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ABSTRACT

Four lithostratigraphic alluvial formations and eight

chronostratigraphic "accumulation phases" occur along the middle Duck

River Valley. Each accumulation consists of about 2 m of sandy and

gravelly bottom stratum facies overlain by 2.5-4 m of clayey and silty

top stratum facies. An additional 1-2 m of clayey and silty terrace

veneers blanket all but the youngest accumulation. Based on numerous

excavations into this fill, and 14 radiocarbon dates, a history of

floodplain sedimentation can be traced: 1) Yellowish brown clay loam

was deposited during the late Pleistocene, above a bedrock thalweg 5 in

higher than the present level. Severe bedrock and floodplain erosion

then occurred. 2) During the early Holocene, aggradation of dark

yellowish brown clay loam occurred, over a bedrock valley floor already

as deep as that at present. Scattered within this unit are early

Archaic (ca. 9000 yr B.P.) chert artifacts. 3) Following a

brief interval of stability, brown silty clay loam accreted, but by

7200 
14

C yr B.P. the floodplain surface was again stable and soil for-

mation dominated over deposition. Abundant mid-Archaic chert artifacts

as young as 6400 
14

C yr B.P. in age were left behind by their makers

on this fossil floodplain surface, and pollen analytical studies docu-

ment an effectively drier climate in the region during this time.

4) By 6400 14C yr B.P., renewed overbank accretion was underway and

pollen analyses indicate an increasingly humid climate. Aggradation
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continued up to 420014C yr B.P., by which time the older surface,

artifacts, and soil were buried by veneers of dark brown silty clay

loam, itself containing late Archaic artifacts. 5) Two periods of

floodplain stability and soil formation, separated by aggradation,

occurred during the past 4000 years. The last period of stability

ended in the early 1800's; the introduction of row crop agriculture

into the basin at this time probably caused the historic episode of

renewed accretion which is still underway.

In response to altered hydrologic regimes, the Duck River

forms new floodplains by suspended load deposition on older flood-

plain surfaces, on vegetated channel banks, and on the higher

portions of vegetated in-channel bars. In contrast, lateral accre-

tion of point bar sands and gravels is not an important floodplain

forming process along this river.



INTRODUCTION

Ingrown meandering rivers such as the Duck are common throughout

uplands in the central United States and occur wherever competent rivers

flowing over resistant bedrock have excavated relatively deep and narrow

bedrock valleys, Their stronglyasymmetric cross-valley profiles and

well-expressed floodplains differentiate them from vertically incised

meandering rivers (Lewin, 1978), and their steep bedrock slopes on the

outside of river bends prohibit the rapid channel migration characteris-

tics of freely meandering rivers.

Few descriptions exist regarding the alluvial stratigraphy,

depositional facies, and chronology of this class of rivers. Here is

presented one such description, as obtained from artificial exposures

created by 18 backhoe trenches dug for stratigraphic purposes along a

32 km reach of the river. By using the complimentary techniques of

stratigraphic mapping and radiocarbon dating of the exposed sediments,

a lithostratigraphy and chronostratigraphy of the younger valley fill

have been documented. There is now, in fact, sufficient information

from this valley to describe a tentative local history of floodplain

sedimentation, erosion, and stability for the last 30,000 years.

Of wider interest than the local stratigraphy is the question

of exactly how and at what time scales floodplains along ingrown mean-

dering rivers are formed, In general terms, there exist significant

differences in investigatory methods and assumptions between

1



sedimentary geologists on the one hand, who commonly infer base-level,

tectonic, or climatic changes as controls over fluvial sedimentary

successions (Fisk, 1944; Otvos, 1980), and process geomorphologists on

the other hand, who study rivers as dynamic and complex systems where

local aggradation may be balanced elsewhere by erosion, and where geo-

morphic variables tend toward inter-adjustment (e.g., Wolman and

Leopold, 1957; Schumm, 1977; Bull, 1979). Radiometric-stratigraphic

studies of Quaternary alluvium can bridge this conceptual and time-

scale gap. Radiometric dating allows causative hypotheses relating

environmental change to fluvial reponse to be tested by comparison of

the alluvial record to independent environmental records. It is also

possible to compare the alluvial history of different streams within a

region against the common radiometric time scale (e.g., Haynes, 1968).

Thus, some dated sedimentary changes occurring locally may be the re-

sult of internal systemic causes (the "complex response" of Schumm),

whereas changes or trends occurring at the same time in different

river basins may have resulted instead from external, environmental

causes. In either case, alluvial stratigraphic and dating studies can

suggest patterns of sedimentation and erosion occurring in the recent

past along a river and thus demonstrate how the system has operated

over time scales of 102-104 years.

Here I first describe several relatively constant elements of

the environmental setting of the Duck River Valley which have influ-

enced its general characteristics and evolution; then the methods used

to investigate its alluvial history are summarized and the

2



lithostratigraphic and chronostratigraphic results are presented.

These results are then analyzed, in the context of the known complex-

ity of fluvial depositional systems, in order to demonstrate what has

been the style of floodplain accretion along this valley. Lastly, the

local sequence is compared to the applicable Quaternary histories of

changing environmental variables as well as to several other alluvial

sequences in the central United States.

I will show that: 1) at time scales of 104 years or longer

this river is a quasi-stable system, progressivly, but episodically

eroding a deeper bedrock valley; 2) at time scales of 10
2-104 years,

new floodplains are formed along the Duck River as older ones are par-

tially destroyed by a combination of restricted channel migration,

overbank accretion on the older floodplain surfaces, and suspended

load deposition on banks and in-channel surfaces; and 3) climatic and

human impacts appear to have been the important extrinsic variables

causing floodplain sedimentary changes along this river during the

past 30 , 000 years.

3



ENVIRONMENTAL SETTING

Figure 1 shows the location of the Duck River basin in relation

to the Tennessee, Ohio, and Mississippi Rivers. Three reaches along the

Duck were selected for reconnaissance--in the lower, middle, and upper

portions of the basin (respectively study areas 1, 2, and 3 on Figure

1), Stratigraphic mapping was conducted in study area 2, which is im-

mediately upstream from the Columbia Dam site near Columbia and extends

upstream to the Leftwich settlement (Figure 2). Study area 1 is at lat.

35 °35 1 N, long. 87 °45'W; study area 2 is at lat. 35 °35'N, long. 86 ° 50'-

87°10'W; and study area 3 is at lat. 35°32'N, long. 86 ° 38'W.

Environmental conditions which changed during the late Quater-

nary, and thus may have affected Duck River floodplain sedimentation,

are summarized in a later section. Here I describe those environmental

parameters which have remained relatively stable during the late

Quaternary.

Along most of its course, the Duck River has carved a meander-

ing, "ingrown" bedrock valley (Lewin's 1978 "type A"). The river is

confined between steep or vertical bedrock slopes on the outside of

bends and gradually sloping bedrock "slip-off" slopes on the inside of

bends (Figure 2). The resulting strong asymmetry of of cross-valley

profiles distinguishes this class or rivers from entrenched or incised

meandering rivers that exhibit relatively symmetric cross profiles,

e.g., the San Juan River of southern Utah (Shepherd and Schumm, 1974).

4
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Figure 1. Location of the Duck River Basin and the Three Study Areas.
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The terrain surrounding the valley proper is the forested and

dissected upland of the Nashville Basin and Western and Eastern High-

land Rim physiographic provinces (Springer and Elder, 1981). The

drainage pattern is dendritic. The underlying lithologies are Paleo-

zoic, nearly flat-lying, argillaceous, cherty, or phosphatic limestones

and shales, upon which have been superimposed joint systems locally en-

larged by solution.

The inner portion of the 100 km-wide Nashville Basin (an eroded

structural dome) is underlain by massive argillaceous limestones and

shales, whereas the outer portions are chert-free, high-grade,

phosphate-rich limestones. Topography in the moderately dissected

Inner Basin is rolling and gentle compared to the relatively steep,

narrow, valley walls common in the heavily dissected Outer Basin. In

study area 2, the river leaves the Inner Basin immediately downstream

from Cheek Bend and then flows through typical Outer Basin terrain up

to and past the dam site (Figure 2).

Because of the bedrock lithology, the hillslopes yield mainly

fine silt and clay liberated by chemical weathering of the limestones.

Coarse-grained sediments are relatively rare and consist mainly of

chert pebbles and quartz and chert sand concentrated by the river and

tributaries through winnowing. The river banks are composed mainly of

the cohesive clay and silt that the river carries as its wash load.

The river flows at or near bedrock level throughout at least

the middle and upper portions of its valley. In study area 2, its

average gradient is 3.9 m/km. The river ranges from between 175 and
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168 m above sea level in study area 2. The mouth of the Duck River is

at 109 m above sea level, and the higher elevations within the basin

are 580 m above sea level.



FIELD METHODS

The field work was conducted during the summers of 1980 and

1981, during which a total of about 2000 linear meters of cross-valley

trenches were dug by a backhoe or backhoe-bulldozer combination. The

backhoe trenches averaged 4 in in depth, but depths of 7-8 m were obtained

by the backhoe-bulldozer combination (Figure 3) or by a large, tread-

mounted backhoe. The locations of all of the trench excavations or

group of excavations are shown in Figure 2. The stratigraphic investi-

gations of this valley fill were in conjunction with an archeological

project sponsored by the Tennessee Valley Authority and directed by

Walter Klippel of the University of Tennessee.

The trenches were dug where: 1) the low terrace surfaces were

best differentiated, or 2) the presence of archeological surface mate-

rials suggested the occurrence of further archeological materials in

situ, within younger alluvium inset against the older fill. Trenching

where the fill is likely to contain archeological components allows a

better chance of age-dating the sediment, either through age-diagnostic

lithic artifacts or through radiocarbon assays of the associated wood or

nut charcoal.

During the course of the field work, it was noticed that concen-

trations of early cultural material (Paleoindian to Archaic Periods) on

the surface of the prominent "T2" terrace (Figure 2) did not indicate

the presence of such artifacts at depth within the T2 sediments, but

rather indicated their occurrence buried in the adjacent, younger and

9
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Figure 3. Excavating to Bedrock beneath the Holocene Valley Fill.--
Bulldozer exposure was created first (A), followed by backhoe
excavation to bedrock (B). A cross section of this exposure
is shown as a portion of section B in Figure 5.
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lower terrace (Figure 2, "Ti"). T2 sediments, in fact, proved barren

of any materials of clearly human origin, and thus most of the strati-

graphic work concentrated on the post-T2 sediments.

Sediments exposed by the trenches were primarily clay barns,

silty clays, silty clay barns, clayey silts, silts, sandy barns,  and

fine sands. The trench walls were cleaned by hand troweling and by

"pedding," that is, breaking apart clods of sediment in the walls along

natural planes of structural weakness. The latter technique revealed

gradational features best and showed the illuvial clay horizons and

soil structures changes especially well. However, smooth-troweling

proved better for revealing stratigraphic contacts and any included

clastic components, such as charcoal or artifacts. Such components

were flagged individually with different colored polyester tapes, in

order to study large-scale trends (Turner, Hofman, and Brakenridge,

1982).

The trenching method is a useful precursor to detailed archeo-

logical excavations in alluvial environments because it provides abun-

dant subsurface exposure in a short amount of time. Although vertical

profiles are more difficult for archeological data retrieval, they pro-

vide useful preliminary information before preceeding to time- and

money-intensive hand-dug controlled excavations. Backhow trenching is

useful also for geologic studies in this region, because vegetation

cover is normally heavy and natural exposures are rare. In particular,

the long continuous trench exposures commonly reveal complexities in

the local alluvial history that are not apparent in even closely spaced

auger or bore hole transects.



