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Abstract: Fluvial geomorphologists and stream restorationists often assume that pre-
Columbian land use in parts of North America was relatively ineffective in accelerating 
slope erosion and floodplain sedimentation, and that erosion and sedimentation initiated 
by European settlement was sudden and substantial. Both of these beliefs, which under-
lie concepts of natural streams and legacy sediment, are in conflict with recent reassess-
ments by cultural geographers, anthropologists, geoarcheologists, and paleoecologists 
with regard to substantial environmental impacts of pre-Columbian American Indians. This 
review paper evaluates assumptions of pristine landscapes and European disruption from 
a geomorphic perspective, i.e., with regard to fluvial erosion and sedimentation rates. This 
view is a departure from the usual emphasis on ecological or cultural landscape impacts. 
Geoarcheologic and sedimentologic evidence indicates that the potential for geomorphic 
change with land-use practices utilized by European settlers was potentially very effec-
tive in producing erosion and sedimentation in Anglo America. This can be explained by 
advanced technologies and economic incentives that increased the ability and motivation 
to rapidly clear land, plow deeply, mine, and exploit resources. A general lack of evidence 
of rapid sedimentation prior to the time of European contact implies that pre-Columbian 
agriculture was not highly disruptive geomorphically, although exceptions were likely in 
time and space, so this premise needs to be tested by careful study of pre-contact allu-
vial sequences. Examples from northern California and the southeastern Piedmont support 
this interpretation by documenting geomorphically stable conditions followed by episodic 
fluvial sedimentation after colonization. [Key words: land use change, pristine myth, pre-
Columbian landscape, prehistoric erosion, sedimentation rates, human impacts, fluvial 
geomorphology.]

INTRODUCTION

Debates about environmental impacts propagated by agricultural clearing, intro-
duction of domesticated grazing animals, the use of fire, mining, or other land-use 
changes often focus on changes broadly defined by ecological, biological, or land-
scape alterations. These changes have been described in terms of a humanized (cul-
tural) landscape, including the effects of deforestation, plant manipulation, burning, 
earthworks, dark earth accumulations (terra preta), and wildlife changes (Dene-
van, 2006). From this perspective, a growing number of geoarcheologists, cultural 
geographers, and anthropologists have challenged two assumptions about human 
impacts on landscapes in the Americas: the pristine myth and the myth of colonial 
devastation. Both assumptions are commonly made by geomorphologists whose 
thinking may, therefore, be in conflict with prevailing concepts in anthropology, 
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cultural geography, and geoarcheology. For example, concepts of “legacy sediment” 
that have gained momentum in geomorphic studies are predicated on the assump-
tion of an abrupt change in geomorphic process rates after European contact. Thus, 
they assume relatively benign pre-Columbian sediment production and a substantial 
impact by European settlement. 

The assumption of unaltered pre-European landscapes, referred to as the “myth of 
the pristine pre-Columbian landscape” (Denevan, 1992b) is often based on idyllic 
notions of primitive societies as the noble, primitive savage living in harmony with 
nature (the “Eden fallacy”). These concepts are widespread and deeply rooted in 
writings dating back to before the pioneer period (Krech, 1999; Mann, 2005). The 
assumption of benign anthropogenic impacts has been challenged with evidence of 
high pre-Columbian population densities, intensive agriculture, and extensive eco-
logical changes (Butzer, 1990; 1996; Denevan 1992a; 1992b; 2003; Doolittle 1992, 
2000; Whitmore and Turner, 2002; McAndrews, 1988). Descriptions and critiques 
of the pristine concept have been covered by several reviews, books, and volumes 
(Krech, 1999; Redman, 1999; Lentz, 2000; Mann, 2005; Harkin and Lewis, 2007). 
Patterns and degree of landscape change are difficult to fully resolve because few 
written contemporary descriptions exist of landscapes prior to a postulated decima-
tion of populations by disease. Moreover, great uncertainties surround pre-contact 
population estimates for Anglo America (Thornton, 1987; Denevan, 1992a, 1992b). 
The debate over humanized landscapes has been polarized by assertions of either 
entirely pristine or humanized landscapes with too little regard for spatial variability 
or scale (Vale, 2002). Certain regions of North America may be exceptions, particu-
larly the interior western United States and remote alpine areas (Vale, 1998, 2002). 
The prevailing view is that many regions of North America at the time of the arrival of 
Spanish explorers were humanized landscapes with a strong cultural and ecological 
imprint of native Americans. 

Is it accurate to extend the concept of highly anthropogenic landscapes beyond 
cultural and ecological impacts to geomorphic impacts? Before a model of substan-
tial and geographically extensive geomorphic change by pre-Columbian cultures in 
the New World is accepted, evidence of geomorphic change should be produced 
that goes beyond inference drawn from ecological changes. Several studies have 
documented pre-Columbian geomorphic change in Meso-America (Butzer, 1992; 
Beach et al., 2002), but relatively few studies have documented substantial off-site 
sedimentation impacts of pre-Columbian agriculture in temperate or continental 
 climates of North America farther north. Doolittle (1992, 2000) provides detailed 
information about on-site, micro-scale, morphological features of pre-contact agri-
cultural fields, but evidence of substantial off-site impacts from agricultural erosion 
remains elusive. The intensity and disruptive nature of land clearance and subsequent 
erosion and sedimentation varied greatly through space and time since the advent of 
agriculture, so interpretations of evidence should not be broadly extrapolated.

