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INTRODUCTION 

An important focus of paleopedology is the recon- 
struction of past environments. In particular, consider- 
able interest in ancient (mostly pre-Quaternary) soils 
has appeared since the last paleopedology symposium 
(Yaalon, 1971), with an emphasis on paleoenvironmen- 
tal reconstruction (e.g. Retallack, 1990). A significant 
amount of current research uses soil-like features in the 
sedimentary record as stratigraphic marker zones, as 
evidence to infer past environmental conditions, and 
as a basis for paleo-geomorphic interpretations by 
applying the principles of soil geomorphology and 
pedology to paleosols. Some investigators view the 
classification of paleosols as an important step in their 
interpretation (Mack et al., 1993; Retallack, 1993, 1994; 
Nettleton et al., 1998). Classification of these ancient 
soils can serve several useful purposes: to order the 
profiles that have been described, to provide initial 
descriptive information, and as a convenient short- 
hand reference. 

A more contentious issue is use of the U.S. soil 
taxonomy as a direct indicator of past environments 
(e.g. Fastovsky and McSweeney, 1987). Soil taxonomy 
was developed primarily for agricultural, mapping, and 
land use purposes and is based on a number of present 
soil-forming conditions and processes. The problem 
with using soil taxonomy for ancient lithified soils is 
that classification to even the great group level (even to 
order level in some cases, e.g. Aridisols) requires that 
the nature of the soil-forming paleoenvironments must 
be known first. The system is based entirely upon 
diagnostic terms that require knowledge of current, 
observable conditions of the soil and its local environ- 
ment. However, ancient soils often do not preserve the 
information required to assign diagnostic terms used in 
soil taxonomy due to diagenetic overprints in the sedi- 
mentary rocks. If diagnostic terms cannot be assigned 
because these soil conditions cannot be determined, 
then further classification using the soil taxonomy is 
groundless. In this paper we argue that the system 
simply does not permit the classification to be used to 
infer past environments. 

Some paleopedologists use terms and concepts taken 
directly or modified from soil taxonomy (Retallack, 

1990; Lehman, 1989; Mack et al., 1993). These applica- 
tions of the soil taxonomy improve communication 
only when the assumptions used as the basis for the 
taxonomy also can be made for the ancient sedimen- 
tary record (Soil Survey Staff, 1975). Classification of 
paleosols has precisely the same utility as classification 
of sediments and sedimentary rocks. Clearly, there is 
demand for classification systems that can be applied 
to paleosols, including quaternary and pre-quaternary 
buried, relict, and lithified soils (e.g. Mack et al., 1993; 
Nettleton et al., 1998). By classifying these soils, how- 
ever, we must ask the larger questions: (1) how useful is 
the U.S. soil taxonomy for classifying lithified soils, 
(2) can the U.S. soil taxonomy be used without access 
to past (diagnostic) soil conditions without violating 
the underlying principles on which it is based, and/or 
(3) more broadly, which system, if any, is best for 
application to such profiles? 
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INTERPRETIVE APPROACHES IN 
PALEOPEDOLOGY 

A review of the literature shows that geoscientists 
working with pre-quaternary soils use paleopedology 
to construct ancient environments chiefly in two ways. 
In the first way, soil-like sequences found in the sedi- 
mentary record serve to identify the stratigraphic posi- 
tion of ancient land surfaces and to correlate facies 
changes within rock-stratigraphic units. Once identi- 
fied, the paleogeography of stable land surfaces can be 
interpreted together with the facies changes of sedi- 
ments that accumulated on and adjacent to them. 
Examples of such a use of paleosols is that of Bown and 
Kraus (1981, 1987), Kraus (1987), Sigleo and Reinhardt 
(1988), and Kraus and Asian (1993). These studies use 
paleosols (including lateral variations) and sedimen- 
tologic characteristics to interpret the processes and 
paleogeography of ancient floodplain construction. 
Such work represents an extension of quaternary 
paleopedology to the pre-quaternary sedimentary rock 
record in those places where it is based on accepted 
soil-geomorphic principles that seek to explain the 
variability of modern surface soils over contrasting 
landscapes (Ruhe, 1956; Ruhe and Walker, 1968; 
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Daniels et al., 1971; Conacher and Dalrymple, 1977; 
Valentine and Dalrymple, 1976; Jenny, 1980; Birke- 
land, 1984). 

