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worked, previously weathered material.
These results indicate a unique, dramatic

ABSTRACT
Relatively few soil chr q or ct
long-term landscape evolution studies exist

for the Piedmont of the southeastern United
States. Here, we present a chronosequence of
soils on five well-expressed, unpaired alluvi-
al terraces from the Catawba River near
Charlotte, NC. Ten soil profiles were exca-
vated and described on the terrace sequence.
Soil pits were sampled by horizon and the <2
mm fraction analyzed for particle size and
extractable iron. Ages are assigned to the ter-
race units through comparison with regional
surface age/elevation curves (Mills, 2000).
The elevations (and calculated ages) of the
terraces above the modern channel are: 3 m
(4+0.5 ka), 10 m (506 ka), 14 m (12816 ka),
28 m (61075 ka), 42 m (1,470+180 ka).
Color hue, pedogenic iron (Feg) and clay
content (%) recorded positive trends with in-
creasing terrace age. Specifically, these vari-
ables increased from 10YR to 2.5YR, 3.6%
to 6.4%, and 21.9% to 62.6% respectively,
from the lowest (~4 ka) to the highest (~1,470
ka) terrace. These results are consistent with
regional chronosequence studies developed
in different physiographic provinces and
parent materials. This consistency implies
that the relatively rapid oxidation of iron
bearing minerals and development of pedo-
genic clays overshadows the effect of differ-
ences in parent material and regional
climate. The rate of development of these soil
properties plateaus after ~128 ka. Fe,/Feg
ratios and clay contents record a break in
soil development between ~128 and 50 ka,
which is ascribed to the inheritance of re-

ge in the sediment provenance of the
Catawba River from the erosion of relatively
unweathered bedrock to relatively well de-
veloped soils, stripped from basin hillslopes
during this time period. This switch repre-
sents a major change in landscape evolution
likely driven by the colder climatic condi-
tions of the Late Pleistocene. Sedimentologi-
cal changes from cobble gravel facies to sand
facies indicates that terrace formation was
coupled with a change in fluvial transport
capacity prior to ~128 ka. These data repre-
sent some of the first insights into the long-
term soil and landscape evolution of a major
drainage in this region of the Piedmont.

INTRODUCTION

Despite their value in Quaternary geologic
studies, relatively few soil chronosequences ex-
ist for the southeastern United States (Fig. 1).
Soils develop under the influence of several en-
vironmental factors including climate, organ-
isms, relicf, parent material and time (Jenny,
1994). A soil chronosequence is defined as a se-
ries of soils for which weathering characteris-
tics vary as a function of time. Using this
paradigm, soil development can be employed as
a tool for mapping, correlating and assigning
ages to Quatemary deposits (e.g. Leigh, 1996;
Mills, 2005), for understanding landscape dy-
namics in the context of climate change or tec-
tonics (e.g. Eppes et al., 2002, 2008), or for
evaluating ecosystem variability (e.g. McAu-
liffe et al., 2007). Previous chronosequence
studies on fluvial terraces in the southeastern
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on the alluvial deposits of the New River in the
Valley and Ridge province of Virginia has doc-
umented late Cenozoic channel migration (e.g.
Bmholomew and Mills, 1991), as well as the
timing 'and rates of Quaternary incision and ag-
gradation events (e.g. Granger et al., 1997;
Ward etal., 2005). More recently, Leigh (2008),
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7.5' Quadrangles Mountain Island Lake and
Lake Norman South. Contour interval is 10
feet.

ing of the soil geomorphology and landscape
evolution of the Piedmont physiographic prov-
ince in the southeastern United States through
the study of fluvial terraces located in the Cow-
an’s Ford Wildlife Preserve, NC. In this locality,
an unusually large meander bend of the Cataw-
ba River has resulted in the preservation of a
suite of terraces that have been relatively undis-
turbed by modern development. We describe
the stratigraphy, sedimentology and soils of
these terraces and in doing so provide insight
into the long-term fluvial history of a major east
coast drainage basin.

