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Fluvial processes have the potential to obscure, expose, or even destroy portions of the
archaeological record. Floodplain aggradation can bury and hide archaeological features,
whereas actively migrating channels can erode them. The archaeological record preserved
in the subsurface of a fluvial system is potentially fragmented and is three-dimensionally
complex, especially when the system has been subjected to successive phases of alluvia-
tion and entrenchment. A simulation model is presented to gain insight into the three-
dimensional subsurface distribution, visibility, and preservation potential of the archaeo-
logical record in a meander-floodplain system as a function of geomorphic history. Simulation
results indicate that fluvial cut-fill cycles can strongly influence the density of archaeologi-
cal material in the subsurface. Thus, interpretation of floodplain habitation based solely
upon features visible in the shallow subsurface (through traditional techniques such as aer-
ial photography and geophysical prospection) can be misleading. In the examples, the loss
of archaeological record by channel migration ranges between 45% and 90% over 12,000
years for channel belt-dominated systems, decreasing to 10 to 30% for rivers where the flood-
plain width is a multiple of channel belt width. The modeling presented can be used to test
excavation strategies in relation to hypothesized scenarios of stratigraphic evolution for
archaeological sites. © 2006 Wiley Periodicals, Inc.
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INTRODUCTION

River systems are sensitive to changes in climate, vegetation, and human land-
use patterns (Bull, 1991; Brown, 1997; Macklin and Lewin, 2003). Worldwide, many
examples of changes in fluvial systems during the late Pleistocene and Holocene
have been documented. Patterns of evolution include terrace formation in response
to cyclic alluviation and entrenchment (e.g., Brakenridge, 1980; Johnson and
Logan, 1990; Hancock and Anderson, 2002), changes in channel pattern from
braided to meandering (Huisink, 1997), changes in position due to channel mean-
dering and cut-offs, and periods of rapid floodplain burial or incision
(Vandenberghe, 1995; Tebbens et al., 1999; Macklin and Lewin, 2003). These modes
of river and floodplain response have implications for the three-dimensional (3D)
subsurface distribution of fluvial deposits and the preservation potential of any
archaeological materials they may contain. A fluvial system has the potential to
obscure, expose, or even destroy portions of the fluvial and archaeological record.
In valley systems with actively migrating channels, much material can be lost to
lateral bank erosion, whereas floodplain aggradation can bury and, therefore,
obscure archaeological features (Waters and Kuehn, 1996; Brown, 1997; Walker et
al., 1997; Guccione et al., 1998; Waters, 2000). For example, Bettis and Mandel
(2002) argue, based on a study of preserved alluvial chronologies, that cultural
deposits of the Archaic period are rare in valley systems of central North America
because these systems were dominated by erosion and net transport throughout
much of the Holocene. The archaeology observed is, therefore, not a complete
record of human activity, but a filtered record modulated by geologic processes.
Furthermore, differential alluvial burial histories in different parts of a floodplain
or terrace levels can introduce spatially varying degrees of archaeological preser-
vation. When these environments are sampled using a limited excavation strategy,
the results can lead to biased interpretations of the complete settlement pattern.
In addition, these spatially complex patterns of archaeological preservation may
overlap with occurrences of economically important resources, such as sand and
gravel deposits. Integrating knowledge of the fluvial geoarchaeological environ-
ment into the development-control process has the potential to reduce the impact
of resource extraction on the historic environment (Kerr, 2004). 

Our objective in this article is to quantify and visualize the relationships between
geomorphic history, fluvial subsurface architecture, and archaeological preserva-
tion potential with the aid of a process-based model for landscape development.
For this purpose, the landscape evolution model, CHILD (channel hillslope inte-
grated landscape model; Tucker et al., 2001b) was modified to record a 3D strati-
graphic record created by a meandering river. In addition, to demonstrate the
potential for coupled modeling of landscape evolution and human behavior, we
deploy a very simple two-dimensional cellular-automata algorithm to represent
settlement behavior and the creation of archaeological features. The settlement
algorithms are deliberately naïve and designed simply to illustrate the potential
for archaeological hypothesis testing using this method. The simulations presented
provide visual templates for thinking about different potential forms of Holocene
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valley evolution and archaeological preservation potential; they are not intended
to reconstruct any specific field sites.

Process-based models of fluvial architecture are frequently used in geology to
predict the 3D subsurface of floodplains for fluid-flow studies in aquifers and hydro-
carbon reservoirs (Stølum and Friend, 1997; Gross and Small, 1998; Wen, 2004).
Archaeological computer simulation in the form of agent-based modeling has been
used to investigate the evolution of settlement patterns as a function of available
natural resources and sociocultural characteristics. Well-known examples are the sim-
ulation of Prehistoric settlement systems in the American Southwest using the Swarm
agent-based modeling libraries (Kohler and Gumerman, 2000), and the simulation of
hunter–gatherer foraging (Lake, 2000). Statistical models of potential site distribu-
tion, based on observed correlation between known sites and various landscape
attributes (e.g., proximity to water, topography, and depositional setting), have been
used to supplement ground-based surveys (e.g., Johnson and Zeidler, 1999; Zeidler
and Isaacson, 1999; White, 2000). Although some efforts have been made to use
process-based models to improve our understanding of archaeological site formation
and modification (Wainwright, 1994; Ward and Larcombe, 2003), the potential remains
largely unexploited. In this article, we describe the first 3D model designed to cou-
ple both archaeological site formation and geomorphic change. The model serves to
enhance understanding of river valley archaeology and geomorphology by quantify-
ing and visually rendering the relationships between fluvial-geomorphic evolution and
archaeological resource potential.

Specifically, we use simulation modeling as a platform for developing insight into
the means by which geomorphic evolution can introduce systematic bias into the
archaeological record. To that end, we model the geomorphic evolution of a hypo-
thetical 5-km stretch of alluvial valley over a period of 12,000 years. Three different
scenarios are analyzed, ranging from steady-state aggradation to rapid cut-fill cycles.
By introducing a simple model of settlement dynamics that is linked to the evolving
topography and hydrology, it becomes possible to compare, in a controlled frame-
work, the difference between the actual settlement history and that implied by the
accessible archaeological record. The results illustrate the potential archaeological
implications of some common patterns in alluvial history. 

