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ABSTRACT:  Fluvial systems respond to glaciation/deglaciation, climate and human impacts in various geomorphic, 

hydrologic and sedimentologic ways.  To better understand the post-glacial evolution of formerly glaciated valleys, 

this study examines the stratigraphy and geomorphology of floodplains within the French Creek Watershed using 

stream cut banks, backhoe trenches and shallow soil auger borings.  The results suggest two main stratigraphic units 

exist.  The lower unit is prehistoric and consists of sandy and gravelly lateral accretion deposits overlain by silty 

vertical accretion deposits with moderate soil development.  Much of the prehistoric unit is middle to late Holocene 

in age, generally less than ~ 4-6 ka.  In numerous places the prehistoric unit is capped by a historic vertical accretion 

deposit with weak soil development.   

 

The geomorphic evolution of floodplains in northwestern Pennsylvania is intimately linked to late Pleistocene 

glaciation that widened and deepened stream valleys. Most stream incision likely occurred around the Late 

Pleistocene-Holocene transition, hence the lack of distinct Holocene terraces.  Lateral migration and sediment 

reworking/removal, possibly coupled with regional climate, in many glacially-widened valley sections may be 

responsible for the conspicuous lack of alluvium older than ~ 4-6 ka.  The cool and wet climate of the past ~ 3 ka 

likely triggered floodplain aggradation and lateral channel migration.  Euro-American settlement and forest 

clearance within northwestern Pennsylvania from the late 1700s into the 1800s triggered widespread landscape 

instability, lateral stream erosion and deposition of post-settlement/historic alluvium.  Results presented here 

represent fluvial system responses to glacial pre-conditioning, climate and human impacts.   

 

Keywords: Floodplain evolution, fluvial response, alluvial stratigraphy, Northwestern Pennsylvania, Late 

Quaternary  

 

INTRODUCTION 
 

  Fluvial systems respond to glaciation/deglaciation, climate and human impacts in various geomorphic, 

hydrologic and sedimentologic ways.  During Pleistocene glaciations, stream valleys were widened and deepened as 

ice advanced across the landscape, glaciogenic sediments filled stream valleys, which were then subsequently incised, 

laterally eroded, and eventually removed by deglacial and post-glacial fluvial processes (Knox, 1983; Schumm and 

Brackenridge, 1987; Blum and Tornqvist, 2000; Schumm, 2007; Stinchcomb et al., 2012).  In the post-glacial 

landscape, the drivers of this fluvial activity are complex and are derived from external (e.g. climate and tectonics; 

Blum and Tornqvist, 2000; Knox, 2000; Schumm, 2007) and internal forcing mechanisms, including the impacts of 

human land-use/land/cover change (Costa, 1975; Knox, 1983; Jacobson and Coleman, 1986; Schumm, 2007; Arbogast 

et al., 2008; Walter and Merritt, 2008; Grote and Myers, 2012; Stinchcomb et al., 2011).   

The impact of multiple Pleistocene glaciations is widely represented throughout northwestern Pennsylvania 

by the plethora of glaciogenic landforms and associated deposits.  Virtually all stream valleys on the Glaciated 

Allegheny Plateau were glacially-sculpted, widened and deepened as the Laurentide Ice sheet advanced and retreated 

across the landscape multiple times during the Pleistocene (Shepps et al., 1959; Straffin and Grote, 2010; Fleeger et 

al., 2011; Grote and Straffin, 2019).  However, stream valleys also preserve a stratigraphic, sedimentologic and 

geomorphic record of fluvial system evolution since deglaciation, which is the focus of this study.  Data presented in 

this paper is used to develop a conceptual model of post-glacial fluvial system which considers the impacts of glacial 

pre-conditioning, inferred paleoenvironmental conditions and human impacts in northwestern Pennsylvania.  Data 

from northwestern Pennsylvania is also placed into a regional context by comparison to studies of other post-glacial 

fluvial systems.  This information may be useful to archaeologists, geologists, geomorphologists working in formerly 

glaciated watersheds.   

 

 

STUDY AREA 
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French Creek is a south-flowing tributary to the Allegheny River that drains 3199 km2 (1235 mi2) of formerly 

glaciated terrain in the headwaters of the Ohio River watershed in northwestern Pennsylvania and a portion of western 

New York (Figure 1).  Bedrock withing the study area consists of relatively flat lying Paleozoic sedimentary strata 

belonging to the Pennsylvanian Pottsville Group, Mississippian Shenango Formation, and Cuyahoga Group (Edmunds 

1977). Bedrock crops out locally along glacially eroded valley margins and uplands, and occasionally floors stream 

channels.  The French Creek watershed was extensively glaciated during the Pleistocene, with a series of end moraines  

 

 

Figure 1:  Location of the study area in the Allegheny River Basin in Northwestern Pennsylvania (A).  The study 

area along French Creek and Woodcock Creek is shown in B and with detailed digital LiDAR elevation hillshade 

base and valley fill deposits (terraces and floodplain) in C.  White circles denote generalized areas investigated.  