A second way pre-quaternary paleosols are used by 
geoscientists is described by Retallack: '(This) approach 
to interpreting paleosols is to identify them within 
a soil classification and compare them to modern 
soils .. . '  (Retallack et al., 1990, p. 1325; see also Retal- 
lack, 1993). Retallack refers to this approach as 'taxo- 
nomic uniformitarianism' (1994, pp. 51-53; and this 
volume). This approach involves describing the profiles 
and applying diagnostic terms to classify ancient soils, 
using the nomenclature and classification system of the 
U.S. soil taxonomy. Ancient environments and pro- 
cesses that influenced the ancient soils then are inferred 
from the classification. 

Retallack likens soil taxonomy to biological taxo- 
nomy in the sense that 'identification of a paleosol 
within a modern soil taxonomy may be taken to imply 
past conditions similar to those enjoyed by such soils 
today' (1994, p. 51). The problem with taxonomic uni- 
formitarianism is well stated in a recent critique by 
Fastovsky (1991, p. 182): 

'The idea that analogies can be drawn between soil 
classifications and biological classifications is mis- 
leading. Biological classifications are developed for 
their abilities to reflect genetic relationships among 
organisms. The assumption underlying this is that 
there exists one true "phylogeny, the reflection of 
which is sought in the classification. Biological clas- 
sifications are hierarchical because the character dis- 
tributions in nature that they reflect are likewise 
hierarchical. Established soil taxa, however, have no 
single, inferred historical and genetic connection, 
such as is presumed to exist among organisms. In- 
deed, soil classifications have been developed for 
multiple purposes and impose an arbitrary typologi- 
cal system upon natural continua of overlapping 
processes. Because of this, soil taxonomies do not 
have the predictive power inherent in biological 
classifications'. 
Relatively few specific soil features or types of surface 

or buried soils are related to unique or easily identified 
environments of formation. Most soil taxonomic terms 
are influenced by all of the soil-forming factors, not just 
climate and organisms (which are of most interest in 
paleopedology). Aroillic horizons, for example, occur 
throughout North America, from coast to coast and 
from Mexico to Canada. Specific soil orders with 
argillic horizons range in environmental setting from 
aridisols to ultisols. Clay illuviation can be due to 
lessivage in response to moist forested environments 
(and under a wide array of tree species and under 
a wide variety of climates) or the translocation of 
clay-rich dust in response to irregular precipitation 
grasslands and deserts. Additionally, we often en- 
counter incomplete, polygenetic or 'cumulate' soils (e.g. 
see Marriott and Wright, 1993) whose features are 
difficult to associate with a definite soil-forming envi- 
ronment because the soils have gone through two (or 

more) different phases of pedogenesis under different 
conditions. 

DISCUSSION 

Problems of Post-burial Alteration 

The problem with applying diagnostic h0'rizon terms 
to both modern and ancient soils is that post-burial 
diagenetic processes confuse an interpretation based on 
modern pedogenesis. In order to identify diagnostio 
surface horizons in an ancient soil one has to be certain 
that the properties were formed at the land surface and 
are not the result of post-burial diagenesis. We offer 
that this is the case only in a few instances to date. 

Recent work by Patterson and others (1988, 1990) in 
Eocene floodplain settings of Wyoming suggests that 
differences in lithology can create diagenetic pathways 
that mimic soil horizonation. Walker and others (1978) 
show that pellicular clay coatings that mimic argillans 
can form through infiltration below the zone of soil 
formation. Even a few thousand years of burial is 
enough to deplete much of the original organic carbon 
from the A-horizons of many late Pleistocene-Holo- 
cene soils (Dahms, 1994; Holliday, 1988). Thus, a num- 
ber of processes can either mimic, block, or otherwise 
interfere with our ability to see through the 'veil of 
diagenesis' (Patterson et al., 1990, p. 845) to past envir- 
onmental conditions (also see Blodgett, 1988; Nesbitt 
and Young, 1989; Patterson, 1991). 

