.88 -2.25 -2.33 -1. 71 1.8 1.58 0.99 1. 1 -0.4 7 
df 158 145 158 42 158 42 158 42 158 

Jo-I. 
Jo-I. 
(.;.) SS Texture Structure SS CaC03 SS CaC03 Mottling SS Mottling Mttls Hue SS Mttls Hue 

Structure 
Average Unb. 2.63 3.77 4.07 0.28 0.32 0.68 0.71 1.65 1. 71 
St. Dev. Unb. 0.38 1.69 1.14 0.64 0.51 0.84 0.49 0.24 0.23 
Variance Unb. 0.15 2.84 1.29 0.41 0.26 0.71 0.24 0.06 0.05 

Average Bur. 2.64 3.9 4.22 0.14 0.11 1 .1 1 .14 1.63 1.64 
St. Dev. Bur. 0.35 1.97 1.24 0.41 0.33 1 0.73 0.23 0.2 
Variance Bur. 0.12 3.87 1.53 0.17 0.11 0.99 0.54 0.05 0.04 

Sp 0.36 1.83 1.16 0.54 0.41 0.92 0.62 0.23 0.21 
t -0.09 -0.45 -0.42 1. 64 1. 65 -2. 89 -2. 24 0.41 1.01 
df 42 158 42 158 42 158 42 88 36 

SS: Sampling Section (Upper 1 m of the soil) t = test statistic 
Sp = Square root of the weighted average of the sample variances df = degrees of freedom 
Bold test statistic results are significant at a 90% Confidence Interval 
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Table 4 (Concluded) 

Mttls Value SS Mttls Value Mttls Chroma SS Mttls Chroma Structure SS Structure 

Average Unb. 4.42 4.06 5.61 4.69 3.82 4.05 
St. Dev. Unb. 1.08 1.25 2.42 2.31 1.64 1.15 
Variance Unb. 1.17 1.56 5.87 5.35 2.69 1.32 

Average Bur. 4.38 4.2 5.64 5.37 4.27 4.35 
St. Dev. Bur. 1.02 0.8 1. 76 1.55 1.62 1.23 
Variance Bur. 1.04 0.64 3.11 2.41 2.64 1.5 

f-' 
f-' 
~ Sp 1.05 1.01 2.07 1.91 1.63 1.19 

t 0.18 -0.42 -0.07 -1.08 -1. 7 -0.81 
df 88 36 88 36 150 40 

SS: Sampling Section (Upper 1 m of the soil) t = test statistic 
Sp = Square root of the weighted average of the sample variances df = degrees of freedom 
Bold test statistic results are significant at a 90% Confidence Interval 



--------------------------~--- ------ -

Table 5 
Average Pot Breakage for all Test Artifacts 

Buried in a Loam Matrix 

Configuration Protection 
Breakage at Depth 
1..tt 2 ft 3 ft 

Upright 4" w /Lid .............. Control ............................ 0.0 ....... 0.0 ....... o.o 
Upright 4" w/Lid .............. 36" Cover Control ............ 1.0 ....... 0.0 ....... 0.0 
Upright 4" w/Lid .............. Unprotected .................... 5.0 ....... 0.0 ....... 0.0 
Upright 4" w /Lid .............. Board Road ..................... 0.0 ....... 0.0 ....... 0.0 
Upright 4" w/Lid .............. 18" Cover ......................... 1.5 ....... 0.0 ....... 0.0 
Upright 4" w/Lid .............. 36" Cover ......................... 0.0 ....... 0.0 ....... 0.0 

4" Lid ............................... Control ............................ 0.0 ....... 0.0 ....... 0.0 
4" Lid ............................... 36" Cover Control ............ 2.0 ....... 0.0 ....... 0.0 
4" Lid ............................... Unprotected .................... 2.75 ..... 1.25 ..... 0.0 
4" Lid ............................... Board Road ..................... 0.0 ....... 0.0 ....... 0.0 
4" Lid ............................... 18" Cover ......................... 1.0 ....... 0.0 ....... 0.0 
4" Lid ............................... 36" Cover ......................... 0.0 ....... 0.0 ....... 0.0 