Shaded rectangle shows the location of detailed study shown in Figure 2.  Light green circle shows the location of 

Figure 3d.  Black triangle denotes the location of the radiocarbon age from a peat deposit reported in Fleeger et al. 

(2011).  The Kent end moraine (Shepps et al., 1959) shown in C denotes the maximum extent of Late Wisconsin 

glaciation at ~ 24 ka, which covered the entire study area.  Younger glacial re-advances (Lavery, Hiran, 

Ashtabula in Shepps et al., 1959) did not cover the study area, but meltwater would have been routed though the 

French Creek system until the Laurentide Ice Sheet retreated into the Lake Eire basin.  M = Meadville, PA. 
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demarcating former ice marginal positions that become progressively younger to the north (Figure 1; Shepps et al., 

1959).  Much of the French Creek Watershed was glaciated during the Pre-Illinoian glaciation, which is the most 

extensive ice advance recognized in northwestern Pennsylvania.  Suspected Illinoian glaciation also extended farther 

than the Late Wisconsin (latest Pleistocene) glacial maximum (LGM) and in places approached the Pre-Illinoian limit 

(Shepps et al., 1959; White et al., 1969; Straffin and Grote, 2010; Fleeger et al., 2011)).  The LGM is demarcated by 

the Kent End Moraine on Figure 1.  As the Laurentide Ice Sheet (LIS) disintegrated during the late Wisconsin 

deglaciation and the landscape of northwestern Pennsylvania became progressively ice-free, the French Creek 

Watershed increased in size and began to organize the drainage pattern and hydrological regime that we observe today.  

Underfit streams flowing in wide and deep glacially scoured valleys, ponds, lakes and wetlands are common features 

of the post-glacial landscape of northwestern Pennsylvania today, although some bedrock-controlled reaches exist 

(Straffin and Grote, 2010; Fleeger et al., 2011). 

Throughout the study area, which consists of portions of the middle French Creek Valley and lower 

Woodcock Creek Valley, the floodplain environment is flanked by one or two terraces nearly continuously lining the 

valley margins (Figure 1).  These terraces formed either by Late Wisconsin ice-contact deposition along valley walls 

with ice within valleys (kame terraces) or glaciofluvial meltwater deposition in valleys free of ice (outwash terraces) 

(Shepps et al., 1959; Straffin and Grote, 2010; Fleeger et al., 2011; Grote and Straffin, 2019).  Limited subsurface 

exposures into the terrace deposits and LiDAR imagery indicate they consist largely of Late Wisconsin sand and 

gravel deposited in a braided stream environment (Straffin and Grote, 2010; Grote and Straffin, 2019), and do not 

appear to contain any capping Late Pleistocene loess or Holocene alluvial deposits.  Distinct low level, post-glacial 

terraces are conspicuously lacking throughout most of the study area.   

Based on available data, northwestern Pennsylvania was ice-free by ~ 14-15 ka (e.g. Straffin and Grote, 2010; 

Fleeger et al., 2011). Since deglaciation, the regional landscape has experienced a variety of climatological and 

ecological changes.  Paleoenvironmental conditions have evolved from a latest Pleistocene park/tundra landscapes 

(inferred cold and dry paleoclimate circa 14-13 ka), to the hemlock/oak/hickory/beech forest (inferred warm and wet 

paleoclimate) of the middle Holocene (~ 8.2-5.4 ka), and ultimately to the markedly different pine/hickory/beech 

dominant forests (inferred cool and wet paleoclimate) of the latest Holocene, ~ 3 ka to present (Fleeger et al., 2011).   

Euro-American settlement and subsequent land use/land cover change within the French Creek valley 

significantly altered the landscape ecology of both stream valley and upland settings (Whittney & DeCant, 2003. 