METHOD

River Meandering and Floodplain Sedimentation

CHILD is a numerical model of erosion and sedimentation based on an adaptive
triangular mesh, and can simulate landscape evolution in a river basin over periods
ranging from centuries to epochs (Tucker et al., 2001a, 2001b; Clevis et al., 2006).
Simulations are performed by numerically solving a set of partial differential equa-
tions for surface processes. The solution algorithms are embedded in a time loop and
state variables (e.g., terrain height) are updated sequentionally in small time steps.
The lengths of these time steps and the intensity of the rainfall and stream flow are
dictated by a storm module, which generates a series of storms at random from a
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Poisson probability distribution (Eagleson, 1978). The runoff cascades down slope
across the surface and is used to calculate erosion and deposition at different loca-
tions in the simulation landscape. The surface processes in the CHILD model have
been described in detail by Tucker et al. (2001a, 2001b), and Tucker (2004). Here, we
focus on the modules for river meandering, stratigraphy, and archaeological site bur-
ial. (Note that the term site is used here to mean collections of one or more related
features or artifacts).

The meander module in CHILD uses a combination of simplified process physics
and process-based rules to model channel evolution at time scales relevant to
floodplain and terrace development (on the order of 1000–10,000 years; Lancaster
and Bras, 2002; Lancaster, 1998). The meander model is based on the concept of
topographic steering (Dietrich and Smith, 1983; Smith and McLean, 1984), which
derives from the observation that secondary flows over the bed topography trans-
late the erosive high-velocity core in a channel segment laterally. This secondary
flow results in transfer of momentum and maximum shear stress toward the outer
bank and downstream, causing erosion. The modeled rate of channel migration at
a given point is defined by the rate of bank erosion, which is proportional to the
bank shear stress: 

R
migration

� E�n^ (1)

where E is the bank erodability coefficient (L/T per unit stress); � is the bank shear
stress; and n^ is the unit vector perpendicular to the downstream direction (Table I). 

The landscape in CHILD is represented by an adaptive irregular mesh of nodes.
The advantage of this type of mesh is that nodes can be moved, added, or deleted to
represent evolving geometries in a landscape. This capability is used here to simu-
late the gradual development of complex-shaped meander bends (Figure 1). During
the meandering process, the central channel nodes are relocated, any obstructing
outer bank nodes are deleted, and additional nodes are added behind the former
channel position to create point bars (Figure 1; Lancaster, 1998). Because of chan-
nel movement, the floodplain mesh is continuously updated. Meander segments that
approach one another are able to link to create neck cut-offs. 

The bulk of the alluvial fill in many systems is not represented by the deposits of
the meandering channel, but by fine-grained overbank sediments. CHILD therefore
includes a module that simulates overbank deposition, using a modified form of
Howard’s (1992) floodplain diffusion model. This approach is based on the observa-
tion that floodplain sedimentation rate decreases exponentially with distance from
the main channel due to turbulent diffusion of suspended sediment in flood waters
(Pizzuto, 1987; Howard, 1992, 1996; Mackey and Bridge, 1995). The depth of aggra-
dation at a point on the floodplain during a given flood event is:

dH
overbank

� µ(W
chan

– Z
fp
) exp(–d/�

ob
)�t (2)

where dH
overbank

is the depth of sediment deposited during a flood event at a flood-
plain node, µ is the near-bank deposition rate per unit flood depth (dimensions of 1/T
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where T stands for time), �
ob

(dimension of length, L) is the distance-decay constant
at which overbank sedimentation rate decreases to zero, and d (L) is the distance
between a given point on the floodplain and the nearest point on the channel. At any
point along the channel, flood depth, H

chan
, and water-surface height, W

chan
(� H

chan
�

Z
chan

, where Z
chan

is channel-bed height), are calculated using a standard rating curve:

H
chan

� K
h
Qm (3)

where Q is discharge (L3/T) and Z
chan

is the altitude of the channel bed. The flood depth
at any point on the floodplain, H

fp
, is calculated by subtracting the local topographic

height, Z
fp
, from the water-surface height at the nearest channel point:

H
fp

� W
chan

– Z
fp

(4)

Thus, the rate of overbank sedimentation at any point depends on topography
and flood discharge. The latter is controlled by the sequence of storm events, in
which event intensity (runoff and discharge) and duration (�t) are drawn at random
from exponential frequency distributions (Tucker and Bras, 2000). 
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Table I. Key constants from the channel hillslope integrated landscape model (CHILD) input file, and vari-
ables from the demographic equations.

Symbol Explanation Value Equation

E Uniform bank erodability 0.0005 m/Nyr 1
µ Overbank deposition rate constant 0.25 m/kyr 2
�ob Overbank distance-decay constant 750 m 2
Kh Bankfull depth-discharge coefficient 0.028 3
m Bankfull depth-discharge exponent 0.4 3
Q Mean river discharge ~100 m3/s 3
STDUR, �t Mean storm and flood duration 0.06 yr 2
INSTDUR Mean interstorm duration and geomorphic calculation 

time step size 1 yr —
�x Initial Triangular Irregular Network (TIN) cell size 50 m Fig 1.
Rgrowth Population growth-rate constant 0.4 5
g Generation, demographic calculation time step 15–30 yrs 5
Ki Maximum population carrying capacity at settlement i � ~2000 7, 8, 9
Kmax Maximum population carrying capacity floodplain 

(Note that equations are stochastic and, therefore, 
maximum values are � 2000) 2000 6

Xi,g Population at settlement i during generation g � 2000 7, 8, 9, 12
Dmax & Dsmax Maximum possible distance to another settlement 

(constant; diagonal model distant) 7071 m 6, 10
Dcmax Maximum distance to the migrating channel (evaluated 

per generation for the model area) ~2500 m 10
Ls Suitability of a floodplain location for settlement initiation 10
Ps Probability of local settlement initiation 11



Channel-Bed Elevation and Alluvial Deposition

The altitude and gradient of natural channels typically varies over time, in tune
with fluctuations in the balance between sediment load and stream power (e.g., Bull,
1979). The ultimate controls on these oscillations, whether climatic, tectonic, eusta-
tic, or other, usually extend well beyond the bounds of any individual valley seg-
ment. One strategy for modeling these oscillations in a valley segment would be to
compute the river’s response to varying water and sediment delivery upstream (e.g.,
Hancock and Anderson, 2002) and varying base level downstream (e.g., Snow and
Slingerland, 1987; Clevis et al., 2004). The drawback to this approach is that it involves
at least three poorly known independent variables. For this reason, we take the sim-
pler approach of treating the river elevation itself as a boundary condition. The
upstream and downstream ends of the river are driven upward or downward over
time to represent externally imposed cycles of aggradation or incision. The total ele-
vation drop between upstream and downstream is held constant. The river gradient
is, therefore, equal to the upstream–downstream altitude difference divided by the
total length of the channel. Because river length fluctuates through time as meander
bends grow and are cut off, the river gradient also varies in time (but it does not
vary in space). When a channel-bed point gains elevation, a layer of alluvium is added
to the underlying sediment column, and when it loses elevation, the underlying sed-
iment column is eroded.