A second assumption that is commonly made is that European settlement invariably 
generated rapid, episodic environmental degradation. The universality of this “myth 
of devastated colonial landscapes” has also been challenged (Butzer, 1992, 1996). 
Under stable socioeconomic conditions, land-use conservation practices tended to 
emerge in European cultures that compensated for the increasing  technologic and 
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economic potential to generate erosion. In some cases, these practices were car-
ried to the New World. For instance, an argument can be made for a dichotomy 
between the impacts of Spanish conquest and colonization in Meso-America and 
the American Southwest versus areas of North America settled by Anglo Europeans 
(e.g., Butzer, 1990). Thus, a distinction between cultural groups of settlers may be 
warranted with regard to the question of European impacts.

Geomorphic versus Landscape Change

Clearly, the presence of humanized landscapes was long underrated in North 
America owing to underestimates of pre-Columbian populations and agricultural 
activity levels (Denevan, 1992b, 2003). Yet, ecological changes do not always trans-
late into pronounced geomorphic responses in the form of episodic erosion and sed-
imentation. To evaluate the geomorphic impacts of land use, a distinction is needed 
between changes in landscape, vegetation structure, or species composition, versus 
geomorphic changes such as those associated with sheet erosion, rilling, gullies, 
mass wasting, and sedimentation. Ecological effectiveness, based on sustainable and 
biological definitions of ecology (e.g., Krech, 1999; Harkin and Lewis, 2007), must be 
distinguished from geomorphic effectiveness of indigenous cultures based on large-
scale erosion and deposition. The concept of geomorphic effectiveness has been 
variously defined in terms of dominant land-forming events or dominant sediment-
transport events (Wolman and Miller, 1960; Wolman and Gerson, 1978). Here, the 
geomorphic effectiveness of human activities is used broadly to include increases in 
rates of sediment production, sedimentation, and related landforms such as gullies, 
alluvial fans, vertically accreted floodplains, canals, and anthropogenic terraces. 
Soil erosion episodes generated suddenly by the introduction of European agricul-
ture, forest clearance, and mining are well documented in certain regions of North 
America. How common were these episodes prior to European settlement, however, 
and did they occur immediately and unfailingly with European settlement?

Questions of pre-Columbian geomorphic process rates and European geomor-
phic disturbances are not merely academic musings. Many modern environmental 
policies are explicitly formulated around restoration to natural conditions, and these 
questions have a great bearing on what is considered natural. In the United States, 
the goal of the Clean Water Act is to restore and maintain the chemical, physical, 
and biological integrity of the waters of the nation. Similarly, wilderness preservation 
in the United States is based on a legal definition of “wilderness” given in the 1964 
Wilderness Act as “ … areas where the earth and community of life are untrammeled 
by man” (Public Law 88-577). Yet, if anthropogenic impacts are pervasive, where do 
such areas exist (Mann, 2005)? 

This synthesis paper addresses geomorphic impacts of agriculture and land-use 
practices in Anglo America, i.e., areas of North America settled by colonists of Anglo 
European descent, primarily the contiguous United States and Canada. These regions 
may have differed in fundamental ways from other areas of North America such as 
in Mexico, Central America, or the Caribbean. Contemporary land-use technologies 
are reviewed along with associated erosion and sedimentation that occurred before 
and after colonization by European settlers. Pre-Columbian agricultural technologies 
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in the New World are contrasted with post-European technologies and the argument 
is made that this contrast indicates a substantially greater geomorphic potential of 
post-colonial land use in many areas of Anglo America. Direct evidence is limited 
for pre-Columbian anthropogeomorphic impacts on fluvial and aquatic systems in 
many areas of North America settled by Anglo Europeans. This is contrasted with 
abundant evidence of European-induced geomorphic change. The paper closes with 
field evidence from two locations in the USA—a large river in northern California 
and a small watershed in the southeastern Piedmont—that show evidence of low 
sedimentation rates followed suddenly by catastrophic sedimentation after arrival of 
European settlers.

CONTRASTING TECHNOLOGIES

Contrasts between pre-Columbian and European land-use practices in North 
America are a central premise of this paper. This section outlines (1) development of 
agricultural and other technologies in Eurasia that greatly increased the geomorphic 
potential of land use, (2) limits to anthropogeomorphic change in pre-Columbian 
North America, and (3) impacts resulting from the introduction of European tech-
nologies to temperate North America. In the Old World, the dominant agents of 
early Neolithic soil erosion were land clearance, grazing, and fires (e.g., Butzer, 
1982; Van Andel et al., 1990). Land clearance and fire were also important in early 
New World agriculture, but large grazing animals were not domesticated prior to 
 European contact. Anthropogeomorphic processes accelerated with agriculture as 
groups became adept at clearing land and attained higher population densities. 
Hydrogeomorphic responses to land-use change varied with the intensity and timing 
of land-use changes, climate, position within watersheds, geologic character, and 
history of watershed and channel systems (Brierley et al., 2005). Intensive deforesta-
tion and agriculture tended to increase runoff, susceptibility of landscapes to soil 
erosion, and sedimentation (Knox, 2001). Based on a quantitative global survey of 
soil erosion data, Montgomery (2007) estimated that upland erosion and sediment 
production rates increased an average of one to two orders of magnitude under 
conventional plowing. In extreme cases, river systems responded with aggradation-
degradation episodes and channel and floodplain metamorphosis (James, 2010). 