Based on a synthesis of archival data, Burkett and Cunningham (1997) indicated that early Euro-American explorers 

and settlers in the French Creek watershed during the mid and late 1700s encountered mixed deciduous forests 

consisting of oak, chestnut, hickory, beech, maple, elm, walnut and cherry in well drained settings.  In wetter riparian 

zones near streams, ash, sycamore, hemlock and birch were encountered (Burkett and Cunningham, 1997). Whittney 

& DeCant (2003) indicate that up to 80% of the pre-settlement forest was cleared for agricultural and forestry purposes 

by the end of the 19th century.  The current land-use/land-cover is primarily a mixture of forest and agriculture, in 

addition to developed land (e.g. towns, cities, industrial parks) and numerous lakes, ponds, wetlands and marshes.  

The flow of French and Woodcock creeks is regulated by the Union City and Woodcock Creek dams, which represent 

some of the most significant anthropogenic impacts to watershed hydrology in the study area today.     
 

METHODS 
 

Initial stratigraphic, sedimentologic and geomorphologic data for this study were compiled from a variety of 

published and unpublished reports, analysis of topographic maps, soil survey maps, aerial photography and digital 

elevation data (LiDAR) within the ArcGIS environment, and review of the Pennsylvania's Cultural Resources 

Geographic Information System (PA CRGIS, last accessed June, 2016). A significant portion of this study entailed 

field-based soil-geomorphologic, sedimentologic, and stratigraphic data extracted from stream cut bank exposures 

(14), backhoe trenches (12) and shallow soil auger borings (> 30).  One area of intensive study forms the basis for 

interpretation of floodplain stratigraphy and geomorphology presented in this study (Figure 2).  The main area of 

investigation (Figure 2) was supplemented with additional information from cut banks in the lower Woodcock Creek 

Valley and several other locations along French Creek (Figure 1).  Representative soil profiles were described from 

each of the trenches to develop a soil-stratigraphic framework using standard procedures (Schoeneberger et al., 2002) 

and to identify sedimentary facies using the terminology of Miall (1996).  Four backhoe trenches excavated into the 

French Creek floodplain and 4 stream cut banks (2 along French Creek and 2 along Woodcock Creek) were sampled 

for laboratory gran-size analysis following standard procedures.  To constrain the soil and sediment stratigraphy, thus 

determine floodplain age, charcoal and wood were collected from floodplain exposures and analyzed using standard 



Floodplain Stratigraphy and Geomorphology 

4 

 

and AMS radiocarbon methods.  Time-diagnostic artifacts listed in the PA CRGIS were also integrated into the 

stratigraphic framework where appropriate. 

 

 

Figure 2: Area of detailed study along French Creek south of Meadville (M on Figure 1).  Circles denote backhoe 

trench localities.  Orange stars show locations of radiocarbon-dated soil-sediment sequences.  Light green circles 

show the locations of photos in Figure 3a-c.  Dark red line and adjacent symbols were used to develop the 

topographic cross-section and floodplain stratigraphy shown in Figure 5.  Red lines show the location of stream 

cut bank soil-sediment sequences, including the one shown in Figure 4.  Yellow dashed lines show prominent 

paleochannel locations.   

 

 

FLOODPLAIN STRATIGRAPHY AND SEDIMENTOLOGY 
 

Floodplains in northwestern Pennsylvania are inset several meters to tens of meters below Late Wisconsin 

glaciogenic materials (Figure 1).  The total thickness of the floodplain sediment package is generally elevated from 

2.5 - 4 m above the stream channel (Figures 3, 4 & 5).  Modern-day bed material within stream channels is reworked 

Late Wisconsin sand and gravel which may be tens of meters, or more, thick based on limited subsurface information.  

However, bedrock does outcrop locally within the channel bed and along valley walls in a few reaches, creating 

partially confined valleys.     

Prehistoric (post-glacial) alluvial deposits are the dominant surficial deposits within stream valleys.  

However, in a few locations 1 m or less of post-glacial alluvium was observed to unconformably overlie weathered 

till or glaciofluvial outwash of Pleistocene age, or possibly early Holocene alluvium derived from re-worked 

glaciofluvial deposits.  The base of the prehistoric floodplain consists of sandy and gravelly lateral accretion deposits 
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with occasional silty interbedded slackwater deposits.  Overlying the lateral accretion deposits is fine-grained (silty 

and loamy) vertical accretion deposits (Figures 3a-c, 4 & 5).  Laboratory grain-size analyses of 8 soil-sediment 

sequences showed a remarkable consistency of silt-rich vertical accretion deposits overlying sand and sandy gravel 

lateral accretion deposits (Figures 4).  Individual facies reflect crevasse splay, levee, and overbank deposition (Figures 

3, 4 & 5). Partially or fully infilled paleomeanders occur throughout the floodplains and reflect active lateral migration.  