GEOLOGY AND SETTING

The study area is located along the Catawba
River in the Cowen’s Ford Wildlife Refuge,

y=0.2974x22781
R*= 08766

1 10 100
Elevation above stream level {m}

Fig.3. Log-log plot of surface age vs. eleva-
tion above modern stream level (modified
from Mills, 2000). We estimate error on calcu-
lated ages for terrace units to be within 13%
based on the unexplained variance.

near Charlotte, in the Piedmont of North Caro-
lina (Figs. 1 and 2). The Catawba River is ap-
proximately 350 km long and flows from the
Blue Ridge Mountains to its confluence with
the Wateree River in South Carolina. The
Catawba River watershed drains approximately
9,000 km? of Western North Carolina. The
modern channel is heavily impounded by seven
reservoirs designed for hydroelectric power
generation. The study area is located at the up-
permost end of Mountain Island Lake, where
the river is sometimes still free flowing. Soils in
the area are mapped as Typic Hapludults (Cecil,
Georgeville, and Pacolet Series), Rhodic Pe-
tudults (Davidson Series), and Fluvaquentic
Eutrochrepts (Monacan Series). The study area
lies within the Charlotte Belt, which consists of
intrusive plutonic suites, ranging from gabbro
to granitic rock, as well as metamorphosed di-
orite and biotite gneiss. Bedrock in the field ar-
ea consists of metagranodiorite, comprised
mainly of plagioclase, quartz, potassium feld-
spar, and biotite. The modern climate is charac-
terized by hot, humid summers and moderate,
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Table 1. Representative soil properties described from soil pits on terrace units.
Unit
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short winters. Annual precipitation averages ap- where horizons were greater lhax{ 25 cm in
proximately 106 cm, while average tempera- thickness. All samples were sieved in the field