Intensification of Land Use in Eurasia

Evidence from alluvial archeology reveals substantial anthropogenic landscape 
change during the Holocene in much of Eurasia (Europe, Asia, and North Africa). 
Agricultural technology advanced far beyond other regions owing to the lack of geo-
graphic barriers (Diamond, 1997). High geographic connectivity allowed the rapid 
spread of ideas and materials through dispersion, migration, and conquest. Agricul-
ture and trade spread rapidly in prehistory westward from Asia (Hobson, 2004) and 
from the Mediterranean to northwestern Europe (Cunliffe, 2008). A high rate and 
number of migrations and conquests from Asia, the Middle East, and across Europe 
occurred in prehistory and rapidly spread technologies. For example, the Danube 
River provided a corridor from the Aegean Sea into central Europe through which 
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early Neolithic agriculture spread about 1500 km in 500 years between 7500 and 
7000 BP (Cunliffe, 2008). Areas such as the Americas, Australia, and sub-Saharan 
Africa were isolated by oceans, deserts, mountains, tropical rainforests, or other 
geographic barriers that inhibited the spread of technology and domesticated plants 
and animals. The tropics harbored diseases that were devastating to Europeans, and 
other pathogens plagued their cattle (Diamond, 1997). 

Strong geographic interconnectivity in Eurasia and early developments in trans-
portation technology resulted in voluminous commerce across large areas. Advent 
of the wheel and seaworthy ships led to inter-regional transport of massive quantities 
of agricultural products, timber, ore, and other resources. Horses had been domes-
ticated by 5500 BP and began to replace or augment oxen for transporting freight 
(Cunliffe, 2008). Draught animals facilitated transport of goods to markets and 
 harbors where surpluses could be traded and exported. Distant markets increased 
incentives to clear land and raised the potential for episodic upland erosion and low-
land sedimentation. Further technological developments, such as the harness, steel 
plow shares, heavy wheeled plows, machinery, and explosives, enhanced the poten-
tial geomorphic effectiveness of agriculture and mining in Eurasia. For instance, sed-
imentation in the eastern Mediterranean during the Roman Period was particularly 
erosive (e.g., Beach and Luzzadder-Beach, 2008).

Land clearance was greatly facilitated and encouraged during the Mechanical 
Revolution with the development of water power. Water wheels proliferated across 
Europe during the Middle Ages, initially for grist mills, but also for a growing list of 
uses including saw mills that expedited timbering. European technology became 
highly effective at forest clearance, deep plowing, and mining, and this led to 
increasing production of grain, timber, and ore. By the Middle Ages, many European 
basins had already experienced multiple episodes of forest clearance, erosion, and 
sedimentation (Lang et al., 2003; de Moor et al., 2008). The rise of mercantilism in 
Europe during the colonial period further increased the potential for geomorphic 
effectiveness by motivating aggressive extraction and export of natural resources. 

Agricultural Technology and Geomorphic Impacts in Pre-Columbian North America

Anthropogenic influences in North America had begun by 11,000 BP (Taylor et 
al., 1996; Waters and Stafford, 2007). As in Eurasia, however, early humans in North 
America had low population densities and minimal effects on geomorphic change, 
other than their impacts on grazing animals and the use of fire. During the mid-
Holocene, human activities were influenced by climate changes associated with 
the Altithermal, which were highly variable in space and time across North America 
(Dean et al., 1996; Meltzer, 1999). With the domestication of corn and squash and 
the spread of agriculture, population densities and land-use intensities grew, social 
hierarchies emerged, and, in some places, urban centers developed. For much of the 
20th century, it had been presumed that pre-Columbian landscapes in the Americas 
were pristine and undisturbed by human activities. Modern studies, however, docu-
ment extensive ecological and cultural changes to the Pre-Columbian landscape by 
sophisticated field cropping and irrigation methods (Doolittle, 2000; Whitmore and 
Turner, 2002; Denevan, 2003). These practices led to an anthropogenic landscape 
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prior to the colonial period (Butzer, 1990; Redman, 1999; Delcourt and Delcourt, 
2004). Agricultural societies usually have substantial ecological imprints on the 
environment, but questions remain about the degree and manner in which these 
impacts extended to geomorphic responses and how this varied in time and space 
(Brierley et al., 2005). 

Although agriculture began early in multiple hearths of the Americas, and advanced 
societies emerged with sophisticated concepts of astronomy and mathematics, the 
range of land-working tools available to indigenous groups prior to European contact 
was narrow. For example, the wheel was not utilized for transportation or machinery 
anywhere in the pre-Columbian Americas, and large draught animals had not been 
domesticated in North America (Diamond, 1997; Goudie, 2005). Thus, transport of 
timber, agricultural goods, and mining products throughout North America was lim-
ited to river routes and human portage. Land clearance was accomplished by girding 
trees with hand tools made of wood, stone, and shell, in conjunction with burning. 
Although population densities were higher and land clearance for agriculture was 
more intense than previously assumed (Denevan, 1992a; Doolittle, 1992, 2000), the 
geomorphic effectiveness of agriculture was limited by technologies that required 
large amounts of labor and often left tree stumps and root mats intact. Compared to 
the technologies introduced by Europeans, indigenous land-use practices were labor 
intensive and far less destructive to soil and slope stability. 