In-filled paleomeanders contain sandy and silty/clayey facies representing high-energy flood deposition and low-

energy slackwater deposition respectively (Figure 3d).  Floodplain wetlands, lakes and ponds are also present 

throughout the study area and are recognized in the subsurface by silty, clayey and occasionally peaty deposits.  

Radiocarbon age estimates suggest that much of the fine-grained vertically accreted alluvium has accumulated during 

the late Holocene and is younger than ~ 4000 14C years BP (~ 4 ka) (Table 1).  However, Fleeger et al., (2011) report 

a radiocarbon age of ~6.3 ka derived from peat unconformably underlying overbank alluvium near an inlet stream of 

Conneaut Lake (white triangle on Figure 1) which lies within the French Creek Watershed.  The Conneaut Lake 

alluvium age is in agreement with floodplain ages presented in this study (Table 1).  Vento et al (2008) also reports 

two additional radiocarbon ages from an infilled kettle hole/back slough of 6400 and 8550 years before present, but 

does not indicate if the ages are 14C years or calibrated years.   

 

 
 

 

In many locations examined during fieldwork, especially within cut banks along active stream channels, the 

prehistoric floodplain is buried by an upper vertically accreted stratigraphic unit of historic age based on the presence 

of historic artifacts such as glass and nails (Figures 3a-c, 4 & 5).  The upper stratigraphic unit is attributed to Euro-

American settlement within the region and associated land clearance (post-settlement alluvium; PSA).  The contact 

between the two units is almost always abrupt, but becomes less distinct with increasing distance from stream 

channels, and can be recognized by a distinct buried soil A horizon (Ab; see next section for details), and changes in 

soil color and/or texture (Figures 3a-c, 4 & 5).  Although the complete spatial extent of PSA is unknown, sediment 

package thicknesses appear to generally be thickest near stream channels and thin with increasing distance from them 

(Figure 5).  The total thickness of the PSA unit are generally 0.5-1.0 m, but approached 1.5-2.0 m in a few locations 

(Figures 3a-c , 4 & 5; Fleeger et al. 2011).  Unvegetated or sparsely vegetated in-channel bars are sandy and gravelly 

and also historic in age.  These lateral accretion deposits sometimes have a distinct ridge and swale topography, with 

silty slackwater deposits in the swales and draped over sand bars (Figure 5).    

Table 1: Radiocarbon Assays for the Study Area

Lab # Conventional 

Radiocarbon Age

2 Sigma Calibrated 

Age Range

Material Location Description

BETA252957 3480 +/- 50 14C yrs BP BC 1930 to BC 1680 Wood French Creek Slackwater facies underlying point bar 

sand and gravel

BETA259694 1910 +/- 50 14C yrs BP BC 10 to AD 230 Wood Woodcock Creek Wood in alluvial fan/channel fill

BETA233607 1860 +/- 40 14C yrs BP AD 60 to AD 240 Leaf fragments Woodcock Creek Slackwater facies underlying point bar 

sand and gravel

BETA231117 1630 +/- 40 14C yrs BP AD 340 to AD 540 Charcoal Woodcock Creek Cultural feature and debitage

BETA252958 1460 +/- 40 14C yrs BP AD 540 to AD 650 Charcoal French Creek Basal vertical accretion deposits

BETA268699 670 +/- 40 14C yrs BP AD 1270 to AD 1330 

or AD 1340 to AD 

1400

Charcoal Woodcock Creek Buried A horizon in alluvial fan/channel 

fill

BETA255020 630 +/- 40 14C yrs BP AD 1280 to AD 1410 Charcoal French Creek Cultural feature with Late Woodland 

artifacts

PITT856 440 +/- 20 14C yrs BP AD 1428 to AD 1467 Charcoal French Creek Buried A horizon with cultural debitage

BETA268698 360 +/- 40 14C yrs BP AD 1440 to AD 1640 Charcoal Woodcock Creek Buried A horizon in alluvial fan/channel 

fill

BETA261598 300 +/- 60 AD 1450 to AD 1670 

or AD 1770 to AD 

1800 or AD 1940 to 

AD 1950

Wood Woodcock Creek Wood in channel fill

PITT857 105 +/- 20 14C yrs BP "modern" Charcoal French Creek Basal vertical accretion deposits
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Figure 3: Example floodplain stratigraphy.  3a shows an excellent cut bank exposure showing the complete 

floodplain stratigraphy (prehistoric and historic deposits) along French Creek, including the distinctive buried 

prehistoric soil horizon.  3b and 5c show the very distinctive buried prehistoric soil that commonly underlies post-

settlement/historic alluvium than in places reaches 2 meters in thickness along French Creek.  The buried soil in 