VALLEY AND ALLUVIAL SURFACE MORPHOLOGY

Before proceeding with stratigraphic descriptions, it is useful

to describe the general morphologic characteristics of the lower valley

fills and the valley itself. The marked lateral asymmetry of the valley

is illustrated by cross-valley profiles in Figure 4. The profiles are

spaced 0.8 river kilometers (0.5 mi) apart in study area 2 (Figure 2);

whereas representative profiles for study areas 1 and 3 illustrate the

general valley configuration downstream and upstream.

Most profiles show a gently sloping topographic surface on the

inside of channel bends and a steep bedrock slope on the outside; the

few symmetrical profiles are across the straight reaches (Figures 2 and

4, profiles 17, 43). There are also three alluvial surfaces or terraces

visible in the profiles -- T2, Tl, and TO in order of descending eleva-

tion above local river level.

The TO (lowest) surface is expressed locally (Figures 2 and 4,

profiles 12, 14, 31, 34) as discontinuous berms adjacent to Ti scarps

or as within-channel longitudinal islands. The surface is, however,

underlain by fine sandy silt and clayey silt typical of the river's

suspended load and not its bed load (see next section). Delcourt (1980)

shows a similar narrow and discontinuous TO alluvial surface along the

Little Tennessee River in eastern Tennessee.

The Ti terrace is expressed throughout the valley and is referred

to by Harmon et al. (1959) as the "lowest bottoms" in their soil survey.

It broadens in the downstream direction (Figure 2), and the two included

12
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alluvial components of different age (Tla and Tlb; see next section) be-

come better differentiated geomorphically (study area 1 profile, Figure

4). The T2 surface is labeled the "second bottoms" by Harmon et al.

(1959) and it is best expressed in the middle and upper portions of the

valley. Along the upper reaches (study area 3), Tl and TO are narrower;

but all three surfaces are present and lie at relative elevations above

local river level similar to those pertaining downstream.

At some locations in study area 2, the Tl surface slopes gradu-

ally up to the T2 level (Figure 4--profiles 5,28). However, at most lo-

cations, the Tl-T2 slope change is abrupt (Figure 4--profiles 2, 3, 6,

13, 25, 33, 38, 41) and T2 thus forms a prominent geomorphic terrace.

The stratigraphic work shows that a similar alluvial inset relation

exists between the T2 and Ti fills, whether or not the slope change is

well expressed.



LITHOSTRATIGRAPHY

Figure 5 (in pocket) shows cross sections of the mechanically

excavated exposures and the observed stratigraphy and dates. The loca-

tions of the sections are shown in Figure 2. A composite section at the

bottom of Figure 5 includes information assembled from all of the expo-

sures, including exposures E, F, G, and I (not shown), and thus is a

summary of the alluvial stratigraphy so far observed and dated.

The cross sections show the complexity of the valley fill, and

they indicate that topographic criteria (terrace surfaces) alone do not

adequately distinguish the local history of floodplain sedimentation

and terrace formation. This is partly because the geometry of the in-

dividual fills is similar to that described by Kozarski and Rotnicki

(1977, p. 89) along rivers in Poland: each younger fill laps up over

the next older fill and covers at least the lower portions of its sur-

face. Such "terrace veneers" are an important component of the Duck

River stratigraphy; buried terraces are the rule rather than the ex-

ception. For example, the Tl geomorphic surface is underlain by two

lithologically distinct units, the Cannon Bend (Tla) and Leftwich (Tlb)

formations. Yet this complexity is suggested only locally in study

area 2 by the topography (Figure 4, profiles 35,42) where a Tla bench

occurs slightly above the Tlb level. Along most cross-valley sections,

the Tlb sediment overlaps the Tla fill and extends to contact with the

15
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T2 scarp. At these locations, Tla is a buried terrace not visible at

the surface (Figure 5, sections A, B, C, and H). As a result of the

above, although terrace nomenclature is useful in the initial stages of

alluvial geologic work, abundant subsurface data compel the use of

lithostratigraphic procedures.

Distinguishing characteristics useful in mapping the fine-

grained facies of each formation include: color, texture, pedogenic

structure development, the presence or absence of primary sedimentary

structures, manganese hydroxide concretion content, charcoal content,

and the general nature of the included artifacts, if any (Table 1).

Coarse sand and gravel facies were rarely exposed, but where observed

they exhibited matrix textures and colors similar to that of the over-

lying fine-grained facies.

The textural descriptions of fine-grained facies given below

and in Table 1 are based on field-determined textures, supported by

sand/silt/clay ratios obtained by mechanical analyses performed by the

University of Arizona Soils Testing Laboratory (Figure 6). The mapped

trench sections shown in Figure 5 serve as local type sections in the

same manner that drilling logs have long been used in subsurface stra-

tigraphy. The lower valley bottom in study area 2 will be flooded by

the Tennessee Valley Authority's Columbia Reservoir. Most cultural

landmarks in this area have already been removed. The area is there-

fore not suitable for definition of formal type sections and names,

and my informal lithostratigraphic units are designated as such by a

lower case "f" in the word "formation".
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Figure 6. Sand/Silt/Clay Percentages for Samples of Fine-grained Facies
of the Alluvial Formations.
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From oldest to youngest: The Cheek Bend formation (T2) is

massive yellowish brown, brown, and strong brown mottled clay loam

or pebbly silty clay (Table 1). Its type section is section H in

Creek Bend (Figure 5). The formation is distinguished on the basis of

its yellow-brown color; ubiquitous motteling; the abundance of fine

sand and clay compared to silt (Figure 6); and the common occurrence

of zones of manganese oxide clots, coatings, and concretions. Des-

pite searching, no artifacts or charcoal have been found within

either member of this formation.

The Cheek Bend Lower member (T2a) underlies the tread of the

T2 surface and extends downward to bedrock through a total thickness

of 4.5 m at Cheek Bend and also at the Columbia dam site (Figure 7).

About 3 m of fine-grained "top stratum" sediments forms the upper

portion of this member, and about 1.5 m of "bottom stratum" sand and

gravel occur in the lower portion and rest on the Paleozoic bedrock.

The Cheek Bend Upper member (r2b) underlies the slope of the

T2 scarp, and this slope extends downward and riverward to the Ti

level. The excavations provided only poor exposures of this unit, and

its total thickness is unclear. A chert blade or scraper of probable

Paleoindian affinity was recovered from the upper surface of this unit

beneath the overlying Cannon Bend formation (J. Hofman, written

communication, 1981).

The two Cheek Bend formation members can be distinguished

lithologically by the occurrence of common, dispersed, patinated chert

pebbles within the Upper member and by the Upper member's somewhat
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Figure 7. Limestone Bedrock Topography (Patterning) Revealed by
Tennessee Valley Authority Drilling at the Columbia Dam Site,
Columbia, Tennessee.
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less yellowish hues (Table 1). A patinated chert pebble sheet always

marks the Upper/Lower member contact; this and the lack of a buried

soil indicates that the contact is erosional and the relation is inset.

The Cannon Bend formation (Tla) is massive brown or dark

yellowish brown clay loam, silty clay loam, or clayey silt (Table 1).

Its type section is section B in Cannon Bend (Figure 5). The forma-

tion is distinguished on the basis of its uniform brown color; high

silt content; the occurrence of common but dispersed thin, manganese

oxide coatings or fine concretions; and the included dispersed, fine

(<6 mm thick) fragments of wood charcoal. Early Archaic chert arti-

facts, including "Kirk Points" or fragments thereof, have been re-

covered from within this formation. Figure 8A shows the Cannon Bend/

Cheek Bend contact in Cannon Bend.

The Cannon Bend Upper member (T1a2) is superposed over the

Cannon Bend Lower member (Tlal) at sections D and H in Figure 5, but

it is clear from section D that the contact dips toward the river.

Section D also indicates a minimum thickness of 3 m for Lower member

fine-grained accretion, whereas the combined bulldozer-backhoe excava-

tion to bedrock (Figure 5, section B) reveals 6 in of Upper member top

stratum deposits resting on 1.5 in of bottom stratum sand and gravel

over bedrock.

The two members can be distinguished lithologically by the more

pronounced pedogenic structure development and more yellowish color of

the Lower member (Table 1). The contact between the two members is
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Figure 8. The Cheek Bend formation/Cannon Bend formation contact at
section C, as seen looking toward the change in slope from
the Ti surface in the foreground to the steeper slope of the
T2 scarp in the background (A). The Cannon Bend formation/
Leftwich formation contact at Section H, as seen looking to-
ward the river (B). Note in B the fossil floodplain topog-
raphy marked by the flagged pebbles, artifacts, and charcoal,
the latter of which dates from ca. 7200 to 6550 14C yr B.P.
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clear, but it is not marked by a pebble sheet. Instead, pedogenic

structure and reddish brown illuvial clay skins are both especially well

developed within the uppermost 1 m of the Lower member and appear to be

the remnants of a former floodplain soil. Such features are abruptly

replaced above the contact by sediment exhibiting less structure and

clay skin development. Point bar sands and gravel comprise a widespread

component of both members within several meters of the underlying bed-

rock.

Present at the surface of the Upper member and commonly buried

by the Leftwich formation is a dark grey fossil floodplain soil. This

soil follows the old levee and wale topography of the fossil flood-

plain (Figure 5, sections B, D, H). At section H, abundant artifacts

occur on this surface and within the soil (Figure 8B) and are components

of this region's Middle Archaic material cultures (Hofman, 1981a).

Rounded patinated chert pebbles occur together with the artifacts at

section H, but "refitting" of the chert artifacts and flakes shows that

none of the coarse clasts were deposited by the river. Instead, the

presence of both artifacts and pebbles is due to the activities of pre-

historic humans (Hofman, 1981b; Hofman and Brakenridge, in press).

The Leftwich formation (Tlb) is massive. dark brown silty clay

loam or silty clay (Table 1). Its type section is section J (Figure 5)

near the Leftwich settlement. This formation is distinguished on the

basis of its dark brown color, the absence of appreciable manganese

coatings or concretions, the common occurrence of fine to coarse
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charcoal, and the locally abundant content of Middle to Late Archaic

chert artifacts (Lower member) and Woodland ceramic potsherds (Upper

member).

The sand/silt/clay ratios of samples from the Leftwich for-

mation overlap with those from the Cannon Bend formation and thus are

seemingly not useful in distinguishing the two (Figure 6). The sand/

silt/clay ratios do, on the other hand, clearly distinguish samples of

the Leftwish formation from those of the Sowell Mill formation: The

Leftwich is must more clayey and less silty than the Sowell Mill

(Figure 6).

The Leftwich formation Lower member (T1b1) is poorly repre-

sented in the exposures so far excavated and mapped, which reveal

mainly its 3 m thick terrace veneer facies overlying the Cannon Bend

formation (Figure 5, sections D, H, J; Figure 8B). A 0.5-1.0 m thick

dark grey soil is developed on the surface of the Lower member at

Leftwich and elsewhere (Figure 5). The Leftwich formation Upper member 

(T1b2, T1b3) was well exposed at sections B, C, and D. At D, about 3 m

of fine-grained "T1b2" top stratum is present and overlies about 1.5 m

of bottom stratum dark brown sands and gravels that rest directly on

bedrock (Figure 5). About 1.5 m of T1b3 also veneers the T1b2 surface

at this location and buries a dark grey floodplain soil developed on it.