tures range from 5 °C in January to 25 °C in and the <2 mm fraction analyzed for particle
Eds 3z 3 3 s g 53 3 July (NOAA, 1981-2010). Vegetation consists ~size (pipette method). Iron content was mea-
@ 5 N o 8 5 o s 6 x5 % !
E é 2 g hE = E 3 2 E E R 5 & primarily of mixed hardwood and pine-hard- sured through bnfh .ox:'llale.(McKeague and
e &S 3T |EEEFT wood forests and grassiands. Day, 1966) and dithionite-citrate (Mchra and
- Jackson, 1960) methods for samples from hori-
: |3 38 & 3 3 METHODOLOGY zons with the greatest evidence of weathering
8 s PN 2 a8 < !
tEs 2 q £ed z T : HBS 8 E 2, (B or Bt horizons).
Flene s s e b 9 § v £ Terraces were mapped in the field utilizing
o N e topographic maps (United States Geological RESULTS
s 18 o e . ] Survey Mountain Island Lake and Lake Nor- » .
vlo oy o 8 ilg oo 82 9y ;E man South 7.5’ Quadrangles). Terrace units  Five distinct, unpaired terrace treads (Qtl-
g . N . -
5 5 s ‘>’b were distinguished based on 1) terrace tread el- - Qt5) were dlstmgm'shcd in t_hc ficld area rang:
8%, = £l 283 53 5 *E & & g 22 evation, 2) soil development, 3) stratigraphy ing from 3 to 4? min clcyauon above 1.hc mod-
o9 e E i = 5 atagtt zz3 E'E and 4) sedimentology. Numerical dating of old- ern cl?annel (Fig. ,2)‘,5011 morphological z!al_a
° o E'f er (e.g. Pleistocene) alluvial landforms in the described from soil pits for each terrace u}?}tr:s
SEE Eels & e fe s ge & & e %f Eastern United States has until recently been proYlded in Table 1. The Qll terrace is the higl :; :
= - =t tE ;ﬁ largely unobtainable (Mills, 2005). Cosmogen- st In the sequence standing approximately 4
2 >
éT ic isotope dating has been successfully em- m above the moderq stream chann.cL ]The ({aIC\.x
o ol :‘ o a e aa o 2 a al E‘é 4 ployed in some studies (e.g. Mills and Granger, lated age for the'umt b;\;‘cd on l‘hlS}:: c;rcal:g;cl;
© o 23 ; o .
’ ’ O g‘—if H 2002) but remains prohibitively expensive. In  1,470£180 ka (Fig. 3). The unitis ¢ a;bblc zed
X% x x Lis g this study, we assign numerical ages to terrace by alluvial sedlmcnts, complnsmg p ool ant
X x Zel .
c ﬁ 35353 2 é é 3 3 33 33 3 E G282 units by comparing the elevation of mapped ter- cobble gravel, with moderatel yfo pour.y gh d,
eOS BEN G 5aN Sas B RS - races above the modern river channel to region-  sub-rounded to rounded quartzite clasts. ;5@
N~ ~ . - FI - -
gne : al surface age/elevation curves published by clasts, varying ;ln slz; fmmf‘i1 G?V:rt\:a :1,;;:5 ulS E
2.2 5 . - ITrs i -
oo oola 4 dola ool 4 o . é ?EE & Mills (2000; Fig. 3). Mills utilized data fromre- tnbutzdfthr?ugbout_;nei:éoa: ea, depth of 2.1 lr)n
o EFRY h conducted throughout the southeastern  ported facics begi o<
2g958 < search con s )
§§§ B é and eastern United States and obtained a strong below the tread surfacr;. Qtl sqnls g);hxl;n .:pél;t 2
pe-iy : i t i 1 ark red-
% % % v ? < 222 222 2 ¢ ol BFEVE ..E,‘ correlation between surface age and elevation hfmzonatmn anddare lc arasc Ye:{lz;m tg S e
VYVVY VUV VY VY PALELas above the modern stream channel (R? value of dish Zm‘.wll( to re | C‘:_ ors ( TR e
sy 6) and sticky to plastic consis X
eoe 2 go L 0.877). !
s3s °ns 2 ¥E8 9 0z v oo SEEEAN . i hich grades upward to cla
LY £ g N ol e § 3 ceEEee ‘g"%i : 2 A total of ten soil profiles, two per terrace consists f)lfclay; w ;:wgn dcvc]gped are dis)[
QRReaE 3 Fah & $5 23533 B H unit, were described according to Soil Survey lgam. Soil structure P
N A N D T E - Staff (1993) and Birkeland (1999). Soil pits tinct sub-angular, blocky peds between 10-20+
9883 . in di in the soil varics
PRI g3 1§38 g 23 883y ZE. éI’"I-l’mg were both hand excavated (5 total) and ex- mmin dlanmt‘:ter. Clay content m61 ¢ soil varis
Gon ngt € LS rog e FLEEEE humed via auger boring (5 total). All profiles from 31.9% in the A horizon to 61.9% in T
YT NNR e SINEaE R R RR fe L"‘E:é’“? ' were located on relatively flat tread surfaces, horizon (Fig. 4) with many, prominent cbaly
“ . . .

g ég LEud fre carps in order to minimize films forming coats and bridges. Extra_cta e
32 o8 ™ Egoguy away from terrace scarp: I ! : p dt
g 32 & 52813 §¥Ne g 88y £ %g g the effects of erosional and colluvial processes. 1ron content in the B horizon was determined to
~ S ) Y Dy I ! I Y e e HEL . proc o N A

ST SRS R RS RGN 8y ] STE3Y : Analysis of soil morphology from soil pits (Ta- be 6.37% (Feg) and 0-5‘{311((}):‘2;) W';? an iron

Sa¥ilas - inti i ick- ivi i Fey) of 0. ig. 5).

g5 N'EEE ble 1) included descriptions of horizon thick-  activity ra;o (Fey/ ) g:d o roxigmately st