To classify ancient soils according to the orders, 
suborders, or great groups of soil taxonomy is to risk 
compounding the interpretive error. The problem may 
be the greatest when interpreting soils influenced by 
aquic moisture regimes. For example, the designation 
aquept requires detailed information about how long 
a soil remains saturated during the year, information 
that is simply not available for ancient soils. Further- 
more, calling an ancient soil an aquept (Retallack, 1990, 
Fig. 4.11, p. 85) implies that present oxidation-reduc- 
tion states resemble those of the past. But, analysis of 
modern mineral oxidation states and redox calcu- 
lations cannot proxy for ancient conditions even if we 
could reconstruct diagenetic pathways more directly. 
In the case of buried soils in floodplain environments, it 
should be very hard to tell pre-burial aquic conditions 
from aquic conditions produced by diagenesis. Redoxi- 
morphic features often will change over time as pH and 
local hydrologic conditions vary (Vepraskas, 1992), so 
that one must account for the transience of Eh-pH condi- 
tions when assigning taxonomic terms that by definition 
signify the presence of differing redox conditions. We 
question the validity of environmental interpretations 
that infer such transient conditions without verification. 

Use of Soil Taxonomy to Classify Paleosols 

Judged by the number of current efforts at classifica- 
tion in North America (e.g. Retallack, 1990; Mack et al., 
1993; Nettleton et al., 1998), a taxonomic scheme for 
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both unconsolidated and lithified buried soils can be 
useful in paleopedology. The concepts underlying the 
diagnostic horizons used in soil taxonomy are certainly 
applicable to paleopedology. It is not necessarily 
wrong to apply modern terminology to old soils as 
taxonomic terms can be useful for descriptions. Sedi- 
mentologists often apply the same terms to old and 
modern sediments. Likewise, we do not object to ap- 
plying diagnostic terms from soil taxonomy to pur- 
ported ancient soils. For example, argillic is a perfectly 
reasonable term to use if the point is that there is 
a significant amount of illuvial clay. The problems arise 
with interpretations of illuvial processes. 

We consider the approach of using classification to 
infer former environment as exemplified by Retallack's 
voluminous body of work to be misleading for a num- 
ber of reasons. Soil Taxonomy is meant to be strictly 
descriptive. It is intended for use with surface profiles 
and so requires soils to be classified according to their 
present (and strictly observable or measurable) 
physical and chemical properties. Soil taxonomy was 
created mainly for practical applications, e.g. rational- 
ization of land management, crop suitability, and soil 
conservation (Soil Survey Staff, 1975; Brasfield, 1984; 
Smith, 1986). These purposes required a system of soil 
classification based on simple, well-defined soil charac- 
ters, many of which can be recognized easily in the field. 
Consequently, only general, broad characters are con- 
sidered. For soil taxonomy, only the percentage in- 
crease in clay content is needed for designating the 
argillic horizon. On the other hand, scientific pedology 
(to which paleopedology belongs) requires a collection 
of all data on particle translocation within the profile to 
infer the processes of soil formation. Soil taxonomy 
also is based on a key. If one does not follow the key 
rigorously, major taxonomic mistakes may occur. It is 
often impossible to follow this key when using ancient 
soils, as data required for the nomenclature (e.g., tem- 
perature and moisture regimes) occur at a very high 
taxonomic level (e.g., aridisols). Temperature and 
moisture regimes are, in a sense, attached to other soil 
characteristics for soil taxonomy. These regimes can 
only be inferred for paleosols. 

The developers of soil taxonomy state that the objec- 
tive of the system is 'to have ... classes that permit us to 
understand ... the relationships between soils and also 
between soils and the factors responsible for their char- 
acter' (Soil Survey Staff, 1975, p. 7). Though they may 
have wished that the system ultimately to be used to 
infer soil-forming conditions and how soils are linked 
to environmental factors, soil taxonomy was designed 
first and foremost for soil survey, mapping, and land 
use. The taxonomy, above all, is based on soil proper- 
ties, not inferences regarding genesis. The focus on 
properties comes through repeatedly in soil taxonomy 
and in the more recent keys to soil taxonomy as well as 
in discussions of the system (e.g., Grossman et al., 1984, 
especially the paper by Bartelli, 1984). Guy Smith, the 
'father' of the system was explicit on this point: 'The 
philosophy of soil taxonomy is that a soil should be 

classified according to its own properties, and not by 
those that are presumed to have existed at some time in 
the past' (Smith, 1986, p. 17). Interpretations of genetic 
specifics were avoided as much as possible. 