3b dates to about 630 14C years before present (see BETA255020 in Table 1).  The buried soil in 3c dates to about 

440 14C years before present (see PITT856 in Table 1).  3d shows flood events preserved within in-filled 

paleomeanders along lower Woodcock Creek near the confluence of French Creek.  See Figures 1 & 2 for 

locations of photos.    
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Figure 4:  Example of floodplain stratigraphy along French Creek.  4a photo mosaic of an extensive cut bank 

exposing a complete floodplain stratigraphy.  This location produced the oldest 14C date of the study.  As such, it 

is used as a representative soil-sediment sequence for the study area.  4b shows the floodplain stratigraphic units 

(LA = lateral accretion; VA = vertical accretion), grain size distribution and degree of soil development to a depth 

of approximately 2 meters.  The gravelly sand of the lower lateral accretion deposits (soil horizon 3C6) was not 

analyzed in the lab.  Red line on the right side of 4a shows location of 4b.  See Figure 2 for location of this figure. 

 

Soil Characteristics 

 

Soil formation has generally altered much the vertically accreted alluvium into moderately developed 

Inceptisols with oxidized (reddened) cambic (Bw) horizons in well-drained landscape positions (Figure 4). Total soil 

thickness is typically on the order of 1.0-1.5 m. In some locations, pedogenesis also weathered the top portions of the 

lateral accretion deposits.  Late Holocene soil formation produced dominantly silt loam cambic horizons that range 

from a minimum of 16 cm to over 120 cm in thickness with an average of 63 cm (n=26).  Cambic horizon reddening 

was expressed as yellowish-brown colors (mostly Munsell 10 YR hues), and commonly slight increases in the clay 

fraction percentages (Figure 4). This degree of cambic horizon development is consistent with several hundreds to a 

few thousand years of formation (3-6 ka) when compared to other studies of floodplain soils in eastern North America 

(Bilzi and Ciolkosz, 1977; Scully & Arnold, 1979 & 1981; Waltman & Ciolkosz, 1995, Schuldenrein, 2003), and 

appears consistent with existing radiocarbon ages (Table 1).   
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Figure 5:  Topographic cross-section and stratigraphy of the French Creek floodplain.  Elevation data was 

extracted from the LiDAR digital elevation model along the dark red and black line shown in Figure 2.  Dark red 

numbers of backhoe trenches tied to the cross-section (trenches 6-9 to the north and 10-12 to the south, numbered 

west to east respectively so to be linked to Figure 2 which is un-numbered).  Solid black line shows observed 

lateral and vertical relationships.  Black dashed line shows inferred stratigraphic correlation.  Note the pinching 

out of the buried prehistoric soil with increasing distance from the stream channel.  View is to the north. 

 

 

Figure 6:  Conceptual model of fluvial response to glacial pre-conditioning, climate and human impacts.  White 

triangles and italicized dates represent major hydroclimate transitions. See Fleeger et al. (2011) for hydroclimate 

zones references.  Upper atmosphere circulation (Atmos. Circ.) based on the seminal work of Knox (1983 & 

2000) and modified based on observations from eastern North America and the work of Vento et al. (2008).  

Question marks indicate uncertainty in the beginning and end of fluvial system behavior in northwestern 

Pennsylvania. 
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A distinctive buried soil A (Ab) horizon is present in many cut bank exposures, and subsurface trenches and 

borings in the French Creek watershed (Figures 3a-c, 4 & 5). The dark and sometimes over-thickened Ab horizon is 

nearly continuously traceable throughout floodplain cut banks and has yielded radiocarbon dates of ~ 440 14C ybp, ~ 

630 14C ybp and ~ 1630 14C ybp (Table 1; Figure 3b & c) and a variety of Late Woodland Period artifacts, indicating 

Native American exploitation of the floodplain environment (Figure 5).  For example, backhoe trenching within the 

French Creek floodplain south of Meadville (M on Figure 1) a very dark and charcoal-rich, buried soil horizon 

contained three cultural features and yielded numerous artifacts which indicated a Glaciated Appalachian Plateau 

Mahoning Phase occupation (sensu Johnson and Myers, 2004) of the floodplain (Allen Quinn, archaeologist, personal 

communication; Figures 3a-c & 5). The Late Woodland occupation likely occurred sometime between AD 1280 and 

AD 1410 based on a single radiocarbon assay (BETA255020 in Table 1) and the time-diagnostic artifacts.  In addition, 

Vento et al. (2008) report an additional radiocarbon assay of a buried soil with prehistoric artifacts dating to ~800 ybp.  

