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Generalized Reconstruction 

Miocene North America 

Drainage   
Modified from Cantner & Jackson, 2018 

(https://www.earthmagazine.org/article/paleo-bell-

river-north-americas-vanished-amazon),

which is based on Sears, 2013, GSA Today 

Possible Maximum 

Southeast Extent of 

St. Lawrence Basin

Key Points

→St. Lawrence Drainage 

Rearrangement Caused 

Incision & Knickzones

→ Incision Led to Regional 

Slope Instability

→Both Are On-Going



St. Lawrence -
Upper Ohio 

River 
Evolution

Modified After

Salley, 2004

http://academic.emporia.edu/aberja
me/student/salley3/teays.jpg

Hansen, 1995

https://geosurvey.ohiodnr.gov/portal
s/geosurvey/PDFs/GeoFacts/geof1
0.pdf
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Time Scale = 
~106 Years

http://academic.emporia.edu/aberjame/student/salley3/teays.jpg
https://geosurvey.ohiodnr.gov/portals/geosurvey/PDFs/GeoFacts/geof10.pdf


Teays – Ohio 

River Systems

Teays



Teays Valley & Kanawha (Lower New) River Valley, West Virginia

Teays



Generalized Reconstruction 

Miocene North America 

Drainage   
Modified from Cantner & Jackson, 2018 

(https://www.earthmagazine.org/article/paleo-bell-

river-north-americas-vanished-amazon),

which is based on Sears, 2013, GSA Today 

Basin Configuration Area km2 Diff.

Existing St. Lawrence 1,344,200 -

Existing St. Lawrence + 

Pittsburgh Paleo-River 1,411,200 + 4.8 % 

Existing St. Lawrence + Teays

& Pittsburgh Paleo-Rivers 1,525,200 + 11.9 % 



Generalized Reconstruction 

Miocene North America 

Drainage   
Modified from Cantner & Jackson, 2018 

(https://www.earthmagazine.org/article/paleo-bell-

river-north-americas-vanished-amazon),

which is based on Sears, 2013, GSA Today 

If Teays River Was Not Part of St. Lawrence River Basin, 
Addition of Pittsburgh & Ancestral Allegheny Paleo-
Rivers Increased Ohio River Drainage Area by 12 %

If Teays River Was Part of St. Lawrence River Basin, 
Addition of Teays, Pittsburgh, & Ancestral Allegheny 
Paleo-Rivers Increased Ohio River Basin Area by 34 %

Drainage Area for Headwater Creeks at Breached Cols
Increased by >10,000 %



Upper Ohio 
River Valley 
Evolution & 

Lake 
Monongahela
(named by I.C. White)

Modified After

Salley, 2004

http://academic.emporia.edu/aberja
me/student/salley3/teays.jpg

Hansen, 1995

https://geosurvey.ohiodnr.gov/portal
s/geosurvey/PDFs/GeoFacts/geof10
.pdf

West Virginia Geological & 
Economic Survey, 2017

http://www.wvgs.wvnet.edu/www/faq
/faqlm.htm

“Mon”
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Typical Carmichaels Laminated 
Reddish Silt-Clay

Carmichaels “Pottery Clay”
Finely Laminated White Clay

Lake Sediment Samples



Source Age Focus

White 1896 Pre-Illinoian Lake Monongahela deposits (WV & PA)

Campbell 1902 Pre-Illinoian (Kansan or Pre-Kansan) Carmichaels Clay (PA) Mon River Basin 

Leverett 1934 Pre-Illinoian, Illinoian & Wisconsin Correlation with Ohio R. Outwash

Lessig 1963 Pre-Illinoian; 1st regional glaciation Calcutta Silt (OH) Soils & Outwash Correlation

Clendening, et al. 1967 
Gillespie & Clendening 1968

Farmdalian (Wisconsin)
22,000 ± 1000 14C-BP    [26,394 ± 1262 CalBP]
> 33,000 14C-BP            [> 37,500 CalBP]