Several examples help to illustrate our points. A- 
horizon properties often are transient following burial. 
Characteristics such as organic matter content and 
pH can be altered by burial after a few thousand or 
even a few hundred years (e.g. Holliday, 1988). In soil 
taxonomy surface horizons are designated mollic, um- 
bric, or ochric, and are differentiated on the basis of 
organic carbon content, base saturation, thickness, and 
color (Soil Survey Staff, 1975) that can be directly 
observed or measured. Use of these diagnostic terms 
for ancient lithified soils (e.g. Retallack, 1993, Fig. 1) is 
misleading if the characteristics used to define them 
were permanently altered after burial and, thus, are 
unrecoverable. 

Retallack (1988, p. 9; 1990, p. 369) presents granular 
structure as essentially diagnostic of mollic epipedons 
and mollisols. Granular structure, however, is not 
unique to mollic epipedons nor to A-horizons (Buol 
et al., 1989). Retallack (1983b, pp. 39, 43), for example, 
describes granular structure in C-horizons of paleosols 
in the South Dakota Badlands. Moreover, mollisols are 
classically the soils of grasslands, but because of the 
way soil taxonomy is designed, they are not exclusive 
to grassland soils. In the same sense, mollic epipedons 
are permitted in the classification of inceptisols, alfisols, 
ultisols, and vertisols. 'The objective of including soils 
formed under grass vegetation in the mollisol order 
does not hold true in all cases nor do the mollisols 
include only soils found under grass' (Bartelli, 1984, 
p. 10). All that is required for the mollic epipedon to 
form is high organic matter production and retention 
in a high base status setting. To identify granular struc- 
ture and use this as a direct indicator of some form of 
mollisol requires considerable interpretive leaps. 

The application of diagnostic subsurface horizon 
terms of ancient soils can lead to similar misinterpreta- 
tions. Diagnostic subsurface horizons also are de- 
scribed from presently observable or measurable soil 
properties, not what these properties might have been 
in the past. We may have to make some subjective 
interpretation of the presence or absence of clay illuvi- 
ation to identify a Bt or an argillic horizon, but an 
understanding of the specific processes and conditions 
responsible for illuviation are expressly not required. 
The designation aroillic denotes that clay has been 
translocated (Soil Survey Staff, 1975; Brasfield, 1984). It 
is based on supporting evidence from grain-size data 
and from thin sections. Thus, to call a subsurface hor- 
izon argillic is to say that it exhibits specific properties 
that require translocation of clays (usually fine days), 
usually, from the A- or E-horizons (Brasfield, 1984). 
Often buried quaternary soils have had their A-hor- 
izons stripped during erosion associated with burial 
processes. No evidence of an A-horizon's presence 
exists, once burial has occurred, except an erosional 
unconformity. A-horizons also may be destroyed after 
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burial during a period of diagenesis and loss of organic 
matter. This problem is often seen in buried soils in 
Quaternary loss units. In this case, materials of the 
A-horizon may still be present, but without organic 
matter it is difficult to call this buried horizon an 'A'. It 
is possible, however, to detect argillic horizons in mod- 
ern eroded soils by comparing clay content in B with 
that in C, from the presence of oriented clay films or 
from papules. 