Spatial analyses of North American land use in prehistory are consistent in depict-
ing non-uniform patterns of agriculture and land-use intensity (Fig. 1). Not all these 
cultures or land uses were present at the time of European contact. Butzer (1990) 
differentiated between supplementary, extensive, and intensive agriculture. Supple-
mentary agriculture (not shown on Fig. 1) was practiced by foraging groups and is 
unlikely to have been sufficiently disruptive to generate much erosion or sediment. 
Butzer identified intensive land use in two regions: the eastern Pueblo culture in 
the Southwest and along the mid-Atlantic to southern New England coast. He also 
mapped other areas (not shown) as the maximum expansion of agriculture by A.D. 
1100 prior to decline. Denevan’s (1992b) map of the Western Hemisphere shows an 
“approximate limit to agriculture” in Anglo America that is largely in agreement with 
Butzer’s map and restricts substantial agricultural activity to the eastern and south-
western United States and northwestern Mexico. By these analyses, large expanses 
of Anglo North America were beyond the limits of substantial agriculture. An appre-
ciation for the spatial variability of pre-settlement land use is prerequisite to a sophis-
ticated understanding of pre-contact conditions. The following discussion outlines 
examples of cultural developments in eastern North America and California.

Eastern North America. Historical documentation of pre-Columbian agriculture 
in the eastern United States is poor, other than a few observations by early explor-
ers and settlers. Most of what is known comes from geoarcheologic or palynologic 
evidence, which tends to be much better represented in some regions than in others. 
The Archaic cultural period (~9,000–3000 BP) was associated with the spread of 
humans and occupation of most forested areas by a small, sparse population of for-
agers (Schuldenrein, 1996). The introduction of squash (Cucurbita pepo) and bottle 
gourd (Lagnearia siceraria) across eastern North America from Mexico suggests early 
horticultural experimentation between 7000 and 4000 BP (Delcourt and Delcourt, 
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1987). Tools and other cultural artifacts of this period included stone axes, spear 
throwers (atlatls), and early ceramics (Sassaman, 1996). The Woodland cultural 
period (~2000–1000 BP) was associated with the advent of pottery, increased popu-
lation densities, intensification of horticulture, and clearing of bottomland forests 
and field areas along floodplains and low terraces of large rivers. The Woodland cul-
ture had a limited geomorphic effectiveness, although some evidence of an impact 
has been detected in lake sediments. For example, analysis of two sediment cores 
from Cayuga Lake, a finger lake in New York state, indicated increased variability in 
carbonate and carbon isotopes beginning ca. 2.4 ka BP, which was interpreted as 
evidence for human clearance in the watershed (Mullins et al., 2011). By 1.6 ka  BP 
(400 AD), toward the end of the Middle Woodland period, agricultural production 
was contributing substantially to the intensive gathering economy, and large burial 
and effigy mounds were being constructed in spite of population densities as low as 
one person per 2.6 km2 (Butzer, 1990). 

The Mississippian cultural period (1000–500 B.P.) was associated with the emer-
gence of hierarchical societies, extensive trade routes, construction of cities and towns, 
planting of maize (Zea mays) and beans (Phaseolus vulgaris), and  intensification of 

Fig. 1. Pre-contact agriculture and cultural features. Sources: Agricultural limit and mounds from 
 Denevan (1992) based on Donkin (1979); extensive and intensive agriculture from Butzer (1990); 
 Mississippian Heartland from Delcourt and Delcourt (2004).
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riparian forest clearance (Delcourt and Delcourt, 1987, 2004; Butzer, 1990). The 
“Heartland” of Mississipian culture was mapped by Delcourt and Delcourt (2004) 
in the lower Mississippi, Ohio, and Tennessee River valleys, although the culture 
extended well beyond this core region as is evidenced by the distribution of mounds 
(Fig. 1). Agriculture during this period was concentrated on or near floodplains 
(Muller, 1978; Brown, 1997). Farming was based on hoes and digging sticks and 
analogous to simple Neolithic farming in Europe (Butzer, 1990; Doolittle, 2000). By 
Late Mississipian time, vegetation alteration along large river valleys was extensive. 
In the Southeast, near the end of Mississippian time, Hernando de Soto’s party of 
Spanish explorers described extensive fields of maize, beans, and squash (Doolittle, 
1992, 2000). Farther north, evidence of vegetation changes attributable to humans 
during this period has been shown by pollen and charcoal records (Clark and Royall, 
1995). Upland land clearance in small watersheds between 750 and 550 BP has 
been inferred from catchment-integrated biomass carbon sampled in cave sediment 
and speleothems (Springer et al., 2010). In southern Ontario, the introduction of 
late Holocene agriculture corresponds with Neoglacial cooling, so it is difficult to 
separate the effects of land use from climate change. Munoz and Gajewski (2010) 
concluded from pollen assemblages that the transition from deciduous to boreal 
forest was climatically driven (see Hupy and Yansa, 2009 for discussion of cooling-
related late Holocene vegetation changes in Michigan), while secondary succession 
of beech-maple forest to grasses, poplar, and waste-heap species was governed by 
human activities. Overall, land-use changes were concentrated in lowlands. In New 
England, for instance, historical and paleoecological evidence indicate that pre-con-
tact disturbance to uplands was minimal (Foster et al., 1998). 