This Ab horizon represents the prehistoric floodplain surface and is a useful stratigraphic marker that separates the 

lower Late Holocene stratigraphic unit from the overlying PSA stratigraphic unit (Figures, 3a-c, 4 & 5). Rarely were 

additional Ab horizons identified underlying the distinctive Ab horizon within the floodplain environment, and where 

present they were typically associated with paleochannel fills suggesting alternating phases of episodic infilling and 

landscape stability (Figure 3d). 

Weakly expressed entisols are developing in vertically accreted PSA (Ap-A2/AC sequence on Figure 4).  The 

weak pedogenic development expressed in PSA soil profiles (A horizon only) suggests an age of ~ 200 years or less 

based on the minimum time to form cambic horizons (Bilzi & Ciolkosz, 1977; Scully and Arnold, 1979).  This age 

assignment is supported by a single “recent” 14C assay (see Table 1) and historic artifacts including glass and nails 

from the early 1900s (Allen Quinn, archaeologist, personal communication; Figure 5).  Active point bars show no to 

little evidence of soil development as they are frequently scoured and stripped of vegetation during floods.   

 

Insight From Archaeology 

 

The PA CRGIS system (last accessed June 2016) reports a total of 38 registered archaeological sites within 

the study area: 29 in the middle French Creek Valley and 9 within the lower Woodcock Creek Valley. Of the 38 total 

registered sites, 14 (~48%) were registered as "Undifferentiated Prehistoric" and are of little use in this study. The 

majority of the remaining sites with useful time-diagnostic artifacts found within the floodplain environment reflect 

primarily Late Holocene occupations (Late Archaic through Late Woodland), whereas Middle and Early Holocene, 

and Late Pleistocene sites (Middle through Early Archaic) are far less prevalent. This tabulated archaeological 

information suggests that some portions of the floodplain in northwestern Pennsylvania are older than ~ 5 ka, and 

possibly as old as 10 ka based on purported Kirk Corner Notched points dated to 7000 - 8000 BC in Custer (2001).  If 

the Kirk point was in primary context then portions of the floodplain may be as old as early Holocene, but if it was a 

surface find would likely indicate is not in its original context and the age of the floodplain where discovered would 

be largely unknown.  Finally, geoarchaeological testing by Vento et al. (2008) indicates portions of the French Creek 

floodplain are > 6 ka based on field excavations south of Meadville (M on Figure 1), which overlapped with southern 

portions of the study area shown in Figure 2.  Nonetheless, the summation of archaeological information suggests that 

portions of floodplains in northwestern Pennsylvania are older than radiocarbon assays reported in this study imply.    

 

 

FLOODPLAIN EVOLUTION IN NORTHWESTERN PENNSYLVANIA 
 

Based on the combination of radiocarbon geochronology, age estimates from soil profile development and 

archaeological information, floodplains in northwestern Pennsylvania consist of a patchwork of alluvium of varying 

age, but primarily middle and late Holocene in age (< 4-6 ka), which should be expected along laterally mobile, 

meandering streams.  A conceptual model of post-glacial fluvial system evolution is presented herein (Figure 6) based 

loosely on regional paleoenvironmental interpretation (climate and forest ecology; Fleeger et al., 2011), known human 

disturbances and the fact that both French and Woodcock creeks both primarily flow in wide, glacially scoured valleys.   

As the LIS slowly and unsteadily retreated out of northwestern Pennsylvania, the decrease in meltwater and 

sediment supply likely triggered incision throughout deglaciation until near the Late Pleistocene-Holocene transition 

and the formation of the Pleistocene-aged terraces that flank the valley margins today (Figure 1; Straffin and Grote, 

2010; Grote and Straffin, 2019).  The early deglacial and post-glacial landscape was likely very-poorly drained and 

contained a non-integrated drainage network that consisted of streams, lakes and wetlands, somewhat similar to the 

modern landscape, but likely with a higher groundwater table.  The lack of distinct, low-lying, post-glacial terraces in 

most valley segments suggests that streams have not incised deeply into the unconsolidated valley fill during the 
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Holocene and the abundant post-glacial paleomeanders, oxbow lakes and meander scars visible on aerial photographs, 

satellite imagery, LiDAR and in subsurface exposures implies lateral migration and floodplain re-working is 

commonplace in the glacially pre-conditioned landscape.  The re-working and eventual removal of valley fill by highly 

mobile streams in the glacially pre-conditioned stream valleys, possibly coupled with regional climate, is a likely 

reason that this study did not identify more definitive evidence of floodplain alluvium that is older than ~ 4-6 ka (Table 