Note that the Upper member includes two phases of aggradation

of very similar appearing sediment separated by a period of stability

and soil development. Because the sediments are similar, I include
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both phases of aggradation (T1b2, T1b3) as belonging to the

lithostratigraphic "Upper member." The radiocarbon dating discussed

later is also compatible with this grouping, because both of the Upper

member accumulations are much younger than the Lower member accretion.

The two members may be distinguished on the basis of subtle but

consistent color differences: the Lower member is less grayish and ex-

hibits slightly more reddish or brownish hues (Table 1), and on the

presence of ceramic artifacts in the Upper member and on the lack

thereof in the Lower member.

Finally, the Sowell Mill formation (TO) is brown, commonly

bedded, silt or sandy loam (Table 1). It is distinguished on the basis

of its preserved bedding; brown color; absence of pedogenic structure

development; absence of manganese oxide coatings or concretions; pres-

ence of twig and leaf mats in its upper portions; the occurrence of

large dispersed historic artifacts, including iron fragments, industrial

slag or cinder, lead or steel shot, and, at one site, an 1820 A.D. coin

at its base (Entorf, 1981). This formation contains more silt and less

clay than the Leftwich and Cannon Bend formations (Figure 6). At the

type section by Sowell Mill Pike Bridge and the remnants of the old

Sowell Mill (Figure 5, section C), the trenches exposed 5 m of well-

bedded fine-grained top stratum. Bed Thickness ranged from 1 to 10 cm

(Figure 9A). The depth and thickness of the bottom stratum gravels and

sand are not known, but must be less than 1 m according to the elevation



Figure 9. The Aggrading Lowest Flat ("TO," Sowell Mill Formation)
Adjacent to the River in Cannon Bend (A) and the Massive
Silt Beds or Cross-bedded Fine Sand Beds within the Sowell
Mill Formation at the Same Location (B). -- See also
Figure 5, section C.
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of the bedrock floor exposed in the adjacent channel. The total

thickness of the Sowell Mill formation at this location is about 6 m.

The Sowell Mill formation underlies the lowest alluvial flats

along the Duck River (Figure 9B) and includes sediment being deposited

today. The formation also veneers the tread and scarp of Ti, so that

vertical and lateral aggradation of the Ti surface as well as TO is

still in progress.

28



DEPOSITIONAL FACIES

As noted above and shown on Figure 5, each formation includes a

relatively fine-grained, silty or clayey "top stratum" facies and a re-

latively coarse-grained, sandy or gravelly "bottom stratum" facies.

This division corresponds generally to the channel/overbank classifica-

tion of Thornes and Gregory (1978) but carries with it no implicit con-

clusions concerning sedimentary processes. Top stratum and bottom stra-

tom are instead convenient terms useful for mapping purposes. The sand

and gravel shown in Figure 5 are classified as bottom stratum facies --

the finer grained alluvium as top stratum.

In the exposures observed along this valley, bottom stratum se-

diments of each formation have their bases at the bedrock valley floor

or on its sloping sides and are buried by top stratum deposits. The

contact between the two facies is always sharp. Along some of the

higher-than-T2 terraces, however, slope wash has removed much of the top

stratum, and bottom stratum sand and gravel may directly underly the

present topographic surface. Slope wash has, in fact, partially eroded

and smoothed portions of even the T2 and Tl surfaces along some profiles

(Figure 4).

Top stratum deposits occupy a large portion of the valley fill.

At several exposures that extend to the bedrock valley floor (Figure 5,

sections B and D), about 75% of the total sediment thickness underlying

the Tla and Tlb terraces is fine-grained top stratum facies. This is

surprising in view of some previous studies, which describe a more domi-

nant role for point bar and other relatively coarse-grained sediments in

29
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valley fills (Wolman and Leopold, 1957; Allen, 1965). However, the

dominance of top stratum facies in some valleys has been described

before (Ritter, Kinsey, and Kaufman, 1973). If the top and bottom

stratum facies are the products of suspended load and bed load depo-

sition, respectively, then the percentage of a vertical alluvial suc-

cession occupied by each facies must be an indicator of the relative

intensities of these two processes. Thus, the general geometry of top

stratum and bottom stratum depositional facies along the Duck suggests

that suspended load deposition has been the dominant process connected

with floodplain aggradation (Brakenridge, 1981a). This point will be

returned to when the style of floodplain accretion along the Duck is

analyzed with respect to all of the stratigraphic, facies, and chrono-

logic information.

In detail, bottom stratum facies along this river include point

bar and channel lag sediments composed of rounded and patinated chert

pebble gravels and coarse quartz and chert sands. Top stratum facies,

including bank, natural levee, and flood basin sediments, underlie each

floodplain surface, and terrace veneer facies overlap the scarps and

treads formed by the older floodplain accumulations. Except for the

youngest (Sowell Mill) accumulation, all top stratum sediments are mas-

sive; previously existent bedding and sedimentary structures have been

obscured by the effects of post-deposition pedogenesis, bioturbation,

compaction, and other forms of incipient diagenesis. The overall geom-

etry of each top stratum accumulation is similar for each formation

(Figure 51, so that no major sedimentary regime changes such as from

braided to meandering are inferred.
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Because of the still-preserved bedding and sedimentary

structures, a closer examination of the Sowell Mill formation top

stratum provides information concerning late Quaternary top stratum

deposition in general. Section C in Figure 5 shows some of the depo-

sitional features of the Sowell Mill, including its relation to the

modern channel and older terraces, its contained bedding, and the con-

figuration of its depositional surface. Note that the Sowell Mill

formation forms the lowest, relatively smooth-surfaced alluvial flat

adjacent to the channel and that it is still being constructed by the

river in its present regime, as evidenced by the incorporation of

historic artifacts and leaf mats. It is covered with water when the

natural levee is overflowed, and it is composed of flood-deposited

sediment. Therefore, the surface and fill meet the criteria for

modern "floodplains" established by Gary, McAfee, and Wolf (1972) in

the Glossary of Geology.

Massive or graded silt beds between 1 and 10 cm thick can be

traced throughout local exposures of the fill (Figure 9B). Intermit-

tent beds of fine, cross-bedded sand are also present in the sequence

and are of similar thicknesses. It is not clear whether these cross-

bedded sediments represent: 1) larger floods with associated higher

flow velocities, or 2) winter floods with associated greater viscosity

of water, resulting greater tractive force, and less protective vege-

tation (see equations in Maddock, 1976a). In either case, the orien-

tation of the beds at section C illustrates the difficulty in

applying the traditional facies terms of "lateral accretion" and
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"vertical accretion" along this river. The bedding is subparallel to

the modern surface near the bottom of the exposures and becomes

parallel to the surface with increasing height. Near the river and

natural levee, the floodplain is aggrading vertically, but further

away from the river the bedding slopes upward over the older (Ti)

fill. These tilted depositional surfaces indicate lateral accretion

of fine-grained sediments toward the river. Lateral accretion of

the top stratum is thus an important component of deposition along

this river and is not restricted to point bar or other in-channel

deposits.



CHRONOSTRATIGRAPHY

Radiocarbon Dates 

Table 2 lists radiocarbon dates of samples obtained from

alluvial sediments along the Duck River in study area 2. Most sample

locations are shown on the cross sections (Figure 5). The inferred

geochronologic meaning of each radiocarbon assay is described below.

From oldest to youngest: A-2362 (7250 ± 350 
14

C yr B.P.) is

from a mixed sample of wood and hickory nut charcoal. Its sample loca-

tion is shown in Figure 5, section H. The sample was collected from

within a dark grey soil and cultural zone that is developed on the

Upper member of the Cannon Bend formation in the back-levee swale of

the old floodplain surface. In the swale, the soil is especially dark

and exhibits a sharp lower contact. This suggests that the soil pro-

file is partly cumulic in nature--that is, that in situ pedogenesis

proceeded coevally with in-washing of fine sediment from the adjacent

higher portions of this floodplain. The upper contact of the soil and

cultural zone is also sharp, and Leftwich formation terrace veneer

sediments conformably overlie and bury the soil at this locality. The

sample thus appears to date a period of floodplain stability and cumulic

soil profile development on the Cannon Bend surface immediately preced-

ing Leftwich sedimentation.

33
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Table 2. Radiocarbon Assays for Samples from the Middle Duck River
Valley.

LABORATORY	 MATERIAL
NO.	 DATE	 DATED	 FACIESa

TRANSECT
OR SITE

Sowell Mill formation

Coarse Wood
charcoal
Coarse wood
charcoal
Dispersed fine
wood charcoal

Tv

F
P

Iv

C

A

C

	

A-2358	 Ultramodernb

	A-2361	 380 ± 35

	

A-2357	 1570 ± 230c

Leftwich formation

Fine medium to
fine charcoal

FP DA-2554	 2830 ± 300

A-2363	 2980 ± 680 Medium wood
charcoal

FP B

UGa-3350	 3215 ± 125 Medium wood char-
coal & charred nuts

Tv I

A-2359	 3860 ± 500 Medium wood
charcoal

Tv C

A-2353	 4130 ± 130 Charred nuts Tv J
A-2366	 4190 ± 260 Medium wood

charcoal
Tv J

A-2365	 6160 ± 330 Medium wood
charcoal

Tv J

A-2367	 6240 ± 500 Medium wood
charcoal

Tv I

Soil on Cannon Bend formation

Charred Nuts Tv H,
40 Mu 141

UGa-3753	 6540 ± 110

UGa-3752	 6885 ± 90 Wood charcoal Tv H,
40 Mu 141

A-2362	 7250 ± 350 Medium wood
charcoal and
charred nuts

Tv H

aTv = terrace veneer, Fp = floodplain facies. See Text.
bFrom identical stratigraphic position as A-2357, but only charcoal frag-
ments clearly embedded in Sowell Mill matrix were collected (Figure 5).
cSample included charcoal from surface of underlying post-Leftwich forma-
tion paleosol (Fig. 5); age thus predates initiation of Sowell Mill de-
position.
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A set of two somewhat younger dates also relates to this interval

of stability and soil formation. UGa-3752 and UGa-3753 are samples of

wood charcoal and charred hickory nuts and date at 6885 ± 90 and 6540 ±

100 14C yr B.P., respectively. Both samples are from the above-described

soil and cultural zone and were collected by Hofman from a nearby (10 m

distant) archeological excavation (site 40 Mu 141, Hofman, 1981a,b).

The archeological site is located toward the river on the slope upward

toward the old Cannon Bend Formation natural levee (Figure 5, composite

section). The vertical sediment increment, from which both samples were

segregated, was 10 cm thick. The radiocarbon analyses indicate that the

wood charcoal sample is about 300 years older than the nut samples, de-

spite their having been retrieved from the same level. This result is

being tested by further comparison analysis of nut and wood samples

elsewhere in the study area. Note also that the 6885 B.P. (wood char-

coal) date is nearly within the error bar associated with the 7250 B.P.

date, so that there is a small statistical chance that the two samples

are actually the same age. In any event, the buried soil and cultural

zone are the best evidence for floodplain stability at about this time,

because the possibility of fluvial redeposition of fine wood charcoal

means that a range of dates is to be expected from such charcoal even

if deposited coevally (Blong and Gillespie, 1978).