“Warm Climate ” Plant Fossils 4.5 m below 
Surface of Carmichaels Clay at Flatts School

Jacobson 1985, 1987 
Jacobson et al. 1988

Pre-Illinoian, Illinoian, (Wisconsin Low Terraces)

> 40,000 14C-BP             [> 43,700 CalBP]
< 780,000 BP (Brunhes)
> 780,000 BP (Matuyama) 

Carmichaels Fm. (WV) Mon River Basin – Soils
Interbedded Organics 14C 
Most of Carmichaels Paleomag
Basal High-Terrace Carmichaels Paleomag

Behling & Kite 1988 
Kite unpublished data 
Morgan 1994

Pre-Illinoian, Illinoian 
> 34,000 14C-BP            [> 39,600 CalBP]
> 38,000 14C-BP            [> 42,000 CalBP]

Wisconsin Deposits Not Interpreted as Lake Mon

Spruce Log in Clay near Flatts School Site
Fluvial Terrace, 1st Pub. as 39,385 ± 2655 14C-BP]

Sand Lens in Paleo-Channel Fill

Marine 1997; Marine & 
Donahue 2000

Pre-Illinoian & Illinoian
<780,000 BP (Brunhes)

Allegheny River & Its Tributary Terraces
Paleomag, Upper & Lower Carmichaels

Lake Monongahela Age Assignments
Illinois State Geological Survey 2018

http://isgs.illinois.edu/outreach/geology-resources/classification-quaternary-time-and-deposits
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Paleomag, Upper & Lower Carmichaels

Lake Monongahela Age Assignments
Walker & Lowe, 2007, Journal of the 

Geological Society 164 (6): 1073-1092



1% Larger Ice Sheet Explains 
2 Lake Levels & Ohio River 
Double 90° Bend

Lake “Mon”
Reconstruction

(Mark Swift, 2017)

Existing Topography 
Filled to 335 m 

Elevation above 
Midland, PA

Filled to 330 m 
between Midland, 

PA & New 
Martinsville, WV

How to Reconcile 
Different Levels on 
Glacier-Dammed 

Lake at Traditional 
Pre-Wisconsin Limit

Leverett: Outwash 
Dammed Lake

vs. White’s Glacier 
Dammed Lake

Midland

Salem

New

Martinsville

Teays 
Drainage



Lake Monongahela Outlets

Lake Map from

Harper 2002

• Col = Ohio River 

Valley Today

• Paleo-Outlet Col

WVU

Midland

Salem

New Beaver

Harper, J.A., 2002, Lake Monongahela: Anatomy of an immense ice age pond: 

Pennsylvania Geology, V. 32, no. 1 

AFTER

Marine, J.T., 1997, Terrace deposits associated with ancient Lake Monongahela in 

the lower Allegheny drainage, western Pennsylvania (MS thesis), U. Pittsburgh

AFTER

Morgan, S.A., 1994, Depositional facies associated with Lake 

Monongahela (MS thesis): West Virginia University

AFTER

Gillespie, W.H., and Clendening, J.A., 1968, A flora from 

proglacial Lake Monongahela: Castanea (303) 267-300  

New 

Martinsville



A

> 150 m

New Martinsville-Sardis-Paden City Canyon  

Former Steubenville-Teays Divide



New Martinsville-Sardis-Paden City Canyon  
Former Steubenville-Teays Divide

USGS Mapped Landslides 
from WV Landslide Tool

Ohio Landslides Not Shown



> 135 m

Midland Canyon  

Former Steubenville-Pittsburgh Divide



Midland SalemNew Martinsville

◄▬ Monongahela R.◄▬ Ohio R.

◄▬ Ancestral Monongahela (Pittsburgh) R.◄▬Teays R.

◄▬ ◄▬ ◄▬ ◄▬ ◄▬ ◄▬ Ohio R.

Steubenville R. ▬►

Lake Monongahela

Carmichaels