Stratigraphy and Simulation of Deposition of Archaeological Features

A static rectangular grid that accumulates the subsurface stratigraphy underlies
the irregular surface mesh representing the landscape topography. Each node in this
grid contains a column of material divided into a series of stratigraphic layers of vari-
able thickness and properties (Figure 2). Attributes of each layer include thickness, the
relative proportions of alluvial sand and fine-grained overbank sediment, the time of
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Figure 1. Planform example of river meandering simulated on a Delauney Triangulated mesh in the
Channel Hillslope Integrated Landscape Model (CHILD). The mesh densification is the effect of the accre-
tion of point bar nodes that trail the moving position of the channel.



initial deposition, and the time the layer was most recently affected by erosion or dep-
osition. In addition, each layer contains a “pointer” to surrounding layers as part of the
linked-list data structure (Oualine, 1997), which is used to store the subsurface stratig-
raphy (Clevis et al., 2006). This data structure allows for dynamic memory allocation
and, therefore, memory-efficient shrinking and growing of the layer stacks at specific
grid locations as they are updated by surface erosion and deposition. 

To explore the archaeological dimension, we also simulate the creation of sites.
The generation of archaeological sites is modeled using a simple, time-invariant
algorithm for settlement dynamics. At any given time, the valley segment will con-
tain one or more individual settlements. During each generation of its existence, a
settlement will generate “sites” within the surface sediment layer on which it rests.
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Figure 2. Overview of the meshes and methods used to simulate the meander floodplain landscape and
its subsurface. Output landscape accentuated with topographic contour lines, historic positions of the mean-
dering channel, and temporary settlement locations (top). Computational Delauney mesh used to dynam-
ically move, add, and delete points in response to lateral movement along the channel (center). Static rec-
tangular grid used for storage of the subsurface stratigraphy (below). The layers in the stratigraphic
column store information on age, texture, and the density of buried archaeological features per cubic
meter of floodplain sediment (left). 



In general, settlement initiation, growth, and relocation on an active floodplain are
dependent on a multitude of factors. Here, we are interested simply in demonstrat-
ing the principle of coupled geomorphic-archaeological modeling, so we consider
only a very limited subset of possible factors. These are discussed below. First, we
note that the biggest simplification in the settlement model is the neglect of changes
through time in land use and social organization. For example, we do not attempt
to model a change in subsistence pattern from hunting and gathering to agricul-
ture, nor do we deal with potential impacts of widespread deforestation. Such
changes are undoubtedly important, and hypotheses regarding the nature of subsis-
tence patterns or vegetation change could be studied using the methods we describe.
In the present article, however, the aim is to present a proof-of-concept demonstra-
tion of the methods rather than to model the geoarcheaological evolution of any one
particular place or time.

To illustrate an example of possible connections between behavior and the
physical environment, we hypothesize that settlers will tend to prefer topographic
high points, such as river terraces and natural levees, because these provide pro-
tection from river floods. Another factor included in the model is the preference
for locations close to the river. This represents, in a very simple way, the impor-
tance of riverine resources, such as water, fish, and rich alluvial soils for cultiva-
tion and agriculture. As these are two contradictory motives, they are evaluated
probabilistically (see Equations 10 and 11 below). Additional factors, such as
sociodemographic characteristics of ancient societies, have been incorporated
in advanced agent-based modeling studies (Dean et al., 2000; Kohler et al., 2000).
In this study, we keep the “settlement rules” deliberately simple, but with a link
to the morphology and flooding history of the alluvial valley. The flooding history
is calculated in time increments that represent one flood and the succeeding inter-
val before the next flood. Flood events vary in intensity and duration but occur
approximately once a year. The archaeological simulation is divided into a num-
ber of generation calculation steps, each of which has a randomly determined
time span between 15 and 30 years. The starting population for the model space
is two inhabitants. During each generation, the number of inhabitants in the set-
tlements is increased according to the Verhulst logistic population growth curve
(Verhulst, 1838):

X
i,g�1

� X
i,g

� R
growth

X
i,g    

(5)

where X
i,g�1

is the population of settlement i for a new generation (g�1), R
growth

is the
rate of growth, and K

i
the local settlement’s population carrying capacity. K

i
limits

the local population growth and is a function of the competition with other villages: 

K
i
� K

max
–

s�1,Ns

∑ (X
s
), for all D

s→i
	 D

max
(6)

This competition is expressed by decrementing a base value for carrying capacity
(K

max
) by the number of inhabitants (X

s
) of neighboring settlements (N

s
), weighted

⎧ D
s→i

⎫
⎪1 –  ——⎪
⎩ D

max
⎭

⎧ K
i
–X

i,g
⎫

⎪———⎪
⎩ K

i
⎭
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by their relative distance (D
s
) to the settlement i. The maximum possible distance

of influence is D
max

(here taken to be ~7 km).
Half of a settlement’s population increase per generation is allowed to migrate to

neighboring settlements or to pioneer a new settlement location. The probability of
this happening during a generation is expressed as the ratio between the settlement’s
population and carrying capacity:

P
migrate,i

� (7)

P
pioneer,i

� (8)

The probability of pioneering a new settlement takes into account the density of set-
tlements in the area by weighting the probability with the number of existing settle-
ments (N

s
). 

A settlement may attract migrants from another settlement, and the probability
for doing so is determined by the difference between the current population and the
carrying capacity:

P
attract,i

� (9)

Selection of the new location is based on the suitability of the nodes in the sim-
ulation area, which is given by a selection function. The suitability for each cell in
the model landscape to attract a group of settlers per generation is given by three fac-
tors: the generation-average depth of flooding, the distance to the riverine resources,
and the distance to other, competing villages: 

L
select,i

� (10)

and

P
select,i

� (11)

where the flood determinant is expressed as the ratio of the difference between
local water height (W

i
) and elevation (Z

i
) to the maximum flood height in the simu-

lation area (H
max

) per generation. Obviously, inhabitants of natural floodplains are
expected to have a memory for flood-risk areas and pass this information to future
generations. This transfer of knowledge could be easily incorporated into Equation
10 by increasing the time span for which H

max
is calculated. The relative proximity

to the river is given by the ratio between actual distance (Dc
i
) and the maximum

distance to the channel (Dc
max

). Similarly, the competition factor is determined by the
ratio between the closest distance to another settlement (Ds

i
), and the maximum pos-

sible distance to another settlement (Ds
max

). 