A-2367 and A-2365, both samples of wood charcoal, were dated at

6240 ± 500 and 6160 ± 330, respectively. These samples are from the

basal portions of the Leftwich formation terrace veneers that overlap
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the Cannon Bend formation at Leftwich and Cheek Bend, respectively, and

bury the above-discussed paleosol. The two sample locations are suffi-

ciently above the buried soil present at both sites to be clearly asso-

ciated with Leftwich aggradation.

Taking all five of the above dates into account, it appears that:

1) Cannon Bend aggradation had ended by approximately 7250 14C yr B.P.,

and 2) stability and soil formation on the Cannon Bend formation sur-

face had ended sometime before ca. 6200 14C yr B.P., at which time the

Leftwich formation accretion was underway.

Six other radiocarbon dates have been obtained from the Leftwich

formation. A-2366 and A-2553 (4190 ± 260 and 4130 ± 130 14C yr B.P. re-

spectively) are on wood charcoal fragments and charred hickory nuts.

Their locations at Leftwich are shown in Figure 5, section J. Here

there is no obvious discrepancy between the wood and nut dates; however,

the samples are from somewhat different positions. UGa-3350 (3215 ± 125

14c yr B.P.) is from a wood and nut charcoal mixture. The sample local-

ity is Section I in Cheek Bend (Figure 2); the section is illustrated in

Klippel (1980). A dark gray soil profile is present at the surface of

the Leftwich terrace veneer accretions so that the 4190, 4130, and 3215

yr B.P. dates, which are from different locations near or within the

lower portions of this soil, may apply to a period of floodplain sta-

bility at about this time. Similarly, A-2359 (3860 ± 500 14C yr B.P.)

is on wood charcoal embedded within a dark gray soil developed on

Leftwich formation sediments at section C (Figure 5). Here the soil is



37

buried by younger Leftwich alluvium. Lastly, A-2363 and A-2554, both on

wood charcoal, are 2980 ± 680 and 2830 ± 300 14C yr B.P., respectively.

These samples are from charcoal fragments within the Leftwich Upper

member ; the 2830 date is from immediately below a paleosol buried

within the Upper member, and the 2980 date is from immediately above a

similar soil exposed at a nearby trench (Figure 5, sections B, D). From

these data, I infer that:

1) the Lower member of the Leftwich had been accreted by about 4000

14c yr B.P.;

2) Upper member sedimentation was well underway by ca. 2900-2800

14c yr B.P., at which time it was interrupted by a period of

stability and soil formation; and

3) a final phase of Upper member accumulation buried this soil and,

according to the following information, formed a younger flood-

plain surface that may have been stable until the early 19th

century.

Three dates are from the (youngest) Sowell Mill formation. As

shown in Figure 5, section C, A-2357 (dispersed fine wood charcoal) and

A-2358 (coarse fragments of wood charcoal) date at 1570 ± 230 and "ul-

tramodern" (post-1950 A.D.), respectively. Both samples are from nearly

analogous stratigraphic positions: the base of the Sowell Mill terrace

veneer where it overlies the Leftwich Upper member floodplain and asso-

ciated soil. It thus is surprising that the samples are of such differ-

ent radiocarbon ages. However, the much older 1570 B.P. date includes
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fine charcoal found at and slightly below the surface of the Leftwich

soil and may therefore include charcoal coeval to the period of soil

formation (Figure 5). In contrast, the ultramodern age is from large

fragments of charcoal located well above this soil and thus apparently

is free of contamination by charcoal associated with the buried soil.

Elsewhere along the river, the Sowell Mill veneer on the Tlb

surface buries cedar fence posts set into the soil discussed above

(Figure 5). Also, an 1820 A.D. coin in "mint condition" was recovered

at the base of a Sowell Mill terrace veneer at an archeological excava-

tion along Fountain Creek (R. Entorf, personal communication, 1981).

The coin was resting directly on the surface of the soil. In both cases,

a historic age for the initiation of Sowell Mill deposition is implied.

However, the last radiocarbon date, A-2361 (380 ± 35 14c yr B.P.), is

on coarse wood charcoal from 2.5 m below the surface of the Sowell Mill

floodplain at section A (Figure 5). This date is about 130 years too

old if the fill actually dates from the ealy 1800's. Trench stability

problems at section A prevented close examination of the walls, so that

whether or not there are metallic artifacts within the Sowell Mill at

this locality, as there are at others, is an unsolved question. Rework-

ing of older charcoal is also a possibility (Blong and Gillespie, 1978).

Note that if the charcoal originated from 130-year-old wood burnt in the

early 1800's, a 130 year-old dating error could easily result. I con-

clude that the available evidence favors a historic age for the Sowell

Mill formation.
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Archeological Evidence 

Based on present knowledge of the approximate radiocarbon age of

chert and ceramic artifacts from this region of Tennessee, the archeolog-

ical content of Duck River alluvial formations also provides age informa-

tion. Thus:

1) Early Archaic "Kirk" points or point fragments occur within the

Cannon Bend formation, and Middle Archaic "Eva" and "Morrow

Mountain" points or fragments occur at the surface of this for-

mation;

2) Middle to Late Archaic materials, including "Ledbetter" points

or fragments, occur within the Leftwich formation Lower member;

3) Woodland ceramic potsherds occur within the Upper member of the

Leftwich; and

4) metallic artifacts occur within the Sowell Mill formation, in-

cluding as low as 1.5 m above its base (Figure 5, section C).

No archeological components have been observed within the Cheek Bend

formation, but locally abundant Paleoindian artifacts occur on the sur-

face of the Cheek Bend formation where it underlies T2. All of the lo-

cal archeological data are described in more detail by Kippel (1980),

Hofman (1981a,b), and Mahaffy (1980).

Based only on the dates obtained elsewhere on the above archeo-

logical materials and especially on those from upstream portions of the

Duck in a reach of the valley now flooded by the Normandy Reservoir

(Faulkner and McCollough, 1973), the following archeology-based age
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estimates would obtain for the alluvium mapped in study area 2: ca. 9500

yr B.P. for the Cannon Bend formation; following ca. 6500 yr B.P. for the

initiation of Leftwich Lower member aggradation; ca. 3100 yr B.P. for the

cessation of Lower member aggradation; and ca. 2000-9000 yr B.P. for the

Leftwich Upper member aggradation. The Sowell Mill formation would be

estimated as younger than 200 years in age due to its included metallic

artifactual content, and the Cheek Bend formation would be estimated as

older than 12,000 years in age due to the occurrence of Paleoindian com-

ponents on its surface and the lack of any artifacts contained within.

Humans belonging to the Paleoindian cultures may have arrived in this

part of the United States sometime between 12,000-10,000 14C yr B.P.

(Martin, 1973), but there is no unequivocal evidence anywhere in the

eastern United States for humans being present before this time.
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Correlations 

Additional inferences can be drawn concerning the ages of the

Duck River alluvia by correlation with the alluvial sequences and dates

described along the Tennessee River by Chapman (1977) and the Little

Tennessee River by Delcourt (1980). In both valleys, a distinctive

alluvial terrace rises several meters above the broad "Ti" alluvial

surface that dominates the local valley floors; this terrace is labeled

"T2" at both localities (Chapman, 1977; Delcourt, 1980). A correlation

of the Little Tennessee T2 surface with the T2 surface along the Duck

River is supported by the similarity of the top stratum sediments un-

derlying each: massive fine-grained alluvium exhibiting a 7.5YR4/6

color with 10YR4/6 mottles and abundant Fe and Mn nodules along the

Little Tennessee (Delcourt, 1980); massive fine-grained alluvium exhib-

iting 7.5YR4/6, 5/8 colors with 10YR5/4, 5/6, 5/8 mottles and abundant

Mn coatings and clots along the Duck (Table 1). The Tl surfaces at

both localities are also similar and are characterized by 10YR3/3, 3/4,

or 4/4 colors; an absence of pronounced mottling; few or no Mn and Fe

nodules and coatings; and locally abundant contained artifacts. A

correlation of the Little Tennessee T2 surfaces with that described

along the Tennessee River is inferred by Delcourt (1980), again on the

basis of lithologic similarity. Based on the above, the "T2" surface

described at all three locations appears to be underlain by alluvium

of similar lithology and approximate age.

Radiocarbon assays of organic material from within the T2 ter-

race along the Tennessee River at the Watts Bar nuclear power plant
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yielded dates of 32,330 + 2720, - 4140 and 31,320 + 1550, - 1930 14C

yr B.P. (Chapman, 1977). If these dates are accurate and the proposed

correlations are correct, then the Cheek Bend formation may range in

age from about 32,000 to 14,000 14C yr B.P., with the Ti fills being

of younger age. Also, "basal organics interbedded with channel lag

sands and gravels" below the Ti surface at Bussell Island along the

Tennessee were dated at 14,860 and 10,760 14C yr B.P. (Chapman, 1977).

This indicates that the bulk of the Tl fill at these localities is

younger than these dates. Similar ages probably apply to the onset of

Cannon Bend aggradation along the Duck and are compatible with the

7250 B.P. date obtained from the cultural zone on the Cannon Bend for-

mation surface, as well as the archeologically inferred age of ca.

9500 14C yr B.P. for the Cannon Bend Lower member at locations from

which Kirk Points have been retrieved.

The (T2) Cheek Bend formation appears to correlate roughly in

age with the "Deweyville Terrace" discussed by Saucier and Fleetwood

(1970) along rivers in the south central and eastern United States.

This terrace and its associated alluvium are believed to date from ca.

30,000 to 13,000 14C yr B.P. The Cheek Bend formation is also an ap-

proximate age-equivalent of the Boney Spring formation, napped along

the Pomme de Terre River in southern Missouri by Haynes (1976; and in

press) and Brakenridge (1981b).

The Cannon Bend formation correlates lithologically and chron-

ologically with the brown, silt-rich, early to middle Holocene alluvium

mapped and dated at many locations in the central United States; the
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Chahokia Alluvium in Illinois (Willman and Frye, 1970; Miller, 1973),

the "Early Holocene Alluvium" in southwestern Wisconsin (Knox, McDowell,

and Johnson, 1980), the lower Rodgers formation in southern Missouri

(Haynes, 1976; Brakenridge, 1981b), and the older portions of the "Ti"

alluvium described by Delcourt (1980) in eastern Tennessee. A number

of authors interpret such alluvium to be the product of fluvial rework-

ing of Wisconsin-age loess (Miller, 1973; Butzer, 1978; Haynes, in

press) or as reworked eolian silt of early Holocene age (Brakenridge,

1980, and in press). In either case, a brown (e.g., 10YR5/4 moist)

silty, early to middle Holocene alluvial fill is a common feature of

many alluvial sequences along rivers in the central United States.

The dark brown, more clay-rich Leftwich formation appears to

correlate lithologically and chronologically with the ca. 6000 to 130

14C yr B.P. dark brown "Late Holocene Alluvium" described in south-

western Wisconsin (Knox et al., 1980) and with the middle and upper

Rodgers formation dark grayish brown (10YR4/2 moist) sediments of simi-

lar age found along the Pomme de Terre River in southern Missouri

(Haynes, in press). The historic-age Sowell Mill formation correlates

to similar historic alluvial units mapped and dated in the central

United States (Knox, 1977).
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IMPLICATIONS REGARDING FLOODPLAIN ORIGIN

The above results bear on the question of how and at what time

scales the Duck River creates or modifies its floodplain. Several hy-

potheses concerning mechanisms of floodplain sedimentation have been

proposed. Some are based partly on theoretical considerations, such as

those of Wolman and Leopold (1957). These workers conclude that over-

bank deposition must be controlled by a self-regulating feedback in

which deposition raises the heights of river banks, and successively

larger floods are required to overtop the banks. The study has been

widely cited as therefore indicating that "a floodplain is usually com-

posed primarily of lateral accretion deposits with an overlay of fine

vertical accretion deposits" (Schumm, 1977, p. 210). However, this

does not appear to be the case along the Duck River.