1; Figures 4 & 6), although some pre-6 ka alluvium is known to exist (Vento et al., 2008; Fleeger et al., 2011).  Lateral 

migration, stream incision and erosion, and the reworking and removal of valley fill during the early and middle 

Holocene has also been reported in the Delaware River Valley (e.g. Stewart et al., 1991; Schuldenrein, 2003 and 

Stinchcomb et al., 2012), the Susquehanna River Valley (Scully and Arnold, 1981), and other river systems in eastern 

North America (e.g. Knox, 1983; Brakenridge et al., 1988; Arbogast et al., 2008; Vento et al., 2008), which have been 

variously linked to prevailing climate and vegetation dynamics.  Detailed work by Stinchcomb et al., (2012) in the 

middle Delaware River Valley, which lies to the east of northwestern Pennsylvania, documented that floodplains along 

the river were stable during the early Holocene (10.7-8 ka) under a generally cool and dry climate.  Floodplain stability 

was followed by a phase of channel erosion and floodplain scouring (8-5 ka) under a generally warm and wet climate.  

Scully and Arnold (1981) also found that lateral accretion was dominant from about 8 ka to about 4.4 ka.  Stinchcomb 

et al. (2012) also suggest that floodplain reworking, channel abandonment and vertical accretion overlap with an 

abrupt climate and vegetation shift that is documented in northeastern US pollen and lake-level (e.g. Shuman et al., 

2004) records.  The pollen, lake level and isotope records suggest a warm-dry regional climate from 5.5-3 ka (Shuman 

et al., 2004; Zhao et al., 2010).  It is possible that much of the French Creek floodplain alluvium was reworked and/or 

removed during the warm-wet and subsequent warm-dry 8-3 ka climate intervals (Figure 6) similar to the Delaware 

and Upper Susquehanna river valleys.  In fact, Vento et al., (2008) suggest widespread erosion and removal of material 

from small fluvial systems in the Mid-Atlantic from about 4.5 ka until about 3 ka.  Knox (2000) suggested that zonal 

upper atmospheric flow was dominant for much of the middle Holocene, which likely reduced flooding due to the 

increased persistence of dry and stable air masses (Figure 6).  Alternatively, the lack of identified middle and early 

Holocene alluvial deposits might simply be the result of non-discovery because of the limited number of soil-sediment 

sampling locations.   

Climate changed from warm-dry to cool-moist approximately 3 ka throughout northeastern North America 

(Shuman et al., 2004; Zhao et al., 2010; Fleeger et al., 2011; Stinchcomb et al., 2012) which may be related to a shift 

from more zonal to meridional upper level atmospheric circulation (Figure 6).  Cool-moist conditions and the jet 

stream in a generally meridional flow configuration would be conducive to increased overbank flooding in the central 

and eastern United States (Knox, 1983 & 2000; Grote and Myers, 2012; Stinchcomb et al., 2012).  Numerous studies 

have documented floodplain accretion during this interval, or in some cases slightly longer, throughout eastern North 

America (Scully and Arnold, 1981; Knox, 1983; Brakenridge et al., 1988; Schuldenrein, 2003; Arbogast et al., 2008; 

Vento et al., 2008; Fleeger et al., 2011; Grote and Myers, 2012; Stinchcomb et al., 2012).  Reworking of valley fill 

and lateral channel migration would also have been active over this same, or similar, time interval as evidenced by 

paleochannel fills, meander scars, oxbow lakes documented in the French Creek Watershed (this study) and also in 

the Delaware River (Stinchcomb et al., 2012), Upper Susquehanna River (Scully and Arnold, 1981), Muskegon River 

(Arbogast et al., 2008) and Upper Mississippi River (Knox, 2000) valleys.  However, Stinchcomb et al., 2011 

suggested that increased sedimentation in the Delaware River Valley over the past ~ 1 ka may be a complex fluvial 

response related to an increased Native American population and associated land use practices coupled with changing 

climate conditions related to the Medieval Warm Period-Little Ice Age transition.  Interestingly, Waltman and 

Ciolkosz (1995) suggested that certain alluvial soils with deep, dark soil horizons in northwestern Pennsylvania, 

including the French Creek Valley, formed under the influence of prairie or meadow conditions influenced by the 

warm-dry conditions of the Hypsithermal (middle Holocene) climate interval.  However, Burkett and Cunningham 