L
i

———

1,Ns

∑ L
s

⎧ Ds
max

– Ds
i
⎫

⎪1 – —————⎪
⎩ Ds

max
⎭

⎧Dc
max

– Dc
i
⎫

⎪—————⎪
⎩ Dc

max
⎭

⎧W
i
– Z

i
⎫

⎪——— ⎪
⎩ H

max,g
⎭

K
i
– X

i
——————

s�1,Ns

∑ (K
i
– X

s
)

⎧ X
i
⎫

⎪—⎪
⎩K

i
⎭

1
—
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s

X
i
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Settlements in the simulation are abandoned due to two processes. First, when a
settlement is competing with a number of settlements close by, its carrying capac-
ity is affected dynamically and may result in a population decrease (Equation 6). In
this case, when the population approaches zero, the settlement is abandoned. Second,
poorly chosen settlement locations can be flooded several times per generation in
the model. The probability for abandonment in a given generation due to flooding risks
is given by the formula:

P
abandon,i

� (12)

where the first factor in parentheses is the relative local flood height as in Equation
10, and the second factor expresses the increased chance of survival for the larger
settlements with a population (X

i
) close to carrying capacity (K

max
). The number of

inhabitants controls the size of the settlements; every 250 m2 cell in the model accom-
modates about 10 people. The L-shaped form of the settlements is an artifact of the
algorithm that lets the settlements grow and shrink according to the continuously
changing population.

All settlements generate a number of archaeological items at a fixed rate of 10 per
capita. These items are buried by flood sedimentation and subsequently incorpo-
rated into the subsurface stratigraphy during activity and after abandonment of the
settlement (Figure 2). The resulting density of the archaeological items in the sub-
surface is, therefore, a function of both the settlement dynamics and the local sedi-
mentation rate. Stratigraphic horizons with a low sedimentation rate accumulate a
high density of archaeological items due to their long surface-exposure history,
whereas layers deposited under high sedimentation rates show a low density of
items because of dilution. 

As noted above, this settlement model is chosen for illustrative purposes and is
obviously a highly simplified representation of archaeology. It neglects a host of fac-
tors, such as seasonal occupancy of hunter–gatherer sites, historic memory for
floods, or differentiation in the type of archeological material buried in the subsur-
face. The settlement rules were chosen for two reasons: to demonstrate an explicit
and plausible link between settlement behavior, archaeological sites, and the hydro-
geomorphic environment; and to illustrate the potential for using this type of model
to examine the archaeological (and potentially measurable) consequences of alter-
native hypotheses about human settlement behavior.

SCENARIOS AND RESULTS

Studies of Late Glacial and Holocene meandering river systems have shown
that periods of floodplain aggradation and incision correlate, to varying degrees,
with climatic proxies and land-use changes (Starkel, 1988; Vandenberghe, 1995;
Mäckel et al., 2003; Macklin and Lewin, 2003). Periods of increased flood fre-
quency, floodplain aggradation, and lateral river activity often result from phases
of climatic cooling and higher rainfall, as indicated by corresponding glacier
advances, tree-line retreats, and 
18O records. Here, we simulate the development

⎧ X
i

⎫
⎪1 – ——⎪
⎩ K

max
⎭

⎧W
i
– Z

i
⎫

⎪——— ⎪
⎩ H

max,g
⎭
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of three river valleys by climatically controlled variations in discharge and aggra-
dation rate that are representative for the Holocene. These scenarios are meant
as templates for thinking about potential forms of valley evolution and visualiz-
ing the effect the evolution may have on the distribution of archaeological mate-
rial in the subsurface. They are not intended to reconstruct any specific valley or
archaeological field site. 

The first scenario represents the simple case of steady channel and floodplain
aggradation. The main channel aggrades at 1 m/1000 years over a 12,000-year period.
This simple scenario serves as a comparative case for two more complex valley-
evolution scenarios. In the second scenario, the channel elevation follows a more
complex floodplain-elevation history based on that of the Pomme de Terre River
in southern Missouri, as reconstructed from radiocarbon terrace dates by
Brakenridge (1980). This floodplain history shows that periods of river stability
are rare throughout the Holocene and that the valley evolution is dominated by
millennial-scale cut-fill cycles with a maximum elevation difference between ter-
races and channel bed of 8 m. 

In the last scenario, the history of channel aggradation and incision is varied
according to the 
18O curve for the Holocene (Schulz and Paul, 2002). Lows in the

18O value of this curve correlate with millennium-scale climatic deteriorations in
Europe during the Holocene (Dahl and Nesje, 1996; Haas et al., 1998) and seem to
correspond to periods of increased flooding, alluviation, and preservation of allu-
vial units in the British Isles, as indicated by studies of the relative abundance of
available fluvial radiocarbon dates (Macklin and Lewin, 2003). This effect is intro-
duced by using the trends in the 
18O curve to steer the channel-bed aggradation
history, with 
18O decreases corresponding to aggradation and 
18O increases to
incision. In doing so, we assume that there is no time lag involved in the climatic
steering and the geomorphic response of the aggrading channel bed (Hancock and
Anderson, 2002). The overall aggradation simulated is 4.5 m, a value that approx-
imates the cumulative sediment thickness for a small Holocene lowland river
(Törnqvist et al., 2000).

Scenario 1: Steady Aggradation

Valley evolution in the steady aggradation scenario is shown in time steps of
1200 years in Figure 3. The simulation starts with an initial straight channel super-
posed upon a digital terrain model of a floodplain at 10,000 B.C. Minor irregulari-
ties in the initial channel pattern evolve to a set of meander bends by 7600 B.C., at
which point they are on the verge of cutting off (Figure 3c). At 5200 B.C., the out-
line of the main channel belt is delineated by a suite of abandoned meander loops
flanking the active channel, while the surrounding floodplain is gradually buried
by overbank deposition and forms a slightly convex-upward topography in cross-
section (Figure 3d). Settlements tend to relocate on a time scale smaller than the
landscape snapshots shown. However, the larger settlements developed on the
higher levee positions flanking the channel are less flood-prone, and, therefore,
tend to remain active for time spans of a few hundred years. The settlement model
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Figure 3. Perspective views showing the development of the simulated meander floodplain landscape
during steady aggradation (Scenario 1). Active settlement locations are indicated in black. The shaded
linear features perpendicular to the channel belt are undulations caused by increased rate of sedimenta-
tion on the floodplains due to the changing position of the nearby river bends (~sediment sources).



applied is very simple, as it is not specific to any historic period and it does not
take into account regional population variation, technological development, or soci-
ocultural change. Nonetheless, the example in Figure 3 does serve to demonstrate
how the hypotheses used in this type of coupled model yield potentially testable out-
comes: in this case, a prediction about the mean and frequency distribution of set-
tlement occupation durations.