The most intensive land use began in relatively flat lowland sites, although wood 
collection near some population centers moved upslope after a period of time, and 
some degree of upland erosion is likely in limited areas of intensive land use. Cahokia, 
a major center of Mississippian culture (Fig. 1), provides an extreme example of a 
cultural landscape in the east. Populations at Cahokia peaked around 700 BP at 
~25,000 persons in a 300 km2 area (83.3 persons per km2) (Delcourt and Delcourt, 
2004). Populations declined until 525 BP and the center was abandoned by 500 BP, 
before European contact. Preferred settlement sites of the Mississippian culture were 
slightly elevated areas on the floodplains of large rivers, such as old channel banks 
along oxbow lakes. Substantial ecological changes occurred in and around Cahokia, 
with deforestation extending into the uplands 10 to 15 km from the city. Analyses of 
timber posts and charcoal indicate deforestation of floodplain sites by 1600 BP and 
nearby upland sites by 950 BP. This led Delcourt and Delcourt (2004) to infer that 
accelerated erosion and siltation may have destabilized river regimes regionally. Such 
inferences are intriguing, but a stratigraphic record of erosion and sedimentation is 
needed to ascertain the extent and timing of such events. Geomorphic effects on 
alluvial sequences of extensive land-use practices during the Mississippian cultural 
period remain to be demonstrated. Owing to the decimation of indigenous popula-
tions by diseases introduced by Europeans, the most environmentally pristine period 
in the Americas was approximately two centuries after the time of initial contact with 
colonists (Denevan, 1992b). Thus, a period of cultural quiescence and potential for 
geomorphic stability may have preceded European disruption, and this should be 
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considered in interpreting the alluvial stratigraphic record. A possible scenario is that 
some degree of anthropogenic sedimentation did occur along some floodplains, but 
stabilization followed for a sufficient period of time to allow substantial pedogenesis 
on the surface of the deposits prior to  European arrival. These increased deposition 
rates may be difficult to distinguish from those caused by climate change. 

Central Valley of northern California. In the Central Valley of California prior to 
European contact, indigenous people were hunters and gatherers with tools primarily 
of stone, bone, and shell (Krober, 1922; Doolittle, 2000). At contact, seven distinct 
languages were spoken by Indians in the Central Valley, but the groups interacted 
regularly (Rosenthal et al., 2007). The period known locally as the Upper Archaic 
(2500–850 BP) saw the development of specialized bone tools and included perma-
nent settlements in some locations such as large mounded villages in the Sacramento 
Delta and major rivers. The Emergent Period (500–1800 AD) in the Central Valley 
saw the appearance of new technologies such as the bow and arrow, the appear-
ance of populated settlements along rivers, and the use of fish weirs (Rosenthal et al., 
2007). An increase in population occurred during the upper Archaic and Emergent 
periods and by the time of European contact, large villages were observed along 
some of the rivers. John Bidwell reported approximately 1000 people in an Indian 
village near Colusa along the Sacramento River in 1848 (Powers, 1877). Settlements 
on the river were often semi-permanent and occupied seasonally. The limited tech-
nology for land clearance and the limited use of agriculture in the region constrain 
the potential for substantial geomorphic disruptions primarily to the use of fire. 

Limited Evidence of Rapid Pre-Columbia Sedimentation Rates

High anthropogeomorphic effectiveness in pre-Columbian temperate North 
American regions should not be assumed without direct evidence of erosion and 
sedimentation. However, stratigraphic and sedimentological evidence of elevated 
sedimentation rates prior to Anglo-American settlement is limited. Globally, the 
mean annual rate of agricultural land denudation is ~643 m Ma–1, compared to 
the long-term erosion rate of ~24 m Ma–1 (Wilkinson, 2005), so the current rate 
in modern agricultural areas is ~28 times long-term erosion rates. Lacustrine and 
fluvial sediment storage provides one of the best-preserved records of long-term 
sedimentation rates. Although lake and floodplain deposits integrate the production 
of sediment from upstream contributing areas, the signal from an individual water-
shed attenuates and is diluted greatly downstream. Interpretations of these deposits 
should take into account the high proportion of sediment stored close to the source 
(Beach, 1994). Some lake sedimentation studies have documented increased sedi-
mentation from aboriginal land use, but these are generally subtle compared to post-
contact changes and are usually included in conditions described as “baseline” or 
“natural” sedimentation rates.

In several areas of Anglo North America, stable floodplain soils are buried by post-
settlement alluvium separated by an abrupt contact (Fig. 2). This stratigraphy, where 
it occurs, indicates a lack of pre-Columbian episodic sedimentation at that site and, 
if ubiquitous along a river, suggests a relatively stable period of upland land use dur-
ing the period preceding generation of the overlying historical alluvia. The lack of 
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Fig. 2. River-bank exposures on lower Yuba River, California, showing historical alluvium over stable 
floodplain soils. A. Abrupt contact between dark soil overlain by white hydraulic mining sediment. B. 
Contact (dashed line) between stable floodplain soil and overlying stratified historical alluvium. Con-
centrations (ppm) of total elemental mercury in sediment samples (at left) provide a reliable indicator of 
mining sediment in this basin (cf. James et al., 2009).
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evidence for substantial early sedimentation suggests low geomorphic effectiveness 
and corroborates inferences about the relative ineffectiveness of pre-Columbian land 
use that can be drawn from the limited technology of pre-contact societies. 