Bt and argillic horizons as well as Bs horizons fre- 
quently are identified in the paleosol literature on the 
basis of having high clay content or being iron-rich 
(Retallack, 1990, pp. 110-111, 402). Such clayey zones 
then are used to infer the presence of alfisols and to 
reconstruct forest vegetation (Retallack, 1986, pp. 25, 
37). 'Soils of young land surfaces ... support early 
successional vegetation and have only an organic (A) 
horizon over mildly weathered parent material (C-hor- 
izon) ... A full sequence of horizons (A-Bt or Bs-C) is 
formed under mature woody vegetation' (Retallack, 
1988, p. 8). We question the necessary association of 
vegetation successional maturity with soil horizona- 
tion. For example, is it not possible to have an A-C or 
A-Bw-C with mature woody vegetation as well? In the 
same sense, Lehman (1989) discusses the presence of 
argillic, cambic, spodic, and petrocalcic horizons and 
their origin in upper cretaceous paleosols under 
woodlands in Trans-Pecos Texas. Lehman assigns 
diagnostic horizons simply from the presence of clay-, 
iron-oxide-, and carbonate-enriched zones, and com- 
pares the paleosols to modern alfisols. As Patterson 
et al. (1990) point out, Lehman's interpretations do not 
account for the effects of diagenetic alterations on the 
floodplain strata. Generalizations such as these grossly 
oversimplify and even distort the complex relationship 
between soils, landscapes, vegetation, and time. There 
are neither indications that the clay is necessarily il- 
luvial, nor data to show that the sesquioxides and 
carbonates are pedogenic. These interpretive leaps are 
misleading. In any case, an argillic horizon is not neces- 
sarily 'clayey' because it may also be silty, sandy, or 
even gravelly. And as noted above, soils with argillic 
horizons are found in an extremely wide variety of 
environments that include forests, grasslands, and 
deserts. 

Reider (1982, 1987, 1990) classified buried soils at 
archeological sites in Colorado and Wyoming and then 
used the classifications to make paleoenvironmental 
interpretations. For example, a buried soil at the 
Homer site, Wyoming, was classified as a calciaquoll 
(Reider, 1987, pp. 352-353). Because calciaquolls, in 
particular, and aquolls in general are now common in 
eastern North Dakota, northern South Dakota, and 
western Minnesota, Reider (1987, p. 355) proposes that 
the environment at Horner 7000 yr. BP was therefore 
similar to the present environment of the eastern 
Dakotas and Minnesota. Two problems exist with this 
interpretation. First, the entire section with the buried 
soil has secondary carbonate, however (used as a cri- 
teria to assign the aquoll to the calci-Great Group), 

raising the possibility that the carbonate in the buried 
soil is a post-burial phenomena. Second, aquolls 
require only poor drainage with high production of 
organic matter, conditions that can occur in a wide 
variety of settings as long as the water table is high. The 
point here is that paleoenvironmental re-construction 
is problematic in aquic soils. Paleoenvironmental inter- 
pretations apparently are easier to deal with in well- 
drained soils. 

We consider work such as that of Kraus (1987; 
Kraus and Bown, 1988; Kraus and Asian, 1993) on the 
alluvial paleosols in northwestern Wyoming to be 
a more effective use of paleosols to illuminate past 
environments. The lateral and vertical relations of 
ancient soil-like features were studied to identify what 
is termed pedofacies in various eocene fluvial environ- 
ments. This work used concepts of soil development at 
different positions in the ancient fluvial environment to 
indicate the position of hydrocarbon traps. Kraus also 
used the concept of pedogenic maturity to interpret 
relative sediment accumulation rates in ancient 
floodplain environments. For example, more weakly 
developed (immature) soils were found where sedi- 
mentation rates were rapid near channel margins and 
crevasse splays; mature (strongly developed) soils were 
found most often at distal floodplain locations where 
sediment accumulates more slowly. Categories of ma- 
turity were then used to interpret the local and regional 
alluvial subenvironments. Through this approach 
sedimentologic and stratigraphic observations can be 
directly traced to landscape processes of the past and 
used to infer geomorphic processes that affected the 
surfaces on which ancient soils developed. In this work, 
no environmental conditions are inferred from the clas- 
sification, as it is used only as a reference for ordering 
the data. 