Settlements show phases of initiation, growth, decline, and sometimes reoccupa-
tion (as can be seen, for example, in Figure 3d–f and j at coordinates x � 3500, y �
3500). Smaller settlements pioneering the more flood-prone positions on the floodplain
are relatively short-lived and tend to disappear within 100 years. During the scenario,
fine-grained overbank sediment is continuously deposited in the simulation area by
incremental small flood events. Consequently, any archaeological features related to
the settlements become incorporated into the accumulating floodplain and are even-
tually covered with sediment after abandonment of the settlement. The resulting 3D
distribution of archaeological features in the floodplain subsurface at time interval A.D.
2000 is shown in Figure 4a. In this subsurface view, the floodplain sediments them-
selves are omitted and only the position and density of archaeological features is
visualized (blue-green), together with the stack of sands deposited by the meander-
ing channel (orange). The main cluster of larger archaeological features is positioned
close to the channel belt stack, demonstrating the preference for settlement initiation
and increased survival potential at the high levee locations. The archaeological fea-
tures have a uniform density of about 0.25–0.5 per m3 of sediment because of the
steady aggradation rate on the floodplain throughout the simulation. This steady
aggradation rate is also reflected in the equal spacing of timelines in the floodplain
cross-sections (white lines, Figure 4b, c). An increased archaeological site density, how-
ever, is observed in the lower-right corner of Figure 4a, where the settlement spreads
upward onto a steep sloping terrace. Because floods are rare on this slope (due to its
altitude), the rate of site burial is also low and, therefore, the site density is higher here
than in the lower, more flood-prone portion of the settlement.

The channel aggradation trend is depicted in Figure 5a, together with the devel-
opment of the channel sinuosity, both indicating a steady development of the geo-
morphic system. The historical population activity on the simulated floodplain is
given in Figure 5b. This curve reaches its average maximum value of 3000 inhabitants
in about 1500 years but then takes the shape of a saw-tooth, where gradual popula-
tion increases are punctuated by rapid declines, once every 200–500 years. These
phases of decline in the population correspond to major flooding events triggered by
the storm simulator, resulting in flood depths large enough to increase the chance
of abandonment of multiple settlements (Equation 12). Besides modification of the
active settlement pattern by flooding events, lateral channel migration also affects
settlements close to the channel. Both active settlements and abandoned settlements
hidden in the subsurface are lost due to erosion by lateral channel migration. This
effect becomes increasingly important through time as the channel belt widens and
populated levees are eroded together with settlements buried in the reach of the
channel base (Figure 5c). Consequently, the shape of the curve describing the cumu-
lative preserved archaeology in the floodplain subsurface is similar to the historical
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    discoverable by
  shallow excavation 
            (<=1m)

Figure 4. (a) Diagram showing the three-dimensional distribution and density of archaeological features
in the subsurface of the floodplain (blue-green). The paleoposition of the channel is given by the stack
of channel belt sands (orange). The surface landscape is annotated with a density contour map of the set-
tlements buried in the shallow subsurface, which may be visible at the surface. (b) Stratigraphic cross-
section through the floodplain showing the fraction of sand in the subsurface, delineating the position of
the buried channel belt (red), and the floodplain sediments (blue). Equally spaced timelines each repre-
sent 500 years of steady floodplain aggradation. (c) Density of buried archaeological features. 
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population curve, but with some minor truncations at around 8500–5000 B.C. (Figure
5d vs. 5b). The main demographic events (such as the population declines at 7000
B.C., 2800 B.C., and 300 B.C.) are well recognizable. 

Again, we note that this population curve is in no way meant to represent any
particular time or location; such a curve would be quite unrealistic for, say, north-
western Europe, where population increases toward later prehistory. Rather, the
take-home message is that, under conditions of steady river sedimentation, there is
little or no systematic bias introduced into the archaeological record by geomor-
phic activity (in particular, by stream erosion) in this scenario. Therefore, if one
could obtain a good sample of the archaeological record throughout the subsurface,
that sample would (all else being equal) provide a reasonably accurate picture of
the actual population dynamics. However, most archaeological prospecting methods
rely on the information present in the shallow subsurface, such as crop marks and
features visible by means of geophysical survey techniques. To mimic this limited
scope, the yellow colors on the surface in Figure 4a show only those settlements
that are present in the top 1 m of the floodplain stratigraphy. Comparing the near-
surface and subsurface view clearly demonstrates that most of the archaeology is hid-
den as a result of the steady aggradation, providing common archaeological survey-
ing methods a time window of only ~2000 years in this example (Figure 5e).

Scenario 2: Aggradation Alternating With Incision

In the second scenario, the channel-floodplain system was subjected to a sequence
of cut-fill cycles in which the amplitude and timing of the incision and aggradation
phases was based on the channel history reconstructed for the Pomme de Terre River
by Brakenridge (1980). The first quarter of meander evolution is similar to that of
Scenario 1, in which the channel belt widens (Figure 6a–c until 6000 B.C.). Different
from Scenario 1 are the phases of incision clearly visible in Figure 6f, h, and i. The aban-
doned and incised meander bends become filled by fine-grained sediment during sub-
sequent phases of aggradation (Figure 6d, e at 5200–4000 B.C., and j at 2000 A.D.). The
cut-fill cycles of the channel leave a clear imprint on the stratigraphy of the floodplain
(Figure 7). The initial phase of steady aggradation (10,000–6200 B.C.) created the
bulk of the stratigraphic volume, characterized by equally spaced timelines visible in
the cross-sections (Figure 7). The first incision event at 6200 B.C. corresponds to the
hiatus marked by the superposition of two timelines at ~8–10 m altitude (Figures
7b–f). During 5800–3500 B.C., the channel then aggrades from a position incised into
the floodplain to a level at which it can flood the valley again and deposit sediment
in the surrounding floodplain. None of the subsequent aggradation phases reaches a
higher elevation, and the 5800–3500 B.C. alluvial sequence dominates the floodplain
as a terrace. The cut-fill cycles postdating the 3500 B.C. terrace occur within the
incised channel belt but result in a complex superposition of depositional ages, which
varies per cross-section due to the 3D effect of meandering (Figure 7b–d). The cut-
fill cycles also affect the distribution and density of archaeological features in the
floodplain. The larger features in the subsurface are synchronous with the initial
phase of aggradation (Figure 7a, below 10 m) and are positioned close to the chan-
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Figure 6. Perspective views of the meander floodplain landscape evolution dominated by alternating
phases of aggradation and incision (Scenario 2). Active settlement locations are indicated in black.
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Figure 7. (a) Three-dimensional distribution of archaeology in the floodplain resulting from the cut-fill
Scenario 2, showing high-density features in the top of the stratigraphy corresponding with a terrace
level. (b–d) Cross-sections of the alluvial stratigraphy colored according to the time of deposition. (e and
f) Cross-sections showing the channel sands and the density of buried archaeological features. 