4" Pot on Side .................. Control ............................ o.o ....... o.o ....... o.o 
4" Pot on Side .................. 36" Cover Control.. .......... 1.50 ..... 0.0 ....... 0.0 
4" Pot on Side .................. Unprotected .................. 11. 75 ..... 5.0 ....... 0.0 
4" Pot on Side .................. Board Road ..................... 0.0 ....... 0.0 ....... 0.0 
4" Pot on Side .................. 18" Cover ......................... 7.0 ....... 0.25 ..... 0.0 
4" Pot on Side .................. 36" Cover ......................... 5.75 ..... 0.0 ....... 0.0 

Inverted 4" Pot.. ............... Control ............................ 0.0 ....... 0.0 ....... 0.0 
Inverted 4" Pot.. ............... 36" Cover Control. ........... 0.00 ..... 0.0 ....... 0.0 
Inverted 4" Pot.. ............... Unprotected .................... 4.75 ..... 5.0 ....... 0.0 
Inverted 4" Pot. ................ Board Road ..................... o.o ....... 0.0 ....... 0.0 
Inverted 4" Pot.. ............... 18" Cover ......................... 0.25 ..... 0.0 ....... 0.0 
Inverted 4" Pot.. ............... 36" Cover ......................... 0.0 ....... 0.0 ....... 0.0 

6" Tray ............................. Control ............................ 0.0 ....... 0.0 ....... 0.0 
6" Tray ............................. 36" Cover Control. ........... 0.0 ....... 0.0 ....... 0.0 
6" Tray ............................. Unprotected .................. 13.0 ....... 8.75 ..... 0.0 
6" Tray ............................. Board Road ..................... 0.0 ....... 0.0 ....... 0.0 
6" Tray ............................. 18" Cover ......................... 3.75 ..... o.o ....... 0.0 
6" Tray ............................. 36" Cover ......................... 0.25 ..... 0.0 ....... 0.0 

4" Pot Upright.. ................ Control ............................ 0.0 ....... 0.0 ....... 0.0 
4" Pot Upright.. ................ 36" Cover Control ............ 2.0 ....... 1.25 ..... 1.50 
4" Pot Upright.. ................ Unprotected .................... 0.0 ....... 0.0 ....... 2.0 
4" Pot Upright.. ................ Board Road ..................... 0.0 ....... 0.0 ....... 0.0 
4" Pot Upright.. ................ 18" Cover ......................... 0.0 ....... 0.5 ....... 0.0 
4" Pot Upright.. ................ 36" Cover ......................... 0.25 ..... 0.0 ....... 0.0 

6" Pot on Side .................. Control ............................ 0.0 ....... 0.0 ....... 0.0 
6" Pot on Side .................. 36" Cover Control. ........... 8.50 ..... 8.50 ..... 2. 75 
6" Pot on Side .................. Unprotected .................. 28.25 ... 22. 75 ... 12.50 
6" Pot on Side .................. Board Road ..................... 2.5 ....... 7.0 ....... 1.0 
6" Pot on Side .................. 18" Cover ....................... 19.75 ... 13.75 ..... 5.25 
6" Pot on Side .................. 36" Cover ....................... 15.75 ..... 7.75 ..... 4.0 
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Table 6 
Average Pot Breakage for all Test Artifacts 

Buried in a Sand Matrix 

Breakage at Depth 
Configuration Protection 1lt 2ft 3ft 

Upright 4" w /Lid .............. Control ............................ 0.0 ....... 0.0 ....... 0.0 
Upright 4" w/Lid .............. 36" Cover Control ............ 0.0 ....... 0.0 ....... 0.0 
Upright 4" w/Lid .............. Unprotected .................... 2.75 ..... 0.0 ....... 0.0 
Upright 4" w/Lid .............. Board Road ..................... 0.0 ....... 0.0 
Upright 4" w/Lid .............. 18" Cover ......................... 1.0 ....... 0.0 ....... 0.0 
Upright 4" w/Lid .............. 36" Cover ......................... 0.0 ....... 0.0 ....... 0.0 