INTRODUCTION OF EUROPEAN AGRICULTURE TO NORTH AMERICA

Although pre-Columbian landscapes were far from ecologically pristine, the 
introduction of European agriculture to steep slopes that had never been clear-cut or 
plowed had the potential to generate an unprecedented episode of anthropogenic 
erosion and sedimentation. The goals of colonists were often different than goals of 
European agriculturalists. The conquest of areas for the primary purpose of resource 
exploitation was often accompanied by extensive land clearance, plowing, or  mining 
without regard to land management practices. Colonial expansion, when coupled 
with aggressive agriculture, timbering, or mining for overseas export, had the poten-
tial to greatly accelerate erosion (Brierley et al., 2005). Colonists had the technology 
to rapidly clear land, had economic incentives to do so, and often lacked disin-
centives normally imposed by social mores or limited quantities of land. This often 
resulted in land-use practices with a high geomorphic potential. In some regions, 
land-use intensities were driven to new extremes, well beyond pre- Columbian levels 
of production. Land was cheap in the New World, so principles of land steward-
ship and soil conservation were often neglected in favor of a rapidly advancing 
frontier. In many cases, the response to European colonization and agriculture was 
an episode of rapid sediment production and sedimentation on previously stable 
floodplains, as documented by the studies in Table 1. These studies include evidence 
of order-of-magnitude increases along the mid-Atlantic coast where Butzer (1990) 
mapped intensive pre-contact agricultural activity (Fig. 1). Floodplain sedimentation 
rates in the upper Midwest increased by an order of magnitude in response to the 
shift to European agricultural land use in the early 19th century (Knox, 2006), and 
resulted in deep historical deposits resting abruptly over well-developed floodplain 
soils (Knox, 1972, 1977, 1987, 2002). Pre-settlement rates of Holocene floodplain 
vertical accretion ranged from an average of only 0.2 mm yr−1 in main tributaries to 
0.9 mm yr−1 along the upper Mississippi River. In contrast, historical vertical accre-
tion rates over the past 200 years average between 2 and 20 mm yr−1 (Knox, 2006). 
Floodplain aggradation in tributaries was accompanied by increased overbank flood 
frequencies and higher flow velocities that generated bank erosion and passed sed-
iment farther down valley. In wetlands along the Chesapeake Bay, an 1800-year 
stratigraphic record indicates that mean sedimentation rates increased by an order 
of magnitude from 0.5 mm yr–1 prior to 1700 to 6.0 mm yr–1 after Anglo-American 
settlement (1730–1750) (Hilgartner and Brush, 2006). Severe gullying and sedimen-
tation associated with Providence Canyon, Georgia provides an extreme example 
of the erosion common in the southeastern USA after colonization (Magilligan and 
Stamp, 1997; Hyatt and Gilbert, 2000). 

Many studies have documented lower rates of lacustrine sedimentation prior to 
European colonization. Analysis of 12 sediment cores from Green Lake, New York 
state, revealed an abrupt sevenfold increase in sedimentation rates (0.1 to 0.7 mm 
yr–1) beginning with European land clearance in the early 1800s and accompanied by 
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increases in nutrients, metals, terrigenous organics, and detrital quartz and dolomite 
that give the historical upper layers a distinctive grey color (Hilfinger et al., 2001). 
A well-dated sediment chronology from 1026 to 2002 A.D. in the Pettaquamscutt 
River estuary displays statistically significant increases in varve thicknesses between 
1695 and 1700 A.D. at the initiation of colonization and again between 1950 and 
1960 when residential development began in the watershed (Hubeny et al., 2009). 

Geomorphic responses to European colonization varied greatly with cultural 
groups, climate, and physiographic region. To evaluate the relative importance of 
pre-Columbian geomorphic impacts, distinctions should be made between the cul-
tures of the settlers and the environments of the settlements. Some land manage-
ment systems employed conservation strategies derived from European cultures. For 
example, Spanish livestock grazing in central Mexico applied management practices 
that inhibited soil erosion and alluviation until the 18th century when populations 
grew. Butzer (1996) dismissed the degradational impacts of early Spanish livestock 
grazing in a valley of central Mexico and described importation of a well-managed 
Mediterranean agricultural system that had been sustained for 200 generations. 
Accelerated soil erosion and alluviation did not appear in the region until the 18th 
century when population pressures rose. 

These factors suggest a hypothetical distinction between the geomorphic effective-
ness of Spanish settlements in subtropical Meso-America and Anglo-American settle-
ments in temperate North America. Many Spanish settlers recognized landscapes 
of indigenous Indians, learned their land-use practices, and sought to  assimilate 
the people (Butzer, 1990). Despite widespread cases of brutality, suppression, and 

Table 1. Representative Studies in Anglo North America Indicating Abrupt Increases 
in Alluvial Sedimentation Rates before and after European Settlement

Location Synopsis Source

Upper Mississippi 
and its upper Midwest 
tributaries

Prehistoric alluvial soil buried by 
stratified alluvium with abrupt 
contact

Happ, 1944; Knox, 1972, 1977, 1987, 
2002, 2006; Magilligan, 1985, 1992; 
Miller et al., 1993; Lecce, 1997; 
Faulkner, 1998; Lecce and Pavlowsky, 
2001, 2004