nel belt, whereas settlements corresponding to the incision at 6000 B.C. and the sec-
ond half of the simulation (above, from 3000 B.C. onwards) are distributed more
equally through the stratigraphic volume. These phases correspond to decreases in
the number of valleywide flooding events, increasing the chance of survival of settle-
ments positioned at low locations on the floodplain. Furthermore, in contrast to
Scenario 1, the number and density of archaeological features at the surface and in
the shallow subsurface is much higher, especially in the 3500 B.C. terrace. This is
because the terrace is exposed continuously during the second half of the simula-
tion time, accumulating most post-3500 B.C. archaeological features in its stratigra-
phy. The settlement buried in the terrace at x � 4500, y � 750 (Figures 6f– j, and 7a),
for example, shows a high density of features. Some buried settlements even contain
a high-density level intercalated between intermediate density sediments (x � 500, y
� 4000) at 3500 B.C. This change in density results solely from the geomorphic sys-
tem (as noted above, no attempt has been made to make settlement behavior period
dependent), and it illustrates one way in which a geomorphic phenomenon could be
misinterpreted as a cultural one.

The historical population curve is similar to that of Scenario 1, showing an aver-
age of 3000 inhabitants, although there are two interesting differences (Figure 8b
vs. Figure 5b). As in Scenario 1, the first segment of the curve (10,000–3500 B.C.) is
dominated by multiple small declines in the population, but the second segment is
less noisy and only shows occasional large declines in the population. Most of these
large declines correlate with the phases of aggradation. 

The pattern is explained by the effect the cut-fill cycles have on the flood fre-
quency in the floodplain. In the period after 3500 B.C. most settlements are spared
from abandonment by flooding and because of their position on the terrace, well
above the channel bed. Only during the aggradation phases (~800 B.C. and 200 A.D.)
are the flood depths large enough to increase the chance of abandonment of multi-
ple settlements. The loss of archaeological features in the subsurface begins during
phases of incision (5800 B.C., 3000 B.C., and 500 A.D.). Again, the curve for the pre-
served archaeological record (Figure 8d) is a reflection of the population history
minus the loss in the channel belt, with clear truncations at 7500 and 3000 B.C. The
fraction of the record visible in shallow subsurface is much larger due to the contin-
uous exposure of the 3500 B.C. terrace (Figure 8e). 

Scenario 3: Aggradation Alternating with Incision, �o18-Curve

The Holocene 
18O curve (Schulz and Paul, 2002) drives the cut-fill cycles in Scenario
3. The 
18O decreases are assumed to correspond to aggradation (increasingly cold
periods typically correlated with alluviation in northern Europe; Macklin and Lewin,
2003) and 
18O increases to incision. This scenario is more complex than the previ-
ous two because the channel is affected by four major phases of alluviation (8000
B.C., 6500 B.C., 2500 B.C., and 2000 A.D.), alternating with multiple small aggradation-
incision cycles (Figure 9a, d–h). The resulting alluvial stratigraphy is equally com-
plex (Figure 10a), showing composite-age channel belt sands embedded in a flood-
plain with a discontinuous chronology. The chronology of the sediments in the channel

DOI: 10.1002/GEA GEOARCHAEOLOGY: AN INTERNATIONAL JOURNAL, VOL. 21, NO. 8

GEOARCHAEOLOGICAL SIMULATION: A 3-D APPROACH

861



CLEVIS ET AL.

GEOARCHAEOLOGY: AN INTERNATIONAL JOURNAL, VOL. 21, NO. 8 DOI: 10.1002/GEA862

10000 BC 8000 BC 6000 BC 4000 BC 2000 BC 0 2000 AD

10000 BC 8000 BC 6000 BC 4000 BC 2000 BC 0 2000 AD

10000 BC 8000 BC 6000 BC 4000 BC 2000 BC 0 2000 AD

10000 BC 8000 BC 6000 BC 4000 BC 2000 BC 0 2000 AD

10000 BC 8000 BC 6000 BC 4000 BC 2000 BC 0 2000 AD

2

4

6

8

10

12

5000

4000

3000

2000

1000

0

250

200

150

100

50

0

500

400

300

200

100

0

500

400

300

200

100

0

Scenario 2: Pomme de Terre River (Brakenridge, 1980)

ch
an

n
el

 b
ed

 e
le

va
ti

o
n

p
o

p
u

la
ti

o
n

it
em

s 
lo

st
 (l

in
e 

g
ra

p
h

)
it

em
s 

p
re

se
rv

ed
it

em
s 

vi
si

b
le

a.

b.

c.

d.

e.

fraction of archaeological
record visible in the shallow
subsurface

 age distribution
preserved record

population

channel elevation

age distribution of material lost

when is this material lost
(300 yr intervals)

3.5

3.0

2.5

2.0

1.5

1.0

0

4000

8000

12000

16000

it
em

s 
lo

st

flooding event flooding event

loss during incision  & lateral migration

flooding event

Figure 8. Graphs illustrating the historical coupling between geomorphic processes, population dynam-
ics, and preserved archaeology in the subsurface for Scenario 2. (a) Channel bed elevation and channel
sinuosity. (b) Floodplain population as a function of time. (c) Bar graph of the intensity of loss of archae-
ology in the channel per 300 years. Line graph of the age distribution of archaeology lost. (d) Age distri-
bution of preserved archaeology present in the floodplain subsurface at 2000 A.D. (e) Age distribution of
archaeology potentially exposed at the surface. 



DOI: 10.1002/GEA GEOARCHAEOLOGY: AN INTERNATIONAL JOURNAL, VOL. 21, NO. 8

GEOARCHAEOLOGICAL SIMULATION: A 3-D APPROACH

863

Figure 9. Perspective views of the meander floodplain landscape evolution dominated by alternating
phases of aggradation and incision (Scenario 3). Active settlement locations are indicated in black. 