4" Lid ............................... Control ............................ 0.0 ....... 0.0 ....... 0.0 
4" Lid ............................... 36" Cover Control ............ 0.0 ....... 0.0 ....... 0.0 
4" Lid ............................... Unprotected .................... 5.25 ..... 0.0 ....... 1.25 
4" Lid ............................... Board Road ..................... 0.0 ....... 0.0 ........ . 
4" Lid ............................... 18" Cover ......................... 0.75 ..... 0.0 ....... 0.0 
4" Lid ............................... 36" Cover ......................... 0.75 ..... 0.0 ....... 0.0 

4" Pot on Side .................. Control ............................ 0.0 ....... 0.0 ....... o.o 
4" Pot on Side .................. 36" Cover Control ............ 0.0 ....... 0.0 ....... 0.0 
4" Pot on Side .................. Unprotected .................. 10.75 ..... 1.0 ....... 2.75 
4" Pot on Side .................. Board Road ..................... 2.5 ....... 0.0 ........ . 
4" Pot on Side .................. 18" Cover ......................... 3.0 ....... 0.25 ..... 0.0 
4" Pot on Side .................. 36" Cover ......................... 0.0 ....... 0.0 ....... 0.0 

Inverted 4" Pot.. ............... Control ............................ 0.0 ....... 0.0 ....... 0.0 
Inverted 4" Pot.. ............... 36" Cover Control. ........... 0.0 ....... 0.0 ....... 0.0 
Inverted 4" Pot.. ............... Unprotected .................... 1.75 ..... 5.0 ....... 0.0 
Inverted 4" Pot.. ............... Board Road ..................... 0.5 ....... 0.0 ........ . 
Inverted 4" Pot.. ............... 18" Cover ......................... 0.0 ....... 0.75 ..... 0.0 
Inverted 4" Pot.. ............... 36" Cover ......................... 0.0 ....... 0.0 ....... 0.0 

6" Tray ............................. Control ............................ o.o ....... 0.0 ....... o.o 
6" Tray ............................. 36" Cover Control ............ 0.0 ....... 0.0 ....... O.O 
6" Tray ............................. Unprotected .................. 10.0 ....... 0.25 ..... 0.0 
6" Tray ............................. Board Road ..................... 0.25 ..... 0.0 ........ . 
6" Tray ............................. 18" Cover ......................... 3.0 ....... 0.0 ....... 0.0 
6" Tray ............................. 36" Cover ......................... 0.0 ....... 0.0 ....... 0.0 

4" Pot Upright.. ................ Control ............................ 0.0 ....... 0.0 ....... 0.0 
4" Pot Upright.. ................ 36" Cover Control ............ 0.0 ....... 0.0 ....... 0.0 
4" Pot Upright.. ................ Unprotected .................... 4.0 ....... 0.0 ....... 2.0 
4" Pot Upright.. ................ Board Road ..................... 0.0 ....... 0.0 ........ . 
4" Pot Upright.. ................ 18" Cover ......................... 0.0 ....... 0.0 ....... 0.0 
4" Pot Upright .................. 36" Cover ......................... 0.0 ....... 0.0 ....... o.o 
6" Pot on Side .................. Control ............................ 0.0 ....... 0.0 ....... 0.0 
6" Pot on Side .................. 36" Cover Control. ........... I. 75 .... .4.0 ....... I. 75 
6" Pot on Side .................. Unprotected .................. 25.50 ... 16.50 ..... 5.0 
6" Pot on Side .................. Board Road ..................... 0.25 ..... 0.0 ........ . 
6" Pot on Side .................. 18" Cover ....................... 15.75 .... .4.0 ....... 5.5 
6" Pot on Side .................. 36" Cover ......................... 1.5 ....... 2.25 ..... 3.0 
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