Other models of hypotheses are based on observations of modern

floodplain deposition rates (Alexander and Prior, 1971; Bridge and

Leeder, 1979). The latter authors list overbank deposition rates along

a number of rivers as varying from 0.3 to 91.0 cm/yr; nonetheless, they

conclude that overbank accretion is a relatively unimportant process.

My approach here is to address floodplain genesis from within

the broader context of the origin of the mapped sequence of alluvial

fill terraces along the Duck River. I describe first the floodplain

depositional system in general terms, in order to clarify the most ob-

vious of the many possible interrelations among dependent and independent
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variables. Then the overall history of floodplain accretion and valley

evolution along the Duck River during the late Quaternary is summarized

in light of the mapped alluvial stratigraphy and the radiocarbon dates.

Lastly, the independently demonstrated regional environmental changes,

which occurred during this same time period, are listed and compared to

this and other alluvial chronologies. By this comparison, the possible

effect (or lack of effect) of known environmental changes on Duck River

sedimentary regimes can be assessed.

The Floodplain Depositional System 

Some floodplains are highly dynamic even at time scales of

months to years (Lewin, 1978), but here I focus on decades to thousands

of years. At these time scales it is clearly the average or net values

of sediment added or removed over a period of years or decades that is

important.

As noted, floodplains can accrete by the deposition of a portion

of the river's sediment load during overbank floods (Schumm and Lichty,

1963; Ritter et al., 1973). Two other processes are also commonly ob-

served: the deposition of alluvial fans where valley-marginal tributary

streams debouch onto the valley flat and experience reduced gradients

(e.g., Garner, 1974, p. 48) and the lateral migration of an aggrading

channel (Saucier, 1977).

For these three processes of floodplain deposition, the impor-

tant direct controls appear to be:

1) the magnitude, frequency, and duration of overbank flooding and
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the amount of deposition or erosion accomplished over the long

term by such floods;

2) the deposition rates associated with alluvial fan accumulation;

and

3) the rates of accretion or erosion of bank or bar sediments ac-

complished by lateral channel migration.

The relative importance of these parameters will determine the resulting

alluvial stratigraphy.

The rate of each process is controlled to some extent by exter-

nal environmental variables (e.g., climate, vegetation, tectonism), but

in somewhat less obvious ways the rate of each process is also controlled

by dependent variables within the system. Pre-existing conditions may

also play an important role. Thus, river channels are not free to mi-

grate laterally once they have incised themselves into bedrock. Another

example is that the presence of alluvial fan-forming valley side tribu-

taries carrying abundant sediment load may depend on the local bedrock

lithology and structure. Table 3 is a partial listing of pre-existing

conditions, independent variables, and dependent variables and their role

in promoting overbank deposition, channel migration, or alluvial fan ag-

gradation.

A different set of antecedent constraints, independent variables

and dependent variables favors each of the three processes. Overbank

deposition is favored by relatively high suspended load sediment concen-

trations, by increased flooding, and by decreases in channel cross
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sectional area, among other variables. The rate of lateral cutting and

point bar deposition depends less on overbank flood frequency than on

the frequency of in-channel high flows and the effectiveness of physical

weathering processes on the river banks. Point bar deposition depends

also on bedload sediment concentrations. Alluvial fan deposition is de-

pendent on the frequency, duration, and magnitude of localized precipi-

tation events such as summer convective thunderstorms and on other pro-

cesses that favor local slope instability and sediment production with-

out necessarily enhancing sedimentation by the river itself.

Following any given perturbation, elapsed time will be a major

variable: a change favoring high hillslope sediment production may first

be manifested by rapid alluvial fan accumulation, followed by river sedi-

mentation as more of the sediment is routed into the main drainage.

Clearly, the system is more complex than Table 3 might suggest. Other

components of floodplain systems not shown in Table 3 include lag times,

self-regulating feedback mechanisms, hysteresis, and geomorphic thresh-

olds. Such components describe the manner in which variables or para-

meters interact and thus are best illustrated by example. The example

given below illustrates a series of possible responses to an environ-

mental perturbation which together constitute a self-regulating feedback

mechanism--the rate of geomorphic change is, with the passage of various

lag times, dampened to near zero. Such responses typify floodplain de-

positional systems tending toward "steady state" (Maddock, 1976b).
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Perturbation: Climatic change or the introduction of row crop

agriculture into a previously forested basin increases the magnitude of

floods having a recurrence interval of one to two years and also the

frequency of overbank floods (see case examples given by Leopold, 1973,

and Knox, 1977).

Response: Floods with a recurrence interval of between one and

two years are the dominant channel-forming flow events in many alluvial

channels (Dury, 1968, 1973; Woodyer, 1968). In response to increased

flooding, an increase in the channel cross-sectional area will there-

fore result unless slope is increased or large reductions in channel

width/depth ratios or channel roughness are accomplished. Both of the

latter adjustments may result in increased river velocity, so that

somewhat higher discharges could be accommodated without flooding (this

is the goal of artificial stream channelization projects). Along nat-

ural channels, however, changes in slope, width/depth ratio, and chan-

nel roughness apparently play a minor role in comparison to the

relatively large increases in channel cross-sectional areas documented

by Leopold (1973), Knox (1977), and others.

An increase in channel cross-sectional area can be accomplished

either by channel entrenchment and widening or by overbank deposition in

the form of natural levees. The latter itself can significantly enlarge

the channel as well as decrease the width/depth ratio and thus favor in-

creased velocity (Schumm, 1977). The adjustment actually occurring will

depend on bedload and suspended load sediment concentrations following
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the perturbation. If sediment concentration is high, natural levee

construction and/or in-channel aggradation may occur; it it is low, the

channel may enlarge by excavating floodplain or channel sediment to

widen or deepen its channel (Maddock, 1976a, b).

If bank cutting occurs along straight reaches, channel enlarge-

ment might occur with little change in channel position; but if it oc-

curs along meander bends, bank cutting will be accompanied by channel

migration. In this matter, floodplain lateral erosion (bank cutting),

lateral accretion (point bar deposition), and overbank deposition

(levee construction) occur simultaneously along some reaches. (See

profiles in Leopold, 1973).

Following a lag time whose duration depends on the cohesiveness

and erodibility of floodplain and channel sediments and on the deposi-

tion rate of overbank accretion, the channel and floodplain configura-

tions will reach a stable condition insofar as overbank accretion is

concerned: progressively larger and more rare flood discharges should

be required to produce overbank floods and depositions (Wolman and

Leopold, 1957). Under such conditions, and given a stable channel, soil

development on floodplains will occur. However, alluvial fan deposi-

tion may continue to raise the surface locally or, along rivers where

channel migration is a continus process, reworking of alluvium within

the meander belt will continue.

In contrast to the above, in which periods of fluvial activity

are separated by stability, floodplain systems may also experience long-

term aggrading or eroding conditions; such states have commonly been
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related to base-level changes (Fisk, 1944; Saucier and Fleetwood, 1970).

Also, depending on antecedent conditions, increases or decreases in

hillslope-derived sediment load may push a river over the "critical

power threshold" (Bull, 1979) and cause net deposition or erosion to

occur. The reestablishment of sedimentary stability, as opposed to

stability in channel/floodplain sizes and relationships, depends on

other sorts of feedback mechanisms than were outlined above.

In this respect, Schumm and Parker (1973) indicate that the

series of alluvial fills (net aggradation) and subsequent entrenchments

(net erosion) documented along some valleys could be the lagged results

of a single initial perturbation. The particular mechanism they des-

cribe probably does not operate along the Duck River Valley: the tribu-

tary drainage net is at or very close to resistant limestone bedrock, so

that large increases in hillslope sediment supply would not result from

base-level fall and steeper stream gradients. Moreover, I will in a

later section demonstrate that the alluvial history, next to be dis-

cussed, does not require the inference of alternating periods of net

aggradation and erosion along this river.
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History of Floodplain Accretion 

Following is a summary of the assembled lithostratigraphic and

chronostratigraphic information for the Cheek Bend, Cannon Bend, Left-

wich, and Sowell Mill formations. Refer also to Figures 10 and 11.

1) By about 33,000 14C yr B.P., the bedrock underlying the T2a

fill had been excavated and the T2 floodplain was being ag-

graded.

2) Sometime prior to 10,000 14C yr B.P., a lower bedrock valley

was cut by the river along this reach.

3) Between ca. 10,000 
14

C yr B.P. and the present, a succession

of seven alluvial fills, dominated in vertical section by fine-

grained top stratum facies, accreted over this bedrock valley:

Tlal (10,000?-8000? B.P.); Tla2 (8000?-7200 B.P.); Tlbl (6200-

4200 B.P.); T1b2 (3900-3000 B.P.); T1b3 (2600-1600 B.P.); and

TO (ca. 250 B.P. to the present). Also, floodplain soil for-

mation, including the development of mollic epipedons that are

especially thick in floodplain swales, is known to have oc-

curred during the following periods: post-T1a2 soil (7200-

6400 B.P.); post-Tlbl soil (4200-3900 B.P.); post-T1b2 soil

(3000-2600 B.P.); and post-T1b3 soil (1600-150 B.P.). Note

that no well-developed floodplain soils are present on the TO

surface or have so far been napped occurring on the Tlal fill.

However, the strong pedogenic structure and clay skins pre-

served within the upper portions of the Tlal fill suggest that

a soil did form, but that its A horizon was either eroded or

removed by oxidation.
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Figure 10. Geologic Column for the Middle Duck River Valley.



Figure 11. Inferred History of the Middle Duck River Valley
Floodplain. -- See Figure 5 for Key to Symbology.
Floodplain surfaces are shown following periods of
soil development and immediately preceeding deposition
of the next younger fill.
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Figure 11. Inferred History of the Middle Duck River Valley Floodplain



55

Other evidence helps describe the style of long-term floodplain

deposition and erosion. Along some cross sections, the conformable con-

tacts that separate terrace veneers from underlying veneers or from pri-

mary floodplain accretions become erosional as they dip toward the river

and laterally truncate the older fills (e.g., TO/Tlb, sections A and J,

Figure 5). These erosional unconformities imply bank cutting by the

river, either through: 1) lateral back-migration of the river, or 2)

a general widening of the river channel at the expense of floodplain.

At section J, the major process seems to have been the former, because a

TO fill has accreted on the opposite side of the river even as bank

erosion occurred at section J (Compare Figures 2 and 5).

Some dipping alluvial contacts are, in contrast, conformable and

do not truncate the older floodplain surface and associated paleosol

(e.g., TO/Tlb, section C, Figure 5). Such contacts imply either: 1)

lateral "outward" migration of the river, which may allow a younger fill

to be emplaced adjacent to an older fill without erosion; or 2) general

channel narrowing through bank and floodplain accretion. In order to

test these alternatives, more attention must be given to the possible

role of channel migration along this valley.