Brazos River, central 
Texas

Dated prehistoric alluvial soil 
buried by modern alluvium

Waters and Nordt, 1995

Mid-Atlantic and 
Southern Piedmont

Well-developed alluvial soil buried 
by stratified historic alluvium

Happ, 1945; Trimble, 1974, 1977; 
Costa, 1975; Jacobson and Coleman, 
1986; Ruhlman and Nutter, 1999; 
Bain and Brush, 2005; James, 2006; 
Walter and Merritts, 2009; Merritts et 
al., 2011

Mid-Atlantic and 
Southeastern Coastal 
Plain 

Stable floodplain surfaces buried 
by mineral soil from nearby 
uplands; accelerated delta 
sedimentation

Phillips, 1992, 1993, 1997; Pasternack 
et al., 2001; Hilgartner and Brush, 
2006

Central Valley, 
California

Well-developed alluvial soil buried 
by anthropogenic sediment 

James, 1989, 1991, 2006; Florsheim 
andMount, 2003 
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confiscation of land, deep-seated cultural and sociopolitical policies mitigated 
the inhumane treatment of people conquered by the early Spanish. These policies 
were based on two traditions: (1) recognition and accommodation of local cus-
toms, a  tradition derived from Roman practices; and (2) concepts of charity toward 
the needy, a  tradition derived from religious beliefs and practices (Carter, 2009). In 
contrast, many Anglo-American settlers came from urban rather than farming tradi-
tions, lacked a culture of land stewardship, did not assimilate local natives or adopt 
indigenous land-use practices, and came from northern climates with glaciated 
landscapes. Even when a stable sociopolitical system was introduced with sound 
land management principles, severe damage could result where agricultural prac-
tices were based on experience from a different environment (Butzer, 1996). Anglo 
Europeans lacked experience with the intense subtropical storms and deeply weath-
ered residual soils that they encountered in the south and central United States, so 
European land management practices were not well adapted to the environmental 
conditions there. In the southern Piedmont of North America, Anglo American set-
tlers applied farming techniques derived largely in glaciated northwestern Europe 
to a subhumid landscape with thick, deeply weathered residual soils. The lack of 
appropriate experience with the new environment, combined with a colonial export 
economy and vast tracts of open land to the west, led to poor land management 
practices, severe  erosion, and thick floodplain deposits overlying prehistoric soils 
(Happ, 1945). 

Two Case Studies: Abrupt Post-Contact Increases in Sedimentation Rates

Terrace stratigraphy exposed in cutbanks along the Feather River in the  Sacramento 
Valley reveals well-developed soils overlain abruptly by thick, highly stratified his-
torical alluvium (Fig. 3). The buried soil at mid-bank corresponds with a tree line and 
a topographic berm that formed because the argillic B horizon is relatively resistant 
to erosion. The thin A horizon lacks primary depositional features, indicating low 
rates of overbank sedimentation in the prehistoric period. The interpretation that the 
abrupt contact represents the pre-settlement soil surface is corroborated by pedo-
genic evidence, mineralogy, and geochemistry. Silty sediment below the contact 
has strong pedogenic development, while overlying sediment is sandy, quartzose, 
stratified, and lacks pedogenesis. Moreover, high concentrations of total mercury 
(HgT) provide an unequivocal marker for the historical alluvium due to introduction 
of non-native mercury by mining operations in the mountains (Fig. 4). Whereas the 
pre-settlement soil apparently received sediment very slowly and was assimilated by 
pedogenesis in a cumulic A horizon, the 3 m of overlying sediment was deposited in 
less than 100 years after 1861. 

A small watershed in the Sumter National Forest of South Carolina has excellent 
exposures of the stratigraphy due to channel incision below a bridge (Fig. 5). The 
pre-settlement stream bank at this location was less than a meter above the bed 
and the soil is heavily gleyed, indicating reducing conditions. A 2.7 m thick layer of 
historical alluvium overlies the pre-settlement alluvium at this site over an abrupt, 
wavy contact with 1.6 m of tan sand followed by another 1.1 m of mixed sand, 
transitioning to orange sand. Following the pre-settlement soil downstream from this 
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location reveals an abundance of waterlogged organics and gleyed mineral material 
associated with pre-contact wetland conditions. A tree stump was located in root-
ing position at the base of the section near the channel at the downstream end of a 
point bar and cut bank. The outer wood of the stump was 14C dated as historical in 

Fig. 3. Right-bank exposures on the lower Feather River, California, showing thick historical alluvium 
over a stable soil. A. Tree is growing in well-developed pre-contact soil (arrow) buried by >2 m of min-
ing sediment. B. Distinct A horizon indicates slow rates of sedimentation in prehistoric period (C and D 
shown in this figure are sample sites in Figure 4).
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age with three possible ranges: 1665–1695, 1725–1815, or 1920–1950 cal AD (1σ). 
Based on the history of the area, the 1920 to 1950 date is considered most likely 
for deep burial of the tree, which apparently killed it. This indicates that episodic 
sedimentation of this tributary began late in the history of settlement of the South 
Carolina Piedmont in response to intensification of agriculture rather than during the 
initial settlement of the region. Following deep aggradation and reforestation at this 
site, the channel entrenched to form high, vertically scarped terraces that provide 
excellent exposures of historical alluvium. 