CLEVIS ET AL.

GEOARCHAEOLOGY: AN INTERNATIONAL JOURNAL, VOL. 21, NO. 8 DOI: 10.1002/GEA864

     Settlements visible in the 
shallow subsurface (< 0.25 m)

   Settlements visible in the 
shallow subsurface (< 1.0 m)

0 2000 4000 6000 8000 10000 2000 AD02000 BC4000 BC6000 BC8000 BC10000 BC

Time of deposition Time of deposition

Archaeological density

Channel sandsChannel sands

4

6

7

5

3

2

4

6

7

5

3

2

4

6

7

5

3

2

5000 4000 3000 2000 1000 0 5000 4000 3000 2000 1000 0

0 0.5 >1.0

0 0.5 1.0

      Density of features 
in the shallow subsurface

    Density of features
in the subsurface (n/m3)

52.50> 1.00.50

a. b.

c.

high density of features
high density of features

distance (m) distance (m)

el
ev

at
io

n
 (m

)
el

ev
at

io
n

 (m
)

el
ev

at
io

n
 (m

)

channel sands

x=500m
x=4900m

Figure 10. Three-dimensional distribution of archaeology in the floodplain resulting from the cut-fill
scenario 3, showing a high density of features in the top of the stratigraphy corresponding with a terrace
level. (b–d) Cross-sections of the alluvial stratigraphy colored according to the time of deposition. (e and
f) Cross-sections showing the channel sands and the density of buried archaeological features. 



belt is relatively continuous and occasionally forms a lateral accretion-like pattern in
the timelines when the channel moves (Figure 10c, right). The basal sediments of the
floodplain correspond to the first phase of aggradation (Figure 10c, 10,000–8000 B.C.,
dark blue color below 5 m) and are overlain by a condensed sequence (i.e., a deposit
representing an unusually long period of time, reflecting a low sedimentation rate).
This condensed sequence is synchronous with the first phase of incision, during which
the entrenched river is less likely to flood the valley and the alluviation rate on the sur-
rounding floodplain, therefore, decreases. The second floodplain unit is deposited
during the second rise in the channel bed during 7000–6500 B.C. The unit is incised
at 6000 B.C., forming a terrace (Figure 10c, light blue below 6–6.5 m). This terrace is
exposed for most of the simulation time but is flooded around 2500 B.C. (Figure 9f),
resulting in a thin veneer of spatially discontinuous sediments tapering the central
channel belt. The youngest unit representing the top 0.25–0.5 m of the floodplain
stratigraphy is deposited during the last rise of the channel bed (1000–2000 A.D.) and
covers the complete floodplain, including the 6000 B.C. terrace (Figure 10c, red unit).
As in Scenario 1, the cut-fill cycles control the density of buried archaeological fea-
tures. Two high-density horizons are generated by the cycles in Scenario 3: the con-
densed sequence at 5 m (8000 B.C.) and the intercalated horizon forming the top of
the buried terrace. The terrace is relatively rich in archaeological features, but because
it is buried the archaeological information is potentially hidden from surface obser-
vation (Figures 10a, b and 11e). 

DISCUSSION

Visibility of Archaeological Features

The simulations demonstrate that the visibility and density of archaeological fea-
tures at depth depends largely on the 3D spatial distribution and ages of the sediments
deposited during habitation. In a valley that has experienced steady aggradation,
the preserved subsurface record in a wide floodplain is likely to provide a represen-
tative sample of the settlement history, all else being equal. In addition, the density
of archaeological features per cubic meter of occupied floodplain sediment is rela-
tively uniform due to the continuous creation of archaeological sites within flood-
plain sediment. However, steady aggradation also tends to hide older features. The
time window of archaeological observation is primarily a function of the floodplain
aggradation rate and the depth of shallow-surface prospecting techniques. 

Valleys that have undergone geologically recent cut-fill cycles provide a larger
time window for archaeological observation. Condensed sections and terraces tend
to accumulate more archaeological features because of their reduced sedimenta-
tion rates and long exposure histories, respectively. Continuous habitation on stable
terrace surfaces increases the density of features and generates a palimpsest of set-
tlement activity with a wide age range. However, these relatively rich units may be
hidden in the subsurface by a later phase of alluviation. This effect might be expected
for many small river systems in Western Europe because of anthropogenic influence
on the landscape. More-efficient Roman and post-Roman land-use techniques caused
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widespread hill slope erosion, higher sediment flux to rivers, and increased alluvia-
tion (Mäckel et al., 2003; Macklin and Lewin, 2003). Hypotheses regarding such
changes in land use over time could be explored using the methods described here
by constructing and running alternative scenarios and examining their implications
for measurable archaeological and geomorphological patterns. 

Preservation of Archaeological Features: The Effect of Floodplain Width

Besides visualizing the differential density of preserved archaeological material
in the subsurface, the model also allows for quantification of loss of material due to
erosion by lateral channel migration. The rate of loss is highest during phases of
reduced aggradation or incision when the channel is able to expose and erode the
archaeology buried in the channel banks. The cumulative loss of archaeological
material in each scenario is summarized in Figure 12. The graph was generated by
calculating the ratio between features lost by channel erosion and all features buried
during a simulation. A floodplain-wide loss of 20% to 30% of archaeological infor-
mation is observed for Scenarios 2 and 3, because they are dominated by cut-fill
cycles (Figure 12, right). The terraces and condensed sequences in those two sce-
narios may accumulate an increased density of archaeological material, but this
information is vulnerable throughout the long surface-exposure time of the units.
Moreover, the high-density units are also affected by erosion after burial due to the
shallow depth of burial within the reach of the channel bed. 

A calculation of the loss for an increasingly narrow zone flanking the channel
belt is used to demonstrate the effect of floodplain size (expressed as the ratio
between floodplain and channel belt width) on preservation. The width ratio reflects
the degree of floodplain recycling by the migrating channel. Based on this graph, it
is expected that lowland rivers with wide floodplains, such as the Thames or the
Rhine-Meuse, preserve most of the archaeological record. Small upland valley sys-
tems in contrast, could lose 45% or more of their archaeological record. Their zone
of aggradation and preservation (e.g., the floodplain) overlaps with a large part of the
channel belt, increasing the potential for erosion. An example of such a system is
Wildcat Creek, Kansas (Johnson, 1999), where the floodplain is restricted by being
encased between bedrock valley walls. 