History of Channel Migration 

Flume simulations of bedrock erosion by rivers show that scour

occurs preferentially on the outside of channel bends, provided the

available sediment load is incompletely entrained (Shepherd and Schumm,

1974). Lateral channel migration into bedrock occurs under these
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conditions, while at the same time point bar deposition proceeds on the

insides of bends. Meanders carved into bedrock may thereby evolve from

minor bends in the river. In contrast, when stream power is more than

sufficient to entrain the available sediment load, scour may occur down-

ward vertically even along bends, and the channel may in fact straighten

by inward channel migration at the former point bar locations. Such

straightening agrees with field observations showing that the locus of

flood scour moves inward on channel bends during large floods (Baker,

1977). Thus symmetrically entrenched channel meanders may result from

erosion by a relatively high competence stream; whereas the non-

symmetrically incised Duck most likely carved its bedrock valley over

geologic time by progressively outward and downward scour, while main-

taining typical valley bottom features such as point bars and flood-

plains. It is desirable to estimate the possible rates of lateral bed-

rock scour in order to assess its role in the geometry of floodplain

accumulation.

Because the outer "cut bank" side of the Duck's channel is lime-

stone bedrock along most reaches (Figure 2), large storms and floods may

be required for lateral channel erosion to occur. The threshold for bed-

rock erosion may, in fact, not be reached except for such events (e.g.,

Baker, 1977). However, lag periods between flood events may also play

an important role. Mechanical freeze-thaw weathering, chemical weather-

ing, and soil development in general could weaken such slopes through

time, so that even moderate floods might subsequently remove the
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regolith. Baker (1977) notes that undercutting aided by groundwater

seepage and sapping is an important erosional process along ingrown

meandering streams flowing through limestone bedrock terrain in Texas,

and also that bedrock spalling following flash floods is important in

some soft limestone lithologies.

Whatever the exact mechanism involved, the terrace and bedrock

cliff patterns shown in Figure 2 demonstrate that significant lateral

channel migration into bedrock has occurred during even the late

Quaternary. The map shown that the style of lateral erosion generally

is similar to that typifying freely meandering rivers: the locus of

bank erosion proceeds both outward and downstream through time. Three

examples illustrate this.

1) A comparison of the trends of the T3 and T2 surfaces along the

reach between profiles 25 and 27 (Figure 2) shows that at this

location the locus of lateral bedrock erosion (the apex of the

bend) has moved downstream from midway between profiles 25 and

26 during T3 time to near profile 26 during T2 and later time.

2) A comparison of the T2 and Tl surfaces between profiles 43 and

39 (Figure 2) indicates that the apex of this bend also has

moved downstream from near profile 40 during T2 time to near

profile 41 during Tl time. Note also that since T2 time the

river has cut laterally a minimum of 0.19 km into bedrock at

profile 41. Downstream from this point it left its former

position along the west valley wall and swung eastward later-

ally toward the opposite side of the valley.
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3) Lastly, between profiles 2 and 5 (Figure 2), the apex of the

bend was formerly near profile 3, but by Ti time it had moved

downstream to a position .25 km south of section J, Here the

apex is shown on the map by an indentation in the cliffs bound-

ing the west side of the valley. As noted, at section J itself

the river is at present migrating eastward, eroding the Ti fill

as it does so, and depositing a TO fill along its trailing edge.

Estimates of the minimum average rate of lateral channel migra-

tion can be obtained from such examples by comparing present and T2 (ca.

33,000-14,000 yr B.P.) bedrock cliff positions. At profile 41, at pro-

file 29 and at .25 km south of section J, the amount of post-T2 bedrock

cliff retreat thus inferred is: 190, 175, and 75 m, respectively

(Figure 2). These numbers correspond to average lateral erosion rates

of 1.0, 0.9, and 0.4 m/100 yr, respectively, assuming a 20,000 year time

span for the erosion to occur. If instead a 30,000 year time span is

assumed, rates of 0.6, 0.6, and .25 m/100 yr result; whereas if the

erosion occurred since the beginning of Ti aggradation, about 10,000

years ago, rates of 1.9, 1.75, and .75 m/100 yr pertain. In short, the

river has eroded laterally into bedrock at average rates of at least .25-

.6 m/100 yr, depending on the locality. Rates of .75-1.9 m/100 yr may

actually be more reasonable, due to the apparent accretion of Ti file

as the lateral erosion was taking place.

These results suggest that lateral channel migration did play an

important role in the aggradation of the Duck River alluvial sequence.
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The rates can be tested by comparison with the cross sections shown in

Figure 5. As noted, conformable contacts occur at some localities and

relict floodplain topographies are marked by buried floodplain soils.

At such locations, the positions of the former river banks either can be

observed in exposure or inferred by minor extrapolation. Thus, the

river banks associated with the Tla2, T1b2, and T1b3 primary floodplain

accumulations along section B are at horizontal distances of 44, 20 and

3 m inward from the modern (TO) bank, respectively (Figure 5). The ages

of the surfaces of these three fills are about 6400, 3000, and 250 yr

B.P. according to the chronostratigraphic results. If lateral migration

of the river was responsible for these changes, then migration rates of

.7,1.7,and 1.2 m/100 yr, respectively, pertain. These rates agree gen-

erally with the rates of lateral bedrock excavation obtained above. It

therefore appears that the sequence of conformable fills at this site

are most simply explained by periods of overbank accretion, separated by

stability and soil formation, in the lee of an outwardly migrating bed-

rock channel.

Such a role for channel migration is not evidence against the

existence of hydrologically caused changes in the channel cross-

sectional area. In fact, as described previously, the two processes are

compatible: increases in channel width along a river bend will be accom-

plished mostly by bank cutting on the outside of the bend; such cutting

would clearly enhance channel migration rates as well (see case history

of modern lateral cutting described by Leopold, 1973).
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Net Deposition and Erosion 

Do the Duck River terraces, cross sections, contacts, and dates

indicate the existence of alluvial "cut and fill" episodes? Each dated

fill clearly represents local deposition, and local erosional trunca-

tions of alluvium must represent at least local erosion. However, tak-

ing the study area 2 reach as a whole, net deposition inferences are

difficult to defend. Figures 5 and 10 show that there is relatively

little difference in total thicknesses of the T2a, Tlal, T1a2, Tlbl,

T1b2, T1b3 and TO primary fill accumulations. They are all on the order

of 4-6 in in thickness. The T2b fill has not yet been well exposed. Al-

though the T2 surface everywhere stands considerably above the Ti sur-

face, this is due to its resting over a higher bedrock floor. The

slightly higher surface of Tla above Tlb is shown in Figure 5 to be due

mostly to Tla being underlain also by a stack of Tlb and TO veneers.

The surface of TO is below the Tlb level because it is underlain only

by a simple primary floodplain accumulation. The observed thicknesses

of the fills, therefore, provide no clear evidence for periods of net

aggradation within this valley during the late Quarternary. Instead

the level of the primary floodplain adjacent to the channel has re-

mained approximately the same.

In contrast, a period of vertical bedrock erosion that preceded

the deposition of Tlal and was accompanied by widespread erosional trun-

cation of the T2a fill (Figures 5 and 11) did occur. Figure 7, the

sections shown in Figure 5, and other field observations consistently

document the presence of a much higher bedrock floor beneath the T2

accumulation. Older and higher bedrock terraces occur above the T2
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level and seem to record a persistent style of episodic bedrock

erosion. Although tectonism could explain these terraces, the work of

Weaver and Schumm (1975), as illustrated in Schumm (1977, p. 216),

shows that bedrock terracing may result from progressive erosion by a

degrading river, with or without continued basin uplift or base-level

fall. Thus, the pulse of vertical bedrock erosion accomplished by the

Duck River during the late Pleistocene does not necessarily have any

specific extrinsic causation.

Late Quaternary Environmental Variables 

Now to be examined is the relationship between the dated peri-

ods of fluvial stability (floodplain stability and soil development)

and activity (overbank accretion and channel migration) and Holocene

environmental change. Regional environmental conditions which may have

changed during the late Quaternary and thus have affected Duck River

floodplain sedimentation include climate, vegetation, local tectonic

activity, and human land use. The historic and inferred prehistoric

states of these variables are described below.

The present climate of central Tennessee is relatively uniform

throughout the area and is warm, humid, temperate, and continental.

Mean January temperature during the early to middle 1900's was 4.5 ° C

and that of July was 27°C. Total annual precipitation averaged 132 cm

during this same time period, with the highest monthly totals occuring

during November through April (Springer and Elder, 1980). Late summer-

early fall droughts occur frequently but are not usually severe. In-

cursions of Atlantic low-pressure cells and hurricanes are rare this

far west, so that most fall and winter precipitation is of the
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widespread frontal type; whereas that of summer is usually from

localized convectional storms.

Oak-hickory forest today occupies most of the uncultivated and

unurbanized portions of the basin, with n cedar glades" (oaks, juniperus 

sp., and prickly pear cactus) occupying some relatively open and edaph-

ically xeric limestone hilltops. Pollen studies from central and west-

ern Tennessee (Delcourt, 1979) indicate that a jack pine-spruce boreal

forest occupied central Tennessee during the full glacial. This forest

was replaced during the late glacial phase of continental glacier re-

treat by spruce-fir-deciduous forest; jack pines became locally extinct.

A cool temperate mixed-deciduous forest prevailed at the beginning of

the Holocene, but gradually increasing warmth and more frequent summer

droughts put coniferous species at a competitive advantage, and by ca.

7000 
14

C yr B.P. the cedar glades had expanded considerably beyond their

present location (Klippel and Parmelee, in press). At the same time,

the prairie/forest boundary in the central United States had migrated

far to the east of its present limit, and deciduous tree species grew

further to the north in Wisconsin and Michigan (Bernabo and Webb, 1977;

King, 1981). Mesic tree species in central Tennessee apparently became

restricted to the cooler edaphic locations, such as northeast-trending

ravines (Delcourt, 1979). Between ca. 6000 and 4000 
14

C yr B.P., the

local and regional climate became more moist: the prairie/forest boun-

dary retreated westward, the local cedar glade habitats contracted, and

mesic decidous species in Tennessee became more abundant (Bernabo and

Webb, 1977; Delcourt, 1979; Klippel and Parmalee, in press). The amount
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of vegetational change and inferred climatic change in Tennessee since

4000 
14 C yr B.P. has been relatively small, according to the pollen

analyses cited above.

There is scattered pollen evidence from elsewhere in the central

United States that intermittent, relatively brief periods of sharply

cooler and/or moist climate were superimposed on the longer term cli-

matic and vegetational trends, especially during the last 4000 years.

Unusually sensitive pollen core sites on vegetational ecotones and with

high sediment deposition rates are required to show such short-term cli-

matic changes (Bernabo, 1981). In Michigan, one such cold period oc-

curred at ca. 500 A.D. and lasted about 500 years; another occurred at

ca. 1450 A.D. and lasted about 400 years. In both Michigan and central

Illinois, the most recent such interval ended immediately prior to west-

ern settlement about 200 yr B.P. (Bernabo, 1981; King, 1981).

Paleoclimatic reconstructions based on the central Tennessee

pollen results indicate that local climate during the Wisconsinan full-

glacial was characterized by about 75 cm less annual precipitation and

13 °C cooler mean annual temperatures than those of today (Delcourt, 1979;

Solomon et al., 1980). In contrast, the "prairie maximum" period was

not reconstructed as significantly warmer than today, but annual preci-

pitation is concluded to have been 35 cm less (Solomon et al., 1980).