5382582 s 5Ye ¢ o35 ¥ 9 'E.é%ﬂéﬁ g ness and boundaries, color, structure, gravel ) The Q.l terrace tr pp imately 28 0
as an<Ea<d 3 gg S i E Ziig content, consistence, roots and pores, texture, in clevation above the modern channel o: (;

i , COnS 3 ext i . o

§Eis £2 lay films, as well as sedimentary descriptions Catawba River and was assigned .an age

| R eay s, i +75 ka (Fig. 3). Several quartzite clasts.
13 3 2 [} FeEzst (grain size, rounding, sorting). Select properties 610: a (Fig. 3). > clasts,
<] <] <] Fadoas were desc;ibed from auger borings to account ranging in size from 2 to 50 mm, were distribut-
o- ed throughout the soil profile, suspended in a

for spatial variability. Pits were sampled by h:

rizon with multiple samples being collected fine-grained matrix. Clast supported gravel and
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cobble facies were found 1.3 m below the tread

development is characterized by A/Bt horizona:
tion with colors ranging between strong brown

0 0 § . 20 40 60 surface. Soil development is characterized by : )

L IJ | Ap/Bt horizonation with strong brown to red and yellowish red (7.5YR 5/6 = 5YR 5/8). A
20 il 1 coloration (7.5YR 4/6 to 2.5YR 5/8), strongly typical Qt4 soil has a sticky and plastic consis-
HIEEES developed structures with sub-angular blocky tence, clay texture which grades upward to
40 | peds, between 5-10 mm in diameter, and sticky loam, and a moderately devclpped structure,
- — to plastic consistence. Soil texture consists of with sub-angular peds primarily between 5 and
5 60 H clay, which grades upward to silt loam. Qt2 10 mm in diameter. The range of clay content in
-§_ soils have the highest observed clay content, the B horizon, between 44.9% and 49.4% (Fig.
8 80 which ranges between 59.8% and 62.6% inthe 4),was typically higher than in Qt3 deposits, al-
B horizon (Fig. 4), and have many distinct to though the maximum measured clay content
100 prominent clay films covering ped faces and was similar. Peds were covered with prominent
] forming bridges between peds. Iron contents clay coatings, which formed coats and bridges.
120 i were similar to Qtl soils with values of 6.35% Extractable iron content was determined to be
i (Feg), 0.66% (Fe,) and a Fe,/Feq ratio of 0.10 5.90% (Fey) and 0.36% (Feg), which yielded

140 (Fig. 5). the lowest Fe/Feq ratio of 0.06 (Fig. 5).

Fig. 4. Depth profile plot of clay tent (%) for r

Analytical error is <1% for clay content.

tive soil profiles on terrace units.

The Qt3 unit stands at a relative elevation of
14 m above the river and has a calculated age of
128+16 ka (Fig. 3). The alluvial parent material
consists of moderately to well sorted gravelly
sand, with approximately 10% quartzite pebble

The lowest terrace unit (QtS) sits 3 m above
the modern channel and has a similar alluvial
parent material composition to Qt3 and Qt4 de-
posits. The determined age for the unit based on
this elevation is 4+0.5 ka (Fig. 3). Soil develop-

‘;‘,’ . and cobble gravels, ranging from 5-20 mm in ment is weakest in this unit typified by A/B/Bt
g $ 06] ——m o« d diameter. No gravel and cobble facies were horizonation, 10YR color }}ués (10YR:3/6 -
£ P B — - found in this unit; rather an unweathered, well-  10YR 6/6), loam textures and relatively low
H T e - - sorted compacted sand layer was discovered at  clay contents (10.0% to 24.5% in the B horizon)
] g o2 o . 2.4 m depth. Qt3 soils have A/Bt horizonation (Table 1; Fig. 4). Qt5 soils also had the lowest