(1997) suggested that the occurrence of prairie in the French Creek Valley was due to Late Woodland culture’s 

subsistence-settlement strategies, and that the French Creek landscape at the time of Euro-American contact was a 

Native American-modified "cultural landscape".  Data collected during this study cannot provide a definitive answer 

as to why prairie-like conditions existed along French Creek, but the occurrence of numerous Late Woodland 

archaeological sites associated with deep, dark buried soils with abundant charcoal fragments preserved within the 

floodplain stratigraphy (see Figures 3a-c, 4 & 5) qualitatively suggests that Native Americans did have an impact on, 

and at least were utilizing, the floodplain environment.  Nonetheless, a combination of climate and Native American 

activity seems very plausible.   

Beginning in the late 1700s, Euro-American settlement and subsequent land use/land cover change within 

the French Creek Watershed significantly altered the landscape ecology of both stream valley and upland settings 

(Figure ; 6 & DeCant, 2003), and also significantly altered the historic geomorphic and hydrologic regimes of the 

watershed. The mixed deciduous forests encountered by early Euro-American settlers in the 1700s were cleared for 
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agricultural and forestry purposes by the end of the 19th century (Burkett and Cunningham, 1997; Whittney and 

DeCant, 2003). The dramatic decline in forest cover during the 1800s was likely a dominant trigger of post-settlement 

alluvium (PSA) deposition within the French Creek Watershed (Figures 3a-c, 4 & 5).  Other studies have documented 

the profound impact of Euro-American settlement and subsequent historic land-use/land-cover change on the 

landscape and river systems of eastern North America (e.g. Costa, 1975; Scully and Arnold, 1981; Jacobson and 

Coleman, 1986; Brakenridge et al., 1988; Walter and Merritts, 2008; Stinchcomb et al., 2012).  The timing of historic 

settlement in northwestern Pennsylvania also closely follows some of the coldest and wettest years of the Little Ice 

Age (LIA) (Mann et al., 2009), but a clear fluvial/hydrologic response to LIA climate cannot be determined due to 

widespread human impacts that were occurring concurrently.  It is likely however that the cool and wet conditions of 

the past ~ 3 ka, and well documented during the LIA, would have promoted lateral migration and overbank deposition 

on floodplains.  It is also possible that human-induced land-cover change in northwestern Pennsylvania also caused 

an increase in the rate of lateral channel migration due to changes in runoff and soil erosion, thus stream flow, sediment 

load and stream power, which are reflected in numerous historical-aged abandoned meanders present in wide valley 

reaches today.   

    

 

CONCLUSIONS 
 

The geomorphic evolution of floodplains in northwestern Pennsylvania is intimately linked to late 

Pleistocene glaciation that widened and deepened stream valleys and this study successfully documents the region’s 

post-glacial floodplain evolution.  The stratigraphy of stream valleys in the French Creek Watershed consists of one 

or two late Pleistocene terraces formed in glaciofluvial and ice-contact environments and a floodplain typically lying 

2.5-4 m above active stream channels.  A lack of distinct, low-lying, post-glacial terraces in most valley segments 

suggests that streams have not incised deeply into the unconsolidated valley fill during the Holocene.  The abundant 

post-glacial paleomeanders, oxbow lakes and meander scars visible on aerial photographs, satellite imagery, LiDAR 

and in subsurface exposures implies lateral migration and floodplain re-working is commonplace in the glacially pre-

conditioned landscape.  Two distinct stratigraphic units comprise floodplains within the French Creek Watershed: a 

lower prehistoric (post-glacial) unit and an upper PSA/historical unit.  The prehistoric unit appears to have been largely 

constructed over the past ~4-6 ka, with older deposits conspicuously lacking.  The lack of older deposits can be 

attributed to either early and middle Holocene erosion by lateral migration and removal under variable climate 

conditions, or non-discovery.  The upper PSA/historical unit has been deposited since the late 1700s when Euro-

American settlers began extensive land clearing activities.  This was also shortly after some of the coolest and wettest 

conditions of the Little Ice Age, and the combined impact of humans and climate likely triggered landscape instability, 

lateral stream erosion and deposition of PSA/historic alluvium throughout Northwestern Pennsylvania.  It is suggested 

that the floodplain stratigraphy of the French Creek Watershed represents fluvial responses to glacial pre-conditioning, 

climate and human activity, all of which have been documented in Eastern North American and elsewhere globally.  

Data presented herein may be useful for prehistoric archaeology site prediction and testing, and also as baseline data 

for future Quaternary geologic, geomorphic and paleoenvironmental research.    
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