Applying the climate/runoff relations given in Schumm (1965) to these

paleoclimatic reconstructions yields some interesting results.

1) The mean annual runoff of today would be predicted at 56 cm,

using the present annual temperature of 14 °C and annual
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precipitation of 140 cm. This compares reasonably well with

the actual runoff of 52 cm measured for the Duck River basin

at Columbia (U.S. Geological Survey, 1958).

2) Predicted full-glacial annual runoff is only 23 cm, and prairie

maximum period runoff is 28 cm, using the above pollen-drived

paleotemperature and paleoprecipitation estimates.

Thus, both periods may have been characterized by reductions in basin

runoff and river discharge by about 51-56%, with the full-glacial

period characterized by much reduced temperatures and precipitation,

and the prairie maximum period by mainly a precipitation reduction,

with temperatures remaining about as warm as those of today. However,

note that Table 3 suggests that total or mean annual discharge have

less relevance to floodplain deposition than do frequencies, magni-

tudes, and durations of peak discharges.

In this respect, an examination of historic flow variability

along the Duck River also provides some insight into the likely prehis-

toric variability. During the 1920-1970 period of flow records at Colum-

bia, Tennessee the mean annual discharge was 54.8 m3/sec, with the up-

stream drainage area being 3170 km
2 (U.S. Geological Survey, 1971). The

flow records show the river to be perennial, although brief periods of

no flow occurred for several days in October, 1922; November, 1963; and

October, 1964. Figure 12 shows three charts of historic Duck River

peak discharge at different time scales--years, months, and days.
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DAILY DISCHARGE DURING INDIVIDUAL FLOODS

Figure 12. High Flows along the Middle Duck River Valley at Three
Different Time Scales. -- Discharge data from U.S. Geolog-
ical Survey (1958, 1961, 1964, and 1971) for Columbia,
Tennessee. Discharges at which the TO and Tlb levees are
overtopped are shown (see text). The upper graph shows
all recorded overbank discharges; the middle graph shows
monthly maximum discharges for 1961-1970; and the lower
graph shows the duration of overbank discharge for indi-
vidual floods during the same time period.
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Historic changes in flood regime are suggested by the upper

chart (Figure 12A). The chart shows that the low natural levees sepa-

rating the TO surface from the river channel were overtopped by high

flows about twice per year, on the average, during the 1920-1970 period.

In contrast, the upper levees constructed of TO sediment above the Tlb

scarps (marked as "Tlb levees" on Figure 12) were overtopped about once

every 1.6 years. The Tlb surface thus would be considered the modern

hydrologic floodplain, if bankfull recurrence intervals of 1-2 years

were used as the sole criterion of channel definition (Dury, 1973).

However, high flows overtopped the upper levee only 11 times in 1920-

1945 but 20 times in 1945-1970. If such different long-term flood

regimes were to persist, the resulting changes in the number of over-

bank flows could increase or decrease average overbank deposition rates.

Knox et al. (1975) show that a similar change toward increased flooding

occurred about 1950 in the Upper Mississippi Valley as a whole, and they

concluded that this change was due to enhanced meridional upper atmos-

pheric circulation beginning at this time. Historic and prehistoric

changes in flood frequencies and magnitudes due to climatic change pro-

bably occurred along the Duck River as well and should have affected

overbank deposition.

The other two charts in Figure 12 illustrate further this

river'shydrologic regime as experienced by the floodplain surfaces.

The typical strong seasonality of peak discharge is shown in the mid-

dle (monthly) chart. The widespread nature of winter precipitation

and the lower winter evapotranspiration together result in much higher
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winter flood peaks. The TO surfaces are frequently overtopped by

monthly maximum discharges during the winter but only rarely during the

summer. The lower chart shows a different aspect of flow regime. In-

dividual overbank floods differ in their duration, and this will affect

the amount of sedimentation and erosion accomplished by each event.

Note that even the low TO surface is the scene of flood discharge for a

total of at most ten days during the largest floods.

Next must be considered the possible tectonically induced

fluvial changes. The historically active New Madrid fault zone is

located 160 km to the west of the study area (Figure 1). Although net

vertical displacement along this intracratonic fault zone during the

Quaternary has been small (Zoback, 1979; Zoback et al., 1980), wide-

spread ground shaking (Mercalli intensity = 4 and 5) associated with the

recorded high-intensity earthquakes in 1811 and 1812 (Miller, 1977)

could have caused temporary hillslope instability, drainage changes,

and perhaps major changes in spring discharge at this time. The New

Madrid quakes are known to have caused significant fluvial geomorphic

changes along the Mississippi River floodplain at considerable distance

away from the epicenter (Saucier, 1977). However, the Nashville Dome

area through which the middle Duck flows is normally considered aseis-

mic (Stearns and Wilson, 1972). Unfortunately, in the absence of a

documented history of late Quaternary tectonism in the area, it is dif-

ficult to prove and disprove tectonic influence on Duck River sedimenta-

tion.
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Last to be considered is intensive human land use within the

basin. This portion of Tennessee was first settled by people of Euro-

pean descent immediately after the American Revolutionary War in the

late 1700's and in increased numbers during 1800-1820 (U.S. National At-

las, 1977). The population of Maury County, of which Columbia is the

county seat, was 7772 in 1810, 42,703 in 1900, and 40,368 in 1950 (Har-

mon et al., 1959). Corn, wheat, and tobacco were and are grown through-

out the basin. However, much formerly cultivated land is now in timber

or used for pasture,and the amount of land plowed has decreased signif-

icantly in the 1900's. By 1959 "a large acreage of cropland had re-

verted to woodland or pasture" (Harmon et al., 1959) and it is known

that soil erosion lowered the fertility of many farms in this part of

Tennessee in the 1800's (Springer and Elder, 1980). The number of cat-

tle, however, may not have declined similarly. There were 30,243 head

in 1940 and 42,191 in 1964 (Harmon et al., 1959). Land used for pastur-

age thus expanded even as cultivated acreage declined, and the old

eroded fields are now in timber, or are grazed, or both.

Duck River Responses to 
Environmental Change 

Abundant literature describes for other rivers supposed late

Quaternary river responses to: 1) climatic and vegetational changes

(Dury,1965:Haynes,1976 and inpress; Looney and Baker,1977;Baker, press;

Brakenridge, 1980, 1981a, in press; Delcourt, 1980; Knox et al., Scully

and Arnold, 1981; 2) tectonically or glacially induced relative base-

level changes (Fisk, 1944, Saucier and Fleetwood, 1977; Otvos, 1980
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Reed, 1981); and 3) human land use (Costa, 1975; Knox, 1977; Noland

and Janda, 1979). As discussed previously, an increasingly influential

body of literature also describes the complexity of fluvial geomorphic

systems and the possibility of multiple geomorphic changes being due

to complex response mechanisms following minor perturbations (Schumm

and Parker, 1973; Patton and Schumm, 1981). The question at hand is

whether any of the floodplain sedimentary changes documented along the

middle Duck River Valley were directly caused by environmental changes.

I focus here on the Holocene, because it is this portion of the

Duck River sequence that has been most completely described and dated.

Also, for middle and late Holocene time, continental glaciation-related

effects can be ruled out. The facets of the alluvial record to be con-

sidered are the dated periods of enhanced river activity, separated by

stability. Comparison of these periods in time to the independent

paleoenvironmental evidence discussed above suggests some causal in-

ferences (listed below):

1) The earliest clearly documented interval of floodplain stability

and soil formation, at 7200-6500 
14

C yr B.P., occurred at the

height of the "prairie maximum" in the central United States

(Bernabo and Webb, 1977). This was the time of maximum expan-

sion of prairie vegetation to the east and, as noted, the local

evidence from central Tennessee also demonstrates more xeric

forest vegetation and a drier climate at this time. Borchert

(1950), Bryson, Baerreis, and Wendland (1970), Wendland (1980),

and other workers concluded that this period was characterized
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by a long-term strengthening of the mean westerly circulation.

Such more "zonal" air flow may have reduced the number and inten-

sity of frontal storms in Tennessee, thus reducing trunk stream

flooding. It may be that floodplain stability and soil forma-

tion at this time were a result of this climatic regime.

2) The period of renewed fluvial activity, at 6200 to about 4200

14C yr B.P., coincided with increasinglymoist conditions in

this region (Bernabo and Webb, 1977; Delcourt, 1979). On both

a local and regional basis, pollen evidence suggests that effec-

tive moisture increased most markedly at about 5000 14C yr B.P.

and that the prairie/forest border retreated westward (King and

Allen, 1977; Solomon et al., 1980, p. 280). There is evidence

from other locations in the northern mid-latitudes supporting a

widespread intensification of the meridional component of upper

atmospheric circulation at this time (Brakenridge, 1980). If

the correlation in time is not coincidental, then the cause for

renewed Duck River overbank sedimentation on previously stable

floodplain surfaces at the close of the "prairie maximum" may

have been an increasingly cool, moist, and possibly stormy

climate.

3) From the alluvial stratigraphy and dates, it is clear that a

period of stability and soil formation occurred shortly after

2800 14C yr B.P. followed by renewed river activity and over-

bank accretion, which ended by or before 1600 14C yr B.P. This

last phase of prehistoric river activity corresponds in time to
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a final increase in annual precipitation up to the present

level, according to the central Tennessee pollen analytical re-

sults and quantitative climatic interpretation thereof (Solomon

et al., 1980). Although the inferred precipitation increase is

relatively even from 5000 to 200 B.P.; this may be due to the

fact that the paleoclimatic sensitivity of pollen cores depends

on prevailing sedimentation rates as well as on site position

with respect to vegetational boundaries. As noted earlier, the

local pollen evidence neither confirms nor denies the occur-

rence of short-lived climatic changes in this area--the tech-

nique is commonly not sensitive to such changes (Bernabo, 1981).

Considerable evidence from elsewhere in the northern mid-

latitudes demonstrates a brief interval of sharply cooler tem-

perature and strongly meridional upper atmospheric circulation

between 3000 and 2000 14C yr B.P. This is the best known of

the prehistoric "little ice ages" described by Lamb (1972). I

thus suspect but cannot demonstrate that renewed Duck River

sedimentary activity at this time again was in response to cli-

matically induced increased flooding. Evidence from other

river basins, presented below, supports this hypothesis.

4) Finally, the most recent period of enhanced fluvial activity

along the middle Duck began at about 1820 A.D. Settlement of

the basis by people using technologies imported from Europe

also occurred in the early 1800's, and row crop cultivation

methods were introduced. Much land was cleared of forest and
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plowed; mills were constructed along the Duck; and livestock

were allowed to graze. The population of Maury County reached

almost its present level by 1900 A.D. The correspondence in

time between these events and the most recent period of over-

bank accumulation suggests strongly that the relation is

causal.

A comparison of the Duck River alluvial sequence to other de-

tailed sequences from southwestern Wisconsin and southern Missouri sup-

ports the above climatic hypotheses. According to Knox et al. (1980),

floodplains in southwestern Wisconsin were stable from 7400 to 6000 14C

yr B.P., and alluvial fan sediments were deposited during localized con-

vectional storms at tributary mouths. In southern Missouri, a period of

floodplain stability occurred from ca. 7000-6400 14C yr B.P., and at one

site (Rodgers Rock Shelter) this was a time of local colluvial and/or

alluvial fan accumulation on the "Tlb" surface CHaynes, 1976 and in

press). Floodplain stability at the height of the hypsithermal or

Holocene "prairie maximum" thus was not limited to the Duck River.