£ o o with manganese concretions in the B horizon, extractable iron content. Feq was measured at'

approximately 5 mm in size, below 25 cm in  3.63%, Fe, 0.31%, and Feo/lj‘gd 0.08 (Fxg 5).
0 1000 1500 depth. Soil color ranges from dark brown Soil consistence was similar to other.units
Catouated erace age (k2) (7.5YR 2.5/3) in the A horizon to red (2.5YR 4/ (sticky and plastic) while structure was moder-
6) in the B horizon. Soil consistence is sticky ately developed with sub-angular peds between
and plastic. Soils have clay textures, which 10 and 20 mm. Manganese nodules between 2
and 8 mm in diameter were noted i all B hori-

TTy=14.033x-300837
50 Rz 09579 3

grade upward to clay loams and loams, as well
as strongly developed structures with angular zons.

blocky peds between 5 and 10 mm in diameter. e
Clay films are prominent in the B horizon form- DISCUSSION -
ing coats and bridges; however measured clay ., )

content is less than that of Qtl and Qt2 units Soil Chronosgquence

FeolFed

Maximum Ctay (%)
IS
3

° 500 1000 0

1500 o 1 2 3 .

Fig.5. Chronofuncti Coetederace age a) Maximum :ed (,,,,5 ¢ ranging from 25.7% to 49.5% in the B horizon . ]
imgl;n; ext s of ext iron for repr ive t " . (Fig. 4). Q13 soils recorded the highest Fe, val- Soil morpholegical properties, including col-
e 2ot Iron values (both Fe P errace soils. Plots show max ues of 0.75%. Feq values were 5.98%, which or hue and clay content, show positive trends

Feg) and the relati A a and Fe,,) from the B horizon, iron activity ratios (Fe,
Feq and Fe,, Estiv::tse':':l::;v::?;:: and ?Iay content (%). Analytical errorslta‘:-e <0.2°(/a ft’;llr
ka (Qt2), and 1,470 ka (Qt1). ce units are: 4 ka (Qt5), 50 ka (Qt4), 128 ka (Qt3), 610

yielded the highest Fe/Fe4 ratio of 0.12 (Fig. with deposit age in a similar fashion to chro-
5 nosequences found in other regional physio-
graphic provinces despite differences in climate
evation above the modern river channel. The and parent materials. Maximum color hue in-
calculated age for the unit based on this eleva- creased from 10YR on Qt5 (~4 ka) to 2.5YR on
tion is 50+6 ka (Fig. 3). The alluvial parent ma- Qt1-3 (~1,470-128 ka) (Table 1; Fig. 6). This
terial is composed of well-sorted silty sand with  trend of progressive reddening has becr} shown
less than 5% fine quartzite pebble gravel. Soil in other regional chronosequence studies (e.g.

Qt4 deposits stand approximately 10 m in el-
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hue and clay content for representative terrace soils. Plots
ed from the B horizon. Estimated ages for terrace units are: 4

ka (Q15), 50 ka (Qt4), 128 ka (Qt3), 610 ka (Qt2), and 1,470 ka (QH).

Foss etal,, 1981; Leigh, 1996) and is explained
F)y the progressive accumulation of pedogenic
1ron oxides in the soil (see below). Color hue
was found to plateau at 2.5YR on Qt3 deposits,
which are calculated to be ~128 ka in age. Fos;
etal. (1981) found that hues of 2.5YR typ.icall
ocFurrcd in colluvial and alluvia] Picdmon);
soils belif:yed to be older than 100,000 years,
) In addition to color hue, clay content has t};p—
m?lly be_en found to increase as a function of
soil age in a variety of settings throughout the
southeastern and eastern United States (e.g
Howard et al,, 1993; Leigh, 1996; Engel et :;l i
1996) regardless of changes in climate and par'-’
ent mateﬁal. In our field area, maximum cla;
content of the B horizon increased from ~25°/y
in Qt5 soils to ~62% in Qtl soils (Fig. 6). Obf
s;rved Flay contents are similar to those pub-
lls.hed in other regional chronosequences for
soils of similar ages. For example, Engel et al
(1996) reported clay contents of ~53% in soilﬂ.
of Early Pleistocene age (~770-970 ka) from thé
P}ed@ogt of Pennsylvania, which develo ed in
diamictic alluvium. Maximum measures cla
content appears to reach an asymptote at aj )I
proximately 60% for terrace units Qt2 (~6 1p0
ka) and Qt1. This trend in clay content likel
Tepresents an internal threshold, such that th);
hlgh clay content either prevents further illuvi
ation (Howard et al., 1993) or promotes run. ;*t:
and surface degradation, There is a breakoin
slope, however, in the clay content chronofunc-
~50 ka_(Fig. 6) with an unexpectedly
proportion of clay for the Qt4 deposit
lsco Fig. 4). A likely explanation for this
ay content in Qt4 soils relative to older

higher
(sce all
high ¢

20

Qt3 (~128 ka) soils is that the clay in Qt4 was
derived from inheritance of an older, previously
weathered clay-rich soil, presumably eroding
off of drainage basin hillslopes.

Dithionate extractable iron (Fey) was found
to increase progressively with age from 3.63%
on QtS to 6.37% on Qt1 (Fig. 5). Regional stud-
ies have found similar increases in Fey with age
despite differences in parent material, e.g. soils
developed in alluvial and eolian deposits in the
Valley and Ridge and Piedmont of Pennsylva-
nia (Engel et al., 1996). The rate of Fey forma-
tion has been shown to initially increase rapidly
but then decline with time due to a progressive
reduction in the availability of fresh mineral
surfaces to weather (McFadden and Hendricks,
1985; Birkeland, 1999). Our results echo this
trend with Fey reaching a penultimate level of
~6.3% on Qt2 deposits. A close relationship has
been shown to exist between Feg and clay con-
tent in soils (e.g. McFadden and Hendricks,
1985) because both are weathering products
that progressively accumulate in a soil profile
through time. Our results support this relation-
ship, showing a strong positive correlation be-
;ween these variables (R2 value of 0.958) (Fig.
).

Changes in iron content related to pedogene-
sis are commonly expressed through the iron
activity ratio (Fe,/Feg) rather than in absolute
amounts. This ratio negates the difference in the
initial Fe, content of the parent material and
emphasizes the formation of crystalline iron ox-
ides due to weathering processes. Generally,
this ratio decreases with time as amorphous iron
oxides (Fe,), which are the initial precipitate,

SoIL CHRONOSEQUENCE STUDY — TERRACES OF THE CATAWBA RIVER

convert to more stable, crystalline oxides (Fey)
over time (e.g. McFadden and Hendricks, 1985;
Birkeland, 1999). This declining trend has been
documented in other chronosequence studies
under a variety of climates (e.g. McFadden and
Hendricks, 1985; Shaw et al., 2003; Eppes ct
al., 2008). In the Catawba River terrace soils,
we observe a decline in Fey/Feq with deposit
age between Qt4 and Qt5 time (~50-4 ka) and
between Qt1, Qt2 and Qt3 time (~1,470-128 ka;
Fig 5). Maximum Fe,/Feq4 values, indicating
relatively low degrees of iron crystallinity due
to weathering processes, were found in Qt3 de-
posits. Data also indicate that the youngest de-
posits (Qt4 and QtS) have the lowest ratios of
amorphous to crystalline iron oxides. The ob-
served drop in Fe,/Feg ratios between Qt3 and
Qt4 time can be attributed to change in sedi-
ment provenance of the Catawba River. It is
likely that the low Fe,/Fey ratios, which indi-
cate high proportions crystalline iron oxides rel-
ative to amorphous iron oxides, in Qt4 and Qt5
deposits result from the presence of reworked,
previously weathered material. As such, the
Fe,/Feq ratios in these two terraces are the prod-
uct of inheritance rather than in situ soil devel-
opment. It is possible that Qt3 and older soils
were eroded in portions of the landscape and
that stripped material was deposited during Qt4
time. These data therefore have implications for
regional landscape evolution (see below).

In our study, other soil morphological char-
acteristics such as structure, complexity of hori-
zonation, solum thickness and Bt horizon
thickness were not found to be useful indicators
of relative age as they have been in other studies
(c.g. Foss et al., 1981; Markewich and Pavich,
1991; Engel et al., 1996). Soil structure in-
creased in grade from moderate to strong with
terrace age (Table 1) however no quantifiable
trend was identified. The weak trend in struc-
ture is likely due to the high clay content in all
terrace soils, which is an important factor in the
formation of blocky structure (c.g. Birkeland,
1999). The lack of any trend in horizon com-
plexity is attributed to the relatively rapid for-
mation of Bt horizons in fhe study area. Clay
films are present in all terrace units although
they are less prominent in the lowest terrace

soils (Qt5). Our data suggests that Bt horizons
form in Piedmont soils in as little as 4,000
years. However, this rapid rate of formation
may be a function of the clay contributions from
previously weathered, reworked material that
we discuss above. Most soil pits could not be
dug deep enough to expose unweathered parent
material (C horizon) and therefore solum and Bt
horizon thickness could not be accurately deter-
mined. : .

Landscape Evolution

The apparent increase in sdilgdev'elopmem
around Qt4 time reflected in the chronofunc-
tions of both clay content and Fe,/Feq ratios
could conceivably result from an increase in',
weathering rates due to wetter or hotter climatic >
conditions. There is no paleoclimatic data, how-.
ever, which indicates that overall time period
was particularly warmer or wetter than any oth-
er warm-wet period in the past. Instead, we con-~
clude that sediment deposited at that time was
largely derived from erosion of previously
weathered materials in the Catawba River basin
(Figs. 5 & 6). We suggest that between Q3 &,
Qt4 time (128-50 ka), the primary sediment
source for the Catawba River switched from
relatively unweathered bedrock, likely derived
from incision into channel bottoms, to relati{eﬂ-‘
ly well developed soils stripped from hillslopes:
and/or eroded by lateral migration of »the;riwyer
channel into older terraces in valley bottoms.
Such a switch represents a major change in the
overall landscape evolution of the Catawba ba-
sin at that time. Studies have shown that the
character of alluvial deposits reflects the ero-
sional history of the source arca as well as the
dynamics of the river transporting sediment
(c.g. Schumm, 1981). The lack of coarse
quartzite gravels in Qt4 deposits suggests that
the Catawba River also experienced a decrease
in stream power during this time périod, which
resulted in the crossing of a threshold, such that
the river could no longer transport coarse cob-
ble gravel clasts (e.g. Bull,»1979; Schumm,
1979). This overall decrease in competency was
likely ongoing from Qt3 time when the percent-
age of coarse gravels significantly decreased
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from previous terrace deposition episodes. Fur-
thermore, it is possible that finer sediments,
which previously would have been transported
downstream to the coastal plain, began to be de-
posited at higher reaches in the Piedmont as dis-
charges decreased.

The implication from these data is that the
observed change from a cobble gravel regime to
a sand regime and the change in sediment
source between 128-50 ka was driven by a sig-
nificant forcing event such as climate change or
base level change. It is unlikely that Piedmont
terraces were formed by eustatic changes in
base level, however, since the upstream range
of Quaternary eustatic influences is thought to
be limited and only in the Coastal Plain (e.g.
Leigh and Feeney, 1995). Lack of absolute dat-
ing of our studied terraces as well as of good pa-
leoclimate data for this region of the Southeast
pr_eclude drawing strong conclusions regarding
c_hmate forcing, however, some general connec-
tions can be made.

Climatic fluctuations often alter the relation-
ship between sediment supply and discharge in
a.lluvial systems through changes in precipita-
tion, vegetation cover and runoff patterns (e.g.
Bull, 1991). Leigh (2008) summarizes the find-
ings of limited studies that document the exis-
tence of riverine dunes and braid deposits
§eMem 70-30 ka in southeastern Coastal Plain
rivers, whose basins extend into the Piedmont.
T'hese types of deposits are consistent with the
high sediment supply that we infer for the
F?atawba River during the middle of this time
interval. The period around 50 ka sits within the
MIS 4 cold period, and it has been suggested
. that much of this period in the Southeast was
»chf_xractcrized by cool climatic conditions (e.g.

Leigh, 2008);Cold climatic regimes are typical-
Ly tho.ught‘to\ increase sediment supply by in-
creasing physical weathering processes and
removing vegetation cover from hillslopes,
which promotes the mass movement of sedi-
ment to the valley floor. Eaton et al. (2003)
present a model of landscape evolution for the
centfal Blue Ridge which indicates enhanced
deb}'ns flow activity and debris fan progradation
- during colder Late Pleistocene climates. It is

therefore probable that Qt4 alluvium was de-
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posited around 50 ka due to increases in sedi-
ment supply, delivered from basin hillslopes,
and decreased discharge resulting from cold cli-
mates. Calculated ages for all other terrace
units, however, correlate with warm, intergla-
cial time periods. For example, the age of the
Qt3 unit (~128 ka) corresponds with the peak
interglacial high stand during MIS Se. A possi-
ble reconciliation of the observed terrace for-
mation during these different climatic regimes
is that the Qt4 terrace is a fill terrace, whereas
older terraces are strath terraces. If correct, the
Qt5 unit may be a fill-cut terrace formed in the
Qt4 alluvium. Unfortunately, the lack of out-
crops in the study area precludes drawing firm
conclusions regarding the nature of terraces.

CONCLUSIONS

Soils in the Piedmont appear to vary predict-
ably over time in terms of the development of
certain soil properties. In particular, color hue,
pedogenic iron (Feg) and clay content appear to
be the most useful indicators of relative soil de-
velopment for these Piedmont soils. Results,
highlighting the development of these proper-
ties over time, are analogous to other studies
(e.g. Engel et al., 1996; Leigh, 1996; Shaw et
al., 2003) outside of the Piedmont and devel-
oped in other parent materials implying a re-
gional consistency as a function of age. The'sc
soil characteristics progressively increase with
age up to approximately 128,000 years after
which the rate of development plateaus indicat-
ing the attainment of a developmental thresh-
old. Howard et al. (1993) found that after an
early, rapid phase of soil formation, soils in the
fall zone of Virginia had attained a more or less
steady state by about 100,000 years. Our results
imply that steady state conditions in Piedmont
soils occur around the same time or per%mgs
slightly later. This pattern of development indi-
cates that while these soil properties show pos-
itive trends with increasing age they are lf:SS
useful for correlating and cstablishing relative
ages of older soils (i.e. older than 128,000
years) as their development is approaching '?’
has attained a form of equilibrium. The trend in
clay content specifically, represents a threshold

SolL CHRONOSEQUENCE STUDY — TERRACES OF THE CATA‘WB'A'RIVER"

where the high clay content of the soil prevents
further illuviation as found in other studies (e.g.
Howard et al., 1993). Fe/Feq results indicatc a

break in soil development between Qt3 and Qt4
time (~128-50 ka), which is attributed to the

erosion of relatively well developed soils from
local hillslopes and/or valley bottoms. Evidence
derived from soil development,;rﬂuyial land
forms and sedimentological changes allow us o
make tentative assertions concerning the geo-
morphic history of the Catawba River. This his-
tory can be summarized ‘as one of overall
incision, coupled with a lowering of peak dis-
charges over time, punctuated by periods of ag-
gradation that may be driven by increases in
sediment supply during cold climatic condi-
tions, at least in the latter history of the river,
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