Bedrock is exposed in the channel bed at several locations in this area, constrain-
ing the vertical changes in the stream. Photographs of the bank stratigraphy ~80 m 
downstream of the section in Figure 6 show about 2.5 m of historical alluvium over 
an abrupt contact with the pre-settlement soil. The close-up shows gleyed silts with 
no primary depositional structures below the wavy contact, which may represent 
de-watering of saturated sediment after historical deposition of the overlying highly 
stratified sands. The stream bed is consistently ~1.5 m below the contact and has fre-
quent exposures of bedrock, so pre-contact stream banks were no higher than that. 
Although this reach aggraded deeply and rapidly, the channel remains in its predis-
turbance location and the low banks were continuous across the valley bottom as 
was shown by coring the floodplain (James, 2006). The channel is now entrenched 
more than 3 m below the historical terrace surface, back down to a thin veneer of 
gravel over bedrock. 

The alluvial stratigraphy at this site indicates stable geomorphic conditions that 
were common in small tributaries prior to European settlement in the Southeastern 

Fig. 4. Stratigraphic section of exposure near site in Figure 3. Hg concentrations confirm thick surface 
layer is historical in age and that prehistoric contact is abrupt. Total mercury concentrations in A and B 
were 0.10 and 0.14 ppm, respectively, versus 0.04 ppm in C and D. Adapted from James et al. (2009).
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Fig. 5. Stratigraphic section and map of historical terrace on Storm Creek, South Carolina Piedmont. 
Section at left shows 2.7 m of historical sediment overlying prehistoric gleyed silty sand. Sedimentation 
began with a thick layer of tan sand, followed by a half meter of sand of intermediate color (transition), 
and >0.5 m of orange sand. Map at right shows position downstream from cutbank of section and tree 
stump dated to historical period. Prehistoric stream banks were low but channels aggraded deeply and 
then entrenched to form high, steep-walled terraces. 
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Fig. 6. Historical terrace scarp exposed ~80 m downstream from section shown in Figure 5. A. Top of 
pickax is in abrupt wavy contact. B. Detail of contact between pre-contact gleyed silty sand and overlying 
plane-bedded tan and orange historical sands with strong primary sedimentary structures.
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Piedmont (Happ, 1945). Small channels on or close to bedrock with low thin banks 
indicate limited volumes of pre-contact alluvial storage in the watershed. When con-
sidered in conjunction with evidence of wetlands, the lack of alluvial storage in 
this environment indicates that pre-contact sediment delivery rates from the uplands 
were modest and that the sediment delivered was largely transported out of the 
basin. Although no direct evidence has been found, the wetland soils may reflect the 
activity of beavers (Castor canadensis). Sometime after the arrival of European set-
tlers, an episode of sheet and gully erosion occurred that filled valley bottoms with 
sediment. A similar sequence of orange sand over tan sand was observed by Happ 
(1945) in Ferguson Creek of Spartanburg County, South Carolina. He interpreted 
the sequence as deposits of tan sand from shallow sheet and rill erosion during the 
early phases of erosion, followed by deposits of orange sand generated by deep gully 
 erosion into metamorphic rocks. 

CONCLUSION

Discerning the geomorphic history of a place is an important step in the proper 
management of the local environmental system, and overly generalized concepts of 
land-use impacts should be avoided. Assumptions that European land-use practices 
were introduced to pristine landscapes in the Americas should be critically evalu-
ated for individual watersheds in each region. The cultural and ecological impacts 
of pre-Columbian societies on landscapes were generally much greater than was 
assumed in the early 20th century and were extensive across much of southwestern 
and eastern North America. The effectiveness of pre-Columbian agriculture in creat-
ing geomorphic responses in Anglo America was constrained, however, by limited 
technologies for clearing land and moving commodities to markets. The lack of ani-
mal power for plowing or hauling freight, and the lack of the wheel for transportation 
or machinery, constrained the intensity of pre-Columbian land use relative to Euro-
pean practices. Thus, challenges to the myth of pristine pre-Columbian landscapes 
do not justify assumptions of intensive pre-European geomorphic effectiveness in 
these regions. Some episodes of pre-Columbian anthropogeomorphic impacts likely 
occurred in Anglo America, especially in areas of the southwestern and eastern USA. 
Presumably these episodes occurred intermittently in association with major popu-
lation centers such as Cahokia, although the spatial extent and duration of these 
geomorphic events needs to be documented. 

By comparison, land use associated with European agriculture, deforestation, and 
mining had the potential to be much more geomorphically effective, and numer-
ous cases have been documented of aggradation-degradation episodes instigated by 
European colonization. Agricultural technology and land-use practices introduced 
by colonists spread rapidly westward with the frontier. In many cases, frontier settlers 
cleared land, worked it for a generation or two, and then moved farther west to clear 
new lands. Little attention was paid to soil conservation by frontier farmers, and the 
result was often severe erosion. Abundant evidence of episodic floodplain aggrada-
tion is well documented in the scientific literature, although a comprehensive spatial 
analysis is needed. In spite of the high potential for episodic erosion and sedimen-
tation following the introduction of European agricultural practices, this response 
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should not be assumed to have been ubiquitous. Some  European colonies employed 
land-management practices that had been used in Europe for many generations and 
did not cause accelerated soil erosion and sedimentation. Other intensive land-use 
practices occurred on landscapes with low sensitivities to geomorphic change and 
may not have generated substantial responses. As is commonly the case, places have 
unique histories and characteristics and geomorphologists must consult the local 
evidence to interpret the local history of geomorphic change. 

Acknowledgments: I thank Jonathan Phillips and an anonymous reviewer for keen insights, corrections, 
and constructive critiques of an early manuscript. This paper was greatly enhanced by that  process.
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