Enhanced trunk stream fluvial activity subsequently occurred in

Wisconsin and Missouri, as was true also along the Duck. Knox et al.

(1980) date this period as lasting from 6000 to 4400 14C yr B.P.; where-

as Haynes (in press) describes renewed accumulation starting sometime

before 5400 14C yr B. P. and lasting until somewhat later than 5000 14C

yr B.P. The coincidence in time of these periods of overbank sedimen-

tation with the expansion of mesic forest vegetation throughout the
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central United States (Bernabo and Webb, 1977; King and Allen, 1977;

Delcourt, 1979; King, 1981) is suggestive and does not seem indicative

of randomly operating, individualistic mechanisms.

Another period of enhanced activity and overbank sedimentation

is inferred at 3100-1800 14 C P.B. along streams in Wisconsin (Knox et

al., 1980), 2800-1600 14C yr P.B. along the Duck (this paper) and 2500-

1750 14C B.P. in southern Missouri (Haynes, in press). Again this must

be coincidence if individualistic factors are controlling sedimentation

and erosion along each stream. As noted, it may be that a limited

period of sharply cooler and/or wetter conditions at this time (Lamb,

1972; Brakenridge, 1980) was a causal factor. If so, additional work

with paleoclimatic indicators in middle Tennessee should reveal this

period in proxy records sensitive to short-lived climatic changes.

Lastly, in both Wisconsin and Tennessee, general stability is

inferred from ca. 1600-1800 14C yr B.P. up to historic time. Knox et

al. (1980) present some evidence for a short period of activity at

1200-800 14C yr B.P. in Wisconsin but this conclusion is as yet under-

tain. In Missouri, however, the latest Holocene witnessed a more com-

plex sedimentary history along the Pomme de Terre river. Two more

phases of accretion and erosion occurred there following 1750 14C yr

B.P. It may be that the Pomme de Terre's position near a vegetational

ecotone, with prairie to the west and deciduous hardwood forests to

the east, makes its sedimentary regime more responsive to relatively

minor climatic changes. Alternatively: 1) these climatic changes did
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not occur coevally throughout the region, or 2) climatic change was

not the causative factor.

None of the above inferences preclude a role for a variety of

complex response mechanisms along the Duck River, nor can other climat-

ic, vegetational, tectonic, or human-related factors	 be easily

ruled out as possible causes for sedimentary changes. The geological

data are still too incomplete to permit truly rigorous and statistical-

ly meaningful comparisons of alluvial histories among themselves or to

other time series of environmental change. However, the available data

do suggest climate and human induced changes in flood regime as major

controls over Holocene floodplain sedimentation.



CONCLUSION

On the basis of exposures obtained by backhoe and bulldozer

trenching of middle Duck River Valley alluvium, a local alluvial litho-

stratigraphy has been described. Depicted also in the cross valley

sections and profiles is the topographic configuration of the flood-

plain and terraces and the approximate morphology of the underlying

bedrock surface. Lastly, the use of radiocarbon dating and other age

criteria has allowed time constraints to be placed on the deposition of

each alluvial formation and the contained time-stratigraphic accumula-

tion phases. The assembled information bears on the complex but impor-

tant question of how geologic floodplains and terraces form, and also

on whether changing environmental conditions within the river basin

directly influence floodplain sedimentation.

Three major lithostratigraphic units span Holocene time, or

the past 10,000 years. In order of decreasing age, these are the

Cannon Bend, Leftwich, and Sowell Mill formations. The older two for-

mations include a total of five time-stratigraphic phases of suspended

load clayey and silty floodplain accumulations. The top of each accu-

mulation is marked by a paleosol and localized artifact and charcoal

accumulations. The paleosols appear to represent periods of relative

floodplain stability during which pedogenesis was dominant over sedi-

ment deposition.

75
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An older lithostratigraphic unit, the Cheek Bend formation,

is of late Pleistocene age and is approximately similar in thickness

to the younger formations. However, excavations to bedrock in the

valley show that the Cheek Bend formation occurs over a bedrock ter-

race that records a past higher position of the bedrock valley. Verti-

cal bedrock erosion by the Duck followed deposition of the Cheek Bend

formation, and a valley thalweg about as deep as at present had been

attained prior to Cannon Bend deposition early in the Holocene.

Previous intervals of vertical bedrock erosion occurred also

prior to Cheek Bend time, as evidenced by a series of ancient bedrock

strath terraces that ascend to near the basin's drainage divides. The

cause for intermittent periods of vertical downcutting is not known,

but such episodicity may be an expression of long-term complex response

mechanisms similar to that exhibited by flume simulations of bedrock

erosion (Weaver and Schumm, 1975). If so, no external causation for

these changes is required.

Estimates of the long term average rates of lateral bedrock

erosion in this valley obtain from two independent methods: 1) com-

parisons of the valley marginal bedrock scarp positions bounding the

late Pleistocene and Holocene terraces, and 2) comparisons of the loca-

tions of fossil river banks entombed within the Holocene fill. Both

methods yield average lateral channel migration and bedrock erosion

rates in the range of .25 m-2 m/100 yr for the late Quaternary.

No simple one-to-one relationship exists in this valley be-

tween terraces as geomorphic surfaces and the age and lithology of the
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underlying alluvium. The highest terrace mapped, T2, is underlain

by the Cheek Bend formation. Its height above Ti represents not a

period of net valley filling but instead merely reflects its position

overlying the higher late Pleistocene valley floor. The Ti terrace is

underlain by two Holocene lithostratigraphic units: the Cannon Bend

("Tla") and the Leftwich ("Tlb") formations. Ti surfaces are thus of

somewhat different age at different locations in the valley. The cross

sections also demonstrate why Ti stands above the modern floodplain

(TO). Ti is composed of a lower primary floodplain accumulation over

which are stacked veneers of successively younger alluvial units. In

constrast, the modern TO surface is underlain simply by one primary

floodplain accumulation, the Sowell Mill formation, which also veneers

the Ti surface. It thus appears that the Duck River maintained a

floodplain of approximately similar vertical thickness throughout the

late Quaternary. "Terrace formation" in this valley occurred as the

result of either: 1) vertical bedrock erosion and a lowered channel

floor position (e.g. T2/T1) or 2) lateral migration of the channel,

during which new primary floodplains accreted adjacent to the river

and the older floodplain surfaces were covered and raised by "terrace

veneer" facies of the younger alluvium (e.g. Tla/Tlb or T1b/T0).

Although periods of net floodplain sedimentation and erosion

are not demonstratable for the middle Duck River alluvial sequence,

some periods of floodplain stability and soil formation occurred co-

evally at different study sites and were preceded and followed by

periods of enhanced floodplain sedimentation, coupled with channel
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migration and cut bank erosion. Comparison of time of this "alluvial

chronology" to other geologic records dated by radiocarbon assays

strongly suggests that environmental changes were responsible. In

particular, floodplain stability at 7200-6400 
14

C yr B.P. is matched

by stability along a floodplain in southern Missouri at 7000-6400 14C

yr B.P. and stable trunk stream floodplains in southwestern Wisconsin

at 7400-6000 
14

C yr B.P. This was also the time of the maximum exten-

sion of prairie vegetation to the east in the central U.S., and of

more xeric forest vegetation in central Tennessee. This period of Duck

River floodplain stability may thus have been a function of Holocene

environmental change. Specifically, I hypothesize that it was the

direct result of strongly zonal atmospheric circulation and the accom-

panying decreased frequency of frontal storms and floods.

Some episodes of increased fluvial activity and overbank accre-

tion along the Duck (e.g. 6200-4200 and 2800-1600 14C yr B.P.) were

also widespread in the region; these may have been caused by the in-

dependently documented intervals of meridional upper atmospheric cir-

culation and more stormy conditions at these times. Knox (1976)

earlier suggested such changes in upper atmospheric circulation as a

cause for episodic stream activity, and I have elsewhere described

other evidence favoring his hypothesis (Brakenridge, 1980).

In contrast to the above, the intensification of floodplain

accretion along the Duck in historic time cannot be clearly associated

with any known regional climatic change. Instead, this phase of en-

hanced overbank sedimentation probably resulted from the introduction
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of row crop agriculture, grazing, and other intensive human land use

practices into the basin at the same time. If so, then these human-

related changes succeeded in producing a hydrogeomorphic response

mimicking that due to the most severe of the previous changes occur-

ring in the basin during the last 10,000 years.

Finally, the large thicknesses of silt and clay-rich alluvium

beneath floodplain and terrace surfaces along the Duck River are not in

agreement with several modern descriptions of floodplain formation:

1) " . . . point bars tend to increase in height until they reach

to the level of the older floodplain" (Ritter, 1978, p. 263);

2) . . . in most floodplain strata, a thin layer of overbank

silt and clay rests on the laterally accreted point bar

deposits . . ." (Ritter, 1978, p. 265);

3) "The fact that most floodplains are occupied with water nearly

every year argues against the importance of overbank deposition

in their construction" (Ritter, 1978, p. 266);

4) . . . thick alluvium deposited by vertical accretion, like

the relict alluvium found beneath many large streams in their

lower valleys, is the result of postglacial rise of sea level

and is not typical of hypothetical rivers that enter a stable

sea level" (Bloom, 1977, p. 239); and

5) " . . . the vertical distance between the toe and crest of the

point bar accretionary unit is approximately the river depth

at bank-full stage. Therefore, a good approximation of channel
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depth should be the thickness of the point bar deposit"

(Padgett and Ehrlich, 1976, p. 1102).

The quotes illustrate that floodplains are still frequently held to

form without the aid of floods (Fenneman, 1906) through lateral chan-

nel migration and in-channel point bar accumulation of bedload mate-

rials. This process has been observed in the field by Witt (1979) and

others and undoubtedly does occur along many rivers. However, it is

clearly not the only process. Some rivers are known to accrete their

floodplains and natural levees vertically until rare large floods oc-

cur. During such floods, the levees may be breached and the channel

suddenly abandoned in favor of a new path along the lower back-levee

portions of the floodplain ("avulsion," see description in Schumm,

1977). Also, along the Duck River, the alluvial stratigraphy, chro-

nology, and depositional facies indicate that progressive deposition

of suspended load silty and clayey alluvium during floods is the major

process of floodplain accretion.

In conclusion, an important implication for paleohydrological

studies is implicit in the above discussion. Point bar sands and

gravels along the Duck, and other rivers (e.g. Ritter et al., 1973;

Klimek and Starkel, 1977; Starkel, 1977) do not ascend to the level of

the floodplain or bank-full channel height. Therefore, the thickness of

point bar accretionary units in ancient sedimentary rocks may not always

indicate even the approximate height of the ancient bank-full chan-

nel. The thicknesses of point bar accretions along the Duck River do

approximate the river stage associated with the "average discharge,"



42.2 m3/sec (U.S. Geological Survey, 1971, p. 653) but not the

"bank-full discharge," 787.6 m 3/sec (U.S. Geological Survey, 1964,

p. 315).
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Figure 5. Stratigraphic Cross Sections along Transects
A (Loftin Bend), B, C, D (Cannon Bend), H
(Cheek Bend), and J (Leftwich). -- At bottom
is a composite cross section of the valley
fill. See Figure 10 for Key to TO, Ti, T2
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