Evaluation of Excavation Schemes

The simulation modeling presented by itself cannot provide a means of precisely
reconstructing any sediment horizon in the field due to the stochastic nature of the
processes involved. Such reconstruction is never possible without prohibitively
expensive and exhaustive ground proofing. What process-based simulation does
provide is a virtual archaeological laboratory that can generate synthetic geoarchae-
ological data sets based on a user-defined geologic history. These data sets can be
used to refine subsurface geostatistics or to test alternative survey and excavation
schemes in a low-cost, nondestructive fashion. Figure 13 is an example of such an
approach. In this example, five different sampling schemes are tested on the final land-
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scape of Scenario 2. The first scheme does not use any knowledge of the geomorphic
or settlement history. Twenty-five pits, each 2 m deep and 1 m2 in area, are sampled
on a regular grid. The second scheme focuses on the locations with a relatively high
density of archaeological features in the shallow subsurface, perhaps identified in
an initial phase through aerial photography and geophysical surveys. The three other

CLEVIS ET AL.

GEOARCHAEOLOGY: AN INTERNATIONAL JOURNAL, VOL. 21, NO. 8 DOI: 10.1002/GEA868

scenario 1

scenario 2

scenario 3

80

70

60

50

40

30

20

10

%
 -l

o
ss

 o
f a

rc
h

ae
o

lo
g

ic
al

 fe
at

u
re

s

1 2 3 4 5

floodplain width/ channel belt width

valley wall
/ terrace

valley wall
/ terrace

floodplain
        =

channel
    belt

channel
    belt

floodplain floodplain

floodplain = channel belt
       low preservation

floodplain  > channel belt
         high preservation

90

100

Figure 12. Plot of the percentage of loss of the archaeological record as a function of fluvial system size
(expressed as ratio between floodplain and channel width). Based on the graph, it is expected that sys-
tems with small, upland floodplains encased by valley walls can lose up to 90% of their archaeological
record, whereas in wide, lowland systems, most of the record is preserved.



schemes are guided by geomorphic information, such as the presence of the oldest
exposed unit (scheme 3), the center of the channel belt (scheme 4), and the highest
levee positions (scheme 5). All five schemes are repeated for a sampling depth of 10
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Figure 13. (a) Average depositional age of the sediments at the surface for Scenario 2 showing the dom-
inant ~3500 B.C. terrace. (b) Palimpsest-like distribution of activity ages of settlements preserved in the
shallow subsurface (depth � 1.0 m). (c) Excavation schemes used in the sampling of the floodplain sub-
surface. (d) Age distribution of archaeology recovered for excavation depths of 2 m, and (e) 10 m.



m (admittedly, this is unlikely for pits 1 m square, but in fact, for this exercise the
absolute surface dimension of the excavation is unimportant; what matters is the rel-
ative differences between sampling schemes). The number of archaeological fea-
tures and sites encountered is highest for the scheme guided by the shallow arche-
ology, although the age distribution is highly skewed for both sampling depths, and
the age distribution does not reflect the population curve (Figure 8b). The results for
the oldest unit scheme are similar to that of the regular grid, mainly because the
landscape is dominated by the 3500 B.C. terrace. In this case, however, older features
are better represented. Both the schemes sampling the channel belt recover much
less, as this zone is prone to flooding and less suited for settlements (scheme 4),
and because the record is fragmentary due to loss by lateral channel migration.
Ultimately, excavation schemes such as these could be tested and refined using sim-
ulated subsurface data sets that incorporate and honor both stratigraphic and archae-
ological information from the field. Added information might include preferential
settlement locations, paleochannel positions, and subsurface geometries of pro-
nounced flooding horizons. 

In many valley systems, buried archaeological sites are threatened by sand-
gravel aggregate mining (Kerr, 2004). The model presented here could be used to
improve the recovery of such sites prior to aggregate extraction, by studying geo-
morphic controls on the spatial correlation between sand-gravel deposits and
areas of archaeological concentration. One approach would be to use field data
to constrain the late Quaternary geomorphic history of a particular valley sys-
tem. This information would then be used to develop synthetic realizations that
honor the available data, and provide a test bed for alternative survey and exca-
vation strategies. This type of conditional simulation approach would restrict the
number of possible scenarios for the sites being investigated and increase their
predictive value by fitting the synthetic data to observational data in an auto-
mated process of trial and error (Cross and Lessenger, 1999; Bornholdt et al.,
1999; Karssenberg et al., 2001). 

The focus of this study has been to visualize and quantify relationships between
fluvial architecture and archaeological subsurface resource distribution in a holis-
tic fashion for increasingly complex geomorphic scenarios to illustrate the capa-
bilities of the simulation approach. The model presented can be used as a tool to
help archaeologists and cultural resource managers to visualize and interpret
observed subsurface and surface patterns and develop an improved understand-
ing of potential sources of geomorphic bias. However, the simulation approach
also allows for systematic controlled experiments with a focus on a specific prob-
lem or a single variable. For example, one could test the ability of radiocarbon
dating schemes with a limited number of samples to deduce floodplain history
accurately for an assumed geologic scenario, estimating the kind of coverage (e.g.,
sample distribution and depth) that would be required or is most cost-effective.
Alternatively, a set of experiments could be generated that examine whether, and
to what degree, settlement preferences (such as proximity to water, protection
from flooding, and defense) would produce diagnostic signatures in the alluvial
archaeological record.
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CONCLUSION

This study shows the potential of computer simulation in the characterization
of alluvial valleys from a geoarchaeological perspective by providing a complete
3D subsurface view driven by a user-defined geomorphic history. Simulated flu-
vial systems that aggrade under steady rate are associated with a relatively uni-
form density of well-preserved archaeological features in the floodplain subsur-
face. Systems affected by cycles of entrenchment and alluviation form condensed
sequences and terraces containing a high density of archaeological features but
have the potential to lose a larger fraction of the archaeological record. The per-
centage of loss of the archaeological record by channel erosion depends on the
frequency, depth, and duration of incision episodes and on the ratio of channel belt
width to valley width. In the scenarios we have examined, predicted archaeolog-
ical loss ranges from 45% or more for channel belt–dominated systems, decreas-
ing exponentially to 10% for rivers where the floodplain width is a multiple of
channel belt width. The modeling procedure presented can be used to test exca-
vation strategies in relation to hypothesized scenarios of stratigraphic evolution
for archaeological sites.
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SUPPLEMENTARY MATERIAL

Supplementary material in the form of 3D animations is available.
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