Fastovsky and McSweeney (1987) also use the con- 
cept of pedogenic maturity to interpret a suite of 
paleosols developed in cretaceous-paleogene fluvial 
deposits in eastern Montana and western North 
Dakota. They infer a uniformity of soil processes across 
this fluvial landscape by using pedogenic features such 
as root traces and micromorphologic features to con- 
clude that immature soil profiles developed predomi- 
nantly in response to gleization and podzolization 
processes in an unstable fluvial setting. Fastovsky and 
McSweeney use mostly the same methods as do Retal- 
lack and Lehman to infer the presence of soil profiles in 
the rock record. The difference is that, unlike Retallack 
and Lehman, their work does not rely on typo- 
logical designations to infer environmental conditions. 
Fastovsky and McSweeney avoid 'typological designa- 
tions based upon modern classifications ... because of 
(a) the incompleteness of the database, (b) the inter- 
pretive limitations of such an approach, and (c) the 
design and intent of modern soil classifications' 
(Fastovsky and McSweeney, 1987, p. 66). They also 
note (pp. 66-67) that the use of modern classifications 
limits our ability to recognize ancient soil types that 
have no modern counterparts, so that as 'Retallack has 
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noted (1981, p. 73) Fossil soils should not be strained to 
fit into classifications of modern soils, as some kinds of 
soils once formed on the earth are now extinct'. 
Whether soils once existed that have no modern 
counterparts or did not, the design of soil taxonomy 
has been simply to order those soils that exist on the 
present landscape; it is not constructed to translate 
ancient environmental conditions to geoscientists of 
the 20th and 21st centuries. 

CONCLUSIONS 

Classifying buried or lithified soils has the same 
utility as classifying sediments and sedimentary rocks, 
and there is demand for classification systems that can 
be applied to ancient soils (e.g. Retallack, 1990; Mack 
et al., 1993; Nettleton et al., 1998). We think the Mack 
system is a step in the right direction, though we dis- 
agree with taking terms for some of the soil orders 
directly from soil taxonomy. We think the use of sim- 
ilar terms for buried, lithified, and modern soils will 
cause confusion between those familiar with traditional 
soil classification (pedologists and quaternary geo- 
scientists) and those using the Mack system (pre-quater- 
nary geoscientists). Workers almost certainly will use 
the same terms in different ways, but may not realize 
this. Use of the same terms for differing situations may 
impede the kind of communication that soil classifica- 
tion was developed to promote among various groups 
of scientists (Cline, 1961). Mack et al.'s classification 
certainly is worthy of being applied in order to test its 
suitability to various burial and diagenetic situations, 
as well as the utility of its nomenclature. The utility of 
any classification system ultimately is determined by 
the people who use it. 

Many modern soil features simply do not survive 
into the rock record and cannot be direct analogues to 
ancient soils (Yaalon, 1971). Even persistent soil prop- 
erties are modified by diagenesis following burial 
(Mack et  al., 1993; Retallack, 1981, 1990). Nevertheless, 
many studies continue to apply to ancient soils diag- 
nostic terms from soil taxonomy that require prior 
knowledge of soil conditions or transient weathering 
processes for their use. 

The application of soil taxonomy to ancient soils 
in the absence of information concerning diagenetic 
changes in their physical and chemical characteristics is 
an incorrect use of the principles underlying the soil 
taxonomy and paleopedology. Ancient soil character- 
istics often are not (or cannot be) traced through 
intervening diagenetic overprints. Fastovsky ( 1991) ob- 
served that ancient soils can tell us something of past 
climates, 'but exactly what  is not always clear' because 
many ancient soils are the result of non-unique path- 
ways and only one of several possibilities can be cor- 
rect. It follows that diagnostic horizon nomenclature 
cannot be applied to ancient soils without direct evid- 
ence of soil forming conditions. To use taxonomic 
classes and later infer soil-forming conditions from the 

classes is to misuse the system of soil taxonomy and 
ignore the intervening diagenetic processes that link 
ancient soils to the rock units in which we find them 
today. 

Soil taxonomy actually is an end product of environ- 
mental reconstruction. After having studied the 
physical and chemical characteristics of a buried soil, 
separated diagenetic from original pedogenic process 
imprints, and formulated an idea of how the soil for- 
med, one may offer an environmental interpretation 
concerning soil temperature and precipitation regimes, 
and possibly even vegetation. For example, one might 
infer that a certain soil was some kind of aquept.  The 
point is this: we can try to classify buried and or 
lithified soils; but a proper classification according to 
soil taxonomy requires environmental interpretation 
first. We cannot classify paleosols in order to interpret 
them. Classification can be a starting point for inter- 
pretation by providing a descriptive focus, and some 
components of the soil taxonomy can serve such a pur- 
pose; but clearly the environmental interpretations 
cannot be based on the classification. 
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