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ABSTRACT. Wesley Chapel Gulf is a karst collapse depression with an alluvial floor that was deposited

as a subterranean passage of the Lost River rose to the surface (rise) and flooded the bottom of the

structure. This paper reports on the thickness of floodplain sediments, the sedimentological character of

fluvial deposits, and the generalized stratigraphic framework for the alluvial floor. Two stratigraphic units

were identified from sediment cores, each with a fining upward trend. Unit 1 extends from —10.8 m to

— 3.5 m, and exhibits thin (1-5 mm) varve-like bedding, with interbedded clayey silt, sand, and occasional

organic-rich silt. Thin bedding and a lack of well-developed paleosols indicate that frequent flooding ear]\

in the gulf's history allowed floodplain deposition of Unit 1 to outpace pedogenesis. The contact between

Units 1 and 2 is marked by a distinctive color transition and a change in sediment deposition. Unit 2

extends from —3.5 m to the surface, and is a sandy to silty loam, with silt beds and some organic rich

zones. Minor paleosols (entisols) in Unit 2 indicate short-lived depositional hiatuses linked to rising floor

elevation due to vertical accretion of the floodplain that allowed pedogenesis to outpace deposition. Sed-

iments in both units become finer-grained away from the rise, indicating that the Lost River rise is the

dominant source of floodplain alluvium. Stratigraphic and sedimentologic evidence indicate a shift in

sedimentation style, attributable to climatic and/or anthropogenic influences. Coarse sediments dominant

at the base of Unit 1 suggest a linkage to climatic transitions during the terminal Pleistocene through the

Holocene. The abrupt transition from Unit 1 to Unit 2 indicates a change in flood stage and sediment load

of the gulf rise a probable response to anthropogenic modification of the Lost River drainage.
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Wesley Chapel Gulf, called Elrod Gulf on because of the extent of the subterranean

the French Lick 7.5 minute topographic quad- stream system he documented \\ hile mapping
rangle, is located approximately 7.2 km (4.5 the local cave system. Powell (1987) included

mi.) southwest of Orleans, Indiana in Orange Wesley Chapel Gulf in an in\ estigation of the

County (Fig. 1). While mapping the Lost Riv- hydrology of the Mitchell Plain karst system.

er karst drainage system, Clyde A. Malott The thickness of allu\ ium has ne\er been

(1922, 1932, 1952) studied the caves adjacent measured directly. Measurements at the rise

to Wesley Chapel Gulf in detail, and formally pit by Malott (1932, 1952) were used to es-

defined a karst gulf as "a karst feature . .
." timate that the alluvial floor of the gulf was

that is "a steep walled depression that char- between 10.6 m (35 ft) and 12.2 m (40 tn

acteristically has an alluviated floor and that thick.

always contains a stream that rises and sinks Alluvium in Wesle\ Chapel Gulf pio\ ides

within it" (1932). Based on the planview information on the nature and effect of eli-

shape of the gulf and the steep walls, he hy- matic and anthropogenic influences on the

pothesized that the gulf formed due to coa- Mitchell Plain in that the fill represents a par-

lescing sinkholes created as caves collapsed tial record of subten-anean Lost Ri\er dis-

(1932). Malott (1952) hypothesized that the charge and sediment load. Paleosols in the

karst spring in the depression at the southern floodplain provide insight into the frequency

end of Wesley Chapel Gulf (known as Boiling of flooding, the nature of sedimentation, and
Spring or Wesley Chapel Gulf rise - Fig. 2) the degree of pedogenesis that occuned on the

connected to the Lost River system, in part floor between depositional e\ ents.
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Figure 1
.—Location map of Wesley Chapel Gulf,

Orange County, Indiana, with respect to the phys-

iographic provinces. Map modified from Gray et al.

(2000).

Our research had five goals: 1) determine

the thickness of the alluvial fill; 2) describe

the stratigraphy and sedimentology of the sed-

iments; 3) determine a relative age sequence

for the alluvium; 4) interpret the geomorphic

processes and causative factors that allowed

the Gulf to develop its present morphology;

and 5) hypothesize about the rates of sedi-

mentation and timing of deposition.

BACKGROUND
Wesley Chapel Gulf lies in the Mitchell

Plateau (formerly the Mitchell Plain of Malott

[1922]) physiographic province, a non-glaci-

ated and karstified region developed on Mis-

sissippian limestone bedrock that has numer-

ous sinkholes, blind valleys, swallow holes,

and caves (Gray 2000). The gulf formed by
dissolution and collapse of the Ste. Genevieve

Limestone (Malott 1932), a high calcite (>95%
CaCO^) unit in the Blue River Group (Carr et

al. 1978). Water in Wesley Chapel Gulf rise

probably emanates from a complex series of

underground conduits, similar to those

mapped by Malott (1932). Dye tracing studies

conducted along sinking streams near the gulf

link subsurface flow from the Lost River east-

ward to the Wesley Chapel Gulf rise, and

eventually to the Rise of the Lost River (Mur-

dock & Powell 1968; Bassett & Ruhe 1973;

Bassett 1974; Ruhe 1977; Powell 1987). The
contributions of meteoric surface water.

stream water, and subterranean flow to the

karst drainage network is complex and the

subject of continued research (Bayless et al.

1994; Lee & Krothe 2001). Weathering and

erosion of local bedrock and loess east of

Wesley Chapel Gulf are the logical source of

alluvium filling the gulf (Ruhe 1977; Ruhe &
Olson 1980; Wingard 1984).

The study area is surrounded by farmland,

and there has been limited construction. How-
ever, clearing of forested tracts continues in

the region; and new construction and agricul-

ture in the Lost River basin increase the po-

tential for erosion of unconsolidated material,

and subsequent deposition in the gulf. Anec-

dotal accounts by Malott (1932) indicate the

gulf floor was cleared of trees and shrubs for

growing crops and grazing cattle as early as

1915, although a few larger trees estimated to

be 75-100 years old are still present on the

gulf floor. No crop farming has occurred on

the gulf floor floodplain for at least the last 25

years, and probably longer, but pasture was
maintained from at least 1983-1996 when
ownership was turned over to Hoosier Nation-

al Forest (Forest Service website). Under For-

est Service jurisdiction, the gulf is reverting

to an uncultivated state, with thick herbaceous

vegetation and small woody plants growing

on the floodplain.

METHODS
Sediment cores were collected with a Gid-

dings soils probe at two locations (Fig. 2)

along the long axis of the gulf to determine

floodplain stratigraphy and the relationship

between the rise and alluvium particle size.

Cores were sited as far from the gulf walls as

possible to limit the influence of surface

streams and colluvium. Cores were collected

from the following sites: A- 76.2 m (—250
ft) from the rise, and B- 15.2 m (-50 ft) from

the rise (Fig. 2). Core holes were backfilled

with sand and capped with a 0.6 m (2 ft) ben-

tonite plug.

Sediments were described and analyzed for

stratigraphic contacts, paleosols, grain-size

trends, bedding features, and mineralogy in

the Geomorphology and Hydrogeology lab at

the University of Southern Indiana (Figs. 3, 4;

Table 1 ). Standard techniques were used to de-

scribe soils in the cores (Birkeland 1999).

Sediment samples representative of each iden-

tified layer or paleosol horizon from both
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Figure 2.—Topographic map of Wesley Chapel Gulf show ing the location of core cxuaciion Siic^ A
and B with respect to other gulf features. Plane table and alidade sur\c\ map b\ R.L. Powell. S.D.

Maegerlein & J.L. Basset, 1970; modihed from Powell 1981.
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Core A
Stratigraphy

Surface soi

developed
is moderately
n both cores.

Core B
Stratigraphy

Depth (cm)

Very thin, underdeveloped
paleosols (entisol and ~
nceptisol) with A/C and
A/Bw/C horizons in both
cores.

Correlative sandy zone
at the base of both cores.

150

450

600

750

900

Very thin, underdeveloped
paleosols (entisol and
nceptisol) with A/C and
A/Bw/C horizons in both
cores.

A distinct change in sediment
color correlates between both
cores at similar depths.

A distinct change in particle

size correlates between both
cores at similar depths.

Changes in sediment size

and color result in centimeter
to millimeter-scale bedding
(Figs. 9 & 10) throughout the
lower part of both cores.

—
' 1050

Figure 3.—Diagram showing floodplain stratigraphy and bedding, and soils developed in alluvium from

Wesley Chapel Gulf. Dashed lines represent correlative layers between the two cores.

cores were collected and processed for particle

size using a standard pipette method (Singer

& Janitzky 1986). All particle size data were

tabulated and plotted versus depth to identify

trends and correlate soil descriptions between

cores (Fig. 4; Table 1). Mean particle size per-

centage was determined for each core and for

the two stratigraphic units in the cores by
summing the values for the sampled intervals

and dividing by the number of intervals. Bed-
ding features and mineralogy were determined

by visual inspection using a hand lens and

binocular microscope.

OBSERVATIONS
The floodplain has limited topographic re-

lief (Fig. 2) except near the rise and where
overflow channels have formed around the pe-

rimeter of the gulf floor (Figs. 2, 5, 6). Pre-

vious observations of the gulf during floods

suggested that muddy storm water resurging

from the rise was a source of fine-grained sed-

iment on the floor (Figs. 5, 6), although per-

haps not the only source. An intermittent

stream enters the gulf at the northern end.

where the gulf has expanded along the thal-

weg of a shallow valley and has cut a channel

into the bedrock rim (Fig. 2). Limited amounts

of sediment, consisting mostly of occasional

broken pieces of limestone and rare chert peb-

bles, exist in the channel, although fine-

grained sediment from nearby fields is trans-

ported during heavy rainfall (Powell pers.

comm. 2003). The gulf floor has little in the

way of material larger than sand size except

where rare, partially buried limestone boul-

ders have fallen from the gulf walls. Flood-

plain sediments exposed at the surface close

to the rise are coarser than at locations farther

away from the rise (Figs. 7, 8).

Core refusal at Site A occurred at - 10.8 m
(
— 35 ft) when the push tube encountered

limestone interpreted as bedrock or collapse

rubble. Coring at Site B penetrated 10.3 m (34

ft), but no sediment was recovered from -8.8

to -10.3 m (-29 to 34 ft). Coring was ter-

minated at 10.3 m (34 ft) due to a lack of

sediment recovery when either the saturated

material flowed out of the tube upon extrac-
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Table \.—Particle size data from sediment cores at Sites A and B, Wesley Chapel Gulf.

Percent particle size

Depth by weight

Site A cm in % clay % silt % sand Site B

Unit 2 12 64 24 Unit 2

3 1 18 52 30

25 10 20 75 5

152 60 17 62 21

234 92 22 73 5

262 103 18 69 13

292 115 20 65 15

350 138 20 75 5

Mean 19 76 15 Mean

Unit 1 386 152 19 68 13 Unit 1

488 192 19 66 15

541 213 18 72 10

549 216 23 66 11

597 235 18 73 9

625 246 23 58 19

670 264 21 68 11

595 274 21 72 7

777 306 16 36 48

869 342 14 26 60
- 939 370 17 36 47

975 384 31 56 13

984 388 38 61 1

998 393 22 74 4

1017 400 20 70 10

1025 403 10 83 7

1036 408 11 82 7

Mean 20 63 17 Mean

Mean Site A 19 69 16 Mean

Percent particle size

Depth by weight

cm in Vr clay /r silt Vr sand

14 52 34

25 10 20 68 12

152 60 19 69 12

234 92 16 66 18

292 115 15 61 24

350 138 15 59 26

16 62 21

488 192 16

Site B

54

42

30

597 235 14 62 24

615 242 17 56 27

678 267 1 37 61

696 275 5 27 68

777 306 54 18 28

869 343 5 42 53

tion, and/or sediments flowed around the tube

during pushing and never filled the coring de-

vice.

Two distinctive unconsolidated units were

identified based on color and sedimentation

style: a lower unit (Unit 1), and an upper unit

(Unit 2). Unit 1, a 7 m (23 ft) thick, dark

colored sandy silt, possesses distinctive inter-

vals in which bedding is preserved. Coring

disrupted the original morphology of the lay-

ers somewhat; however, bedding appears hor-

izontal and thin, ranging from 0.5 mm to 2

cm thick and averaging about 1 mm. Unit 1

bedding in both cores had alternating light and

dark colored bands (Figs. 9, 10), with lighter

bands commonly consisting of slightly coarser

material (fine sand/coarse silt) and darker

bands composed of finer particles (fine silt and
clay) and in some instances organic materials.

Sediments throughout the unit lacked calcar-

eous materials, but they did ha\e some iron

and manganese oxides in the darker layers.

Unit 2, by contrast, is a lighter colored

sandy sih about 3.5 m (11.5 ft) thick, with

rarely preserved bedding and minor paleosols

at several intervals. Unit 2 also lacked calcar-

eous materials, but contained zones of abun-

dant mottled sediments. Poorh de\eloped.

thin paleosols (entisols) consisted of an .A-ho-

rizon with weak soil structure (peds) o\erl\-

ing an oxidized C-horizon \\ ith no inter\ ening

B-horizon. A-C-horizonalion is coinmonlx as-

sociated with entisols. a soil laxononiic clas-

sification that denotes liniiied dcxelopnicnt

owing to. among other things, liniited time of

subaerial exposure in the soil-forming en\ i-

ronment (Birkeland 1
*-)*-)'-)). The surface soil

consisted oi' an .\-B\\ -C-hori/on sequence,

characterized as an inceptisol. that also sug-

gests limited soil dexelopnient.
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Core A: Particle Size Analysis

Cumulative %
20 40 60 80 100

Core B: Particle Size Analysis

Cumulative %
20 40 60 80 100

Figure 4.—Particle size analysis for cores from Sites A and B. Plots show cumulative percent of sand,

silt, and clay size fractions v^'. depth. Black is percent clay, gray is percent sand, and white is percent silt

as determined by standard pipette method (Singer 1986).

Particle size data from Unit 1 varied be-

tween cores (Table 1), with silt dominating at

Site A (mean silt percentage of 63%) and

mean particle size at Site B split equally be-

tween sand and silt, with values of 42%. In

both cores. Unit 1 showed greater sand con-

tent at Site A when compared to Site B. The
lower 2.1 m (7 ft) of Unit 1 contains a higher

percentage of sand than the upper part at both

core sites.

Unit 2 particle size data showed a trend

(Fig. 4; Table 1 ) similar to that of Unit 1 , with

mean silt-sized fractions comprising 76% at

Site A, and 62.5% at Site B. Sand content

ranged from 15% at Site A, to 21% at Site B.

When comparing mean particle size percent-

ages for the entire core, silt dominates the al-

luvium at Site A, with a mean percentage of

69.5% of the total sediment; sand and clay

were 16% and 19.5%, respectively.

Although silt (52%) also dominates alluvi-

um at Site B, the mean percent particle size

is greater than at Site A, as sand is 32% and

clay is 16% (Fig. 4; Table 1). Sediments col-

lected from both units at Site A were finer-

grained compared to the coarser-grained sed-

iments in both units at Site B (Fig. 4; Table

1), confirming that surface sediments become

finer-grained with distance away from the rise.

INTERPRETATIONS AND DISCUSSION

Lack of core barrel refusal at Site B indi-

cates alluvium close to the rise is greater than

10.3 m (34 ft), which is consistent with esti-

mates calculated from earlier measurements

by Malott (1932, 1952). At Site A, core barrel

refusal at 10.3 m (34 ft) depth was interpreted

as bedrock or collapse rubble. Attempts to au-

ger deeper were unsuccessful and turned up

limestone fragments. The alluvium is thinner

at Site A, probably due to irregular topogra-

phy of the underlying bedrock or collapse rub-

ble created as the gulf formed. Relatively less-

er amounts of collapse debris should occupy

locations where dissolution created pre-col-

lapse caves in the limestone. The resultant

collapse-created surface allowed deposition of

thicker alluvium at some locations, and thin-

ner amounts of fill in other locations. It is not

known how long it would have taken the un-

derground system to begin flooding into the
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Figure 5.—Photograph of Wesley Chapel Gulf

after a flood in February 1986 showing the over-

flow channels (foreground), documenting the stage

of the flooding (mudlines on tree trunks), and illus-

trating the nature of fine-grained sediment deposi-

tion on the floodplain. Note the lack of thick veg-

etation on the floodplain, as the property owners

routinely maintained floor at the time of the photos.

Photo courtesy of Dr. Paul Doss.

gulf, or if pre-collapse loess and/or residuum

contributed to the gulf alluvium.

As the intermittent stream cut down into the

bedrock wall on the northeast side of the gulf

(Fig. 2), it created a series of bedding plane

benches and a small waterfall onto the gulf

floor. Channel modification in the intermittent

stream occurs primarily by dissolution, creat-

ing a dissolved sediment load. However, dur-

ing heavy rainfall, the stream also carries sus-

pended sediments. Minor amounts of

sediment are stored in or along the bedrock

channel indicating that most of the suspended

sediment is transported into the gulf. The lack

of an alluvial fan or fan delta at the base of

the waterfall suggests material transported

into the gulf via this stream has been carried

into the subsurface via one of many sinkholes

in the overflow channel, or is redistributed

over the floodplain by flood waters associated

with the gulf rise. Although no cores were col-

lected from the north end of the gulf, both

depositional scenarios likely occur under spe-

cific circumstances. The surface stream dis-

charge occurs more frequently than does over-

flow flooding in the gulf (Powell pers. comm.
2003). Discharge in the intermittent stream

does not always create a waterfall, as some of

the flow is diverted into fractures before

reaching the rim of the gulf (R. Armstrong

pers. comm. 2003). When discharge exceeds

the capacity of the fractures to divert the wa-

ter, the flow over the waterfall is directed into

the overflow channel 3 at the north end of the

gulf where it is then diverted underground

through a series of swallow holes (Fig. 2). In

order to vertically-accrete sediments on the

floodplain, surface stream discharge must ex-

ceed the capacity of the overflow channel

swallow holes to carry the water. 0\erbank

flooding attributable to the intermittent streani

does occur, but less frequently than flow in the

stream. When the gulf rise floods the o\ erflow

channels, water from the surface stream flow s

into the already flooded gulf, where suspended

sediments are probably redistributed as a

floodplain rather than a delta or fan.

The few boulders partly buried along the

perimeter of the gulf floor indicate that rock

falls contribute some debris to the gulf floor.

although at the surface the amount oi rock

contributed to the alluvium \ ia rock falls ap-

pears minor relative to the area oi allu\ ium

exposed on the gulf floor How e\ er. the total

volumetric contribution of boulders from rock

falls and collapse events is be\ond the scope

of this paper

The decrease in particle si/e w iih distance

away from the rise is attributed to a Llccreasc

in floodwater energ>. During floculing. water

flowing up through the rise transports sedi-

ment as coarse as granule size (2—1- ntnt) and

deposits the particles on the margin of the rise

pit adjacent to the floor (Figs. 7. S). When
flood stage fills the rise pit. the water flows

first into overflow channel 1 (Fig. 2) in the far

southwest side of the gulf until ihc swallow

holes can no longer di\ ert the \ olunic of w ater

discharging into the channel. .As the stage ris-

es higher it o\erflow s in to oxerflow channel

2 (Fig. 2). .As the flood stage exceeds the

swallow hole capacit> and the ele\ alion of the
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Figure 6.—Photograph of Wesley Chapel Gulf after a flood in February 1986 showing the mudlines on

tree trunks. Note the lack of thick vegetation on the floodplain. Photo courtesy of Dr. Paul Doss.

overflow channel banks, it inundates the near-

ly horizontal floor of the gulf, flowing north-

west as sheet flood (Powell pers. comm.
2003). When the water leaves the confines of

the rise, energy levels drop, causing deposi-

tion on the gulf floor. The overflow water de-

posits coarse-grained sediments first, and then

progressively finer-grained sediments with in-

creased distance from the rise and correlative

decrease in flow velocity as dictated by a

Hjulstrom model (Hjulstrom 1939).

Couplets consisting of alternating bands of

light and dark sediment at both sites are in-

terpreted to be two parts of a single flood

(Figs. 9, 10). A major flood in the gulf rises

rapidly and has more energy than during the

waning stages of the flood. During the maxi-

mum stage of flooding, the rise overflows the

perimeter channels and the gulf becomes a

steep-walled lake. As water levels fall, the

overflow channels drain water on the floor

back into swallow holes that line the overflow

channels (Malott 1952). Coarser sediment de-

posited as a light band is transported more
readily during the rising stage, whereas silt

and clay-sized fractions that sometimes have

a higher organic component are deposited as

darker bands once the floodwater flow across

the gulf abates.

The lack of preserved bedding and the pres-

ence of paleosols in Unit 2 reflect a change in

soil-forming conditions as compared to Unit

1, specifically the duration between deposi-

tional events. Pedogenesis acts as a homoge-
nizing agent, disrupting original bedding fea-

tures while creating soil horizons (Birkeland

1999). Original bedding is visible in Unit 1,

which suggests sediment deposition outpaced

soil development. Rates of pedogenesis were

apparently more rapid or sedimentation rates

were slower during deposition of Unit 2. In-

creased time between flooding should be ex-

pected as the elevation of the gulf floor in-

creased due to sediment deposition and or

incision occurred due to local base level low-

ering.

Correlation to climate and human influ-

ences.—The high percentage of coarse sedi-

ments at —7 m in both cores (Fig. 4) may
represent climate change. Although pollen re-

cords or other climate proxy data for the re-

gion are scarce, some general statements can

be made concerning past environmental con-

ditions. Shortly after the Wisconsinan glacial

maximum, climates in the midwestern U.S.

were cold, with available moisture similar to

modern levels but likely locked up as ice

(Williams 1974; Bartlein et al. 1984). During

the terminal Pleistocene conditions were still

cool but warming, causing ice and snow to



DURBIN ET AL—WESLEY CHAPEL GULF 105

Figures 7, 8.—Photographs of sediments proximal to the rise in Wesley Chapel Gulf. Figure 7 shows

the morphology of sediments deposited by water flowing out of the rise. Figure 8 is a close up of sediments

in the area indicated in Fig. 7. Pocket knife shown for scale (13 of 20 cm length exposed).

thaw and become more active again in the hy-

drologic cycle. By the early Holocene, con-

ditions were warm, with fluctuating moisture

levels from drier-than-modern to modern
moisture conditions (Williams 1974; Hollo-

way & Bryant 1985; Baker et al. 1992). The
transitions from climates with cooler temper-

atures and some moisture to those with warm-
er temperatures and less or more effective

moisture affected the vegetation (Williams

1974; Bartlein et al. 1984; Holloway & Bry-

ant 1985; Baker et al. 1992), and altered dis-

charge regimes and sediment loads for the

karst system. Transitions from glacial climates

and cold-tolerant arboreal vegetation to warm-
er climates with non-arboreal hardwood for-

ests and grasses have been shown to increase

soil development (Birkeland 1999). as well as

sediment supply and discharge in streams

(Langbein & Schumm 1958). The increased

erosion in the Lost River basin and sediment

transport initially favored deposition of coars-

er material on the gulf. However, with time

the alluvial gulf floor increased in thickness

Figures 9, 10.—Photographs of small intervals of Core A (Fig. *-)) and Core B (Fig. 10) taken from

depths of 560 cm (-18 ft) and 457 cm (~15 ft), respectively. Sediments show distinctive bedding, ac-

centuated by color differences between the various layers. Color changes are due largeh to differences in

particle size and variability in organic carbon content. Each square on the ruler night) is 1 cm.



106 PROCEEDINGS OF THE INDIANA ACADEMY OF SCIENCE

making deposition of coarser materials on the

tloodplain more difficult due to diminished

amounts oi^ coarse sediment and the increased

gulf floor elevation.

The modern climate of relatively mild wet

winters and warm humid summers favored

changes in chemical and physical weathering

and in vegetation patterns, allowing lush hard-

wood forests to develop (Williams 1974; Bry-

ant & Holloway 1985). The transition from

humid to dry climates in the Holocene would

have facilitated stripping of soils developed

on the limestone bedrock during the wetter pe-

riods. As the landscape reached equilibrium

with modern environmental conditions,

coarse-grained materials that were already

limited due to the stripped sandstone caprock

of the overlying Pennsylvanian system of the

Crawford Upland and the soluble Mississip-

pian limestone bedrock of the Mitchell Pla-

teau became scarcer. Increased proportions of

finer-grained sediments from sources such as

loess and terra rosa (insoluble limestone re-

siduum) became the dominant sources of sed-

iment entering the Lost River drainage net-

work. The transition from sandy to

silt-dominated alluvium in Unit 1 represents

the likely response to the transition from the

mid-Holocene warm and dry interval to mod-
ern warm humid climate.

Deforestation and tillage of the landscape

beginning in the 1800's provided ample sourc-

es of hne-grained colluvium and soil that were

transported into the surface and subterranean

drainage networks. The shift in color and bed-

ding characteristics observed in both cores at

the contact between Units 1 and 2 may rep-

resent the influence of widespread deforesta-

tion and agricultural development of the re-

gion. The gulf floor was used sporadically for

agricultural and grazing purposes during the

19()()\s through the 199()\s, until the U.S. For-

est Service took possession of the property in

1996. The presence of finer-grained sedi-

ments, the frequency of paleosol occurrence

and the degree of paleosol development in the

upper 3 m (10 ft) of the cores supports an

anthropogenic influence on erosion and sedi-

mentation in Unit 2 similar to that commonly
observed in other drainage networks (Orbock-
Milleretal. 1993: Taylor & Lewin 1997). Ma-
terial deposited on the fioodplain of the gulf

meant future floods needed to attain higher

stages to get out of the rise pit and overflow

channels and onto the fioodplain. Floods of

sufficient magnitude to inundate the gulf floor

would have occurred less frequently with each

successive depositional event. Physical re-

cords of gulf flooding are not available, and

anecdotal accounts are incomplete and/or con-

tradictory (R. Armstrong pers. comm. 2003;

Powell pers. comm. 2003). Modern flooding

of the gulf occurs sporadically in terms of fre-

quency and time of year over which flooding

occurs (R. Armstrong pers. comm. 2003).

Most floods occur in the spring, although

floods can occur at any time of year. Over the

interval in which data were collected (October

2000 through March 2003), the gulf flooded

only once (March 2003), despite several epi-

sodes of intense rainfall and flooding of sur-

face streams. The infrequent nature of flood-

ing supports formation of minor paleosols in

the upper 3 m (10 ft) of sediment during de-

positional hiatuses, as soil formation outpaced

deposition.

Given the record of late Pleistocene and

Holocene climate change, an alternative ex-

planation may be that soil-forming conditions

intensified and diminished episodically in

conjunction with sediment deposition, creat-

ing conditions whereby soils formed either

more quickly or more slowly. However, the

number of, and degree of development of mi-

nor paleosols in the cores supports the vari-

able rates of deposition scenario. The vari-

ability in the number of paleosols exceeds the

documented shifts in late Pleistocene through

Holocene climates, and speed at which said

climatic changes could manifest themselves in

the pedogenic record.

Modern flooding of the gulf occurs sporad-

ically in terms of frequency and time of year

(R. Armstrong pers. comm. 2003), but most

flooding occurs in the spring. Over the inter-

val in which data were collected (October

2000 through March 2003), the gulf floor

flooded only once (in the Spring of 2003). An-

ecdotal accounts prior to 2000 suggest that

such long intervals between gulf floor flood-

ing may not be typical (Powell pers. comm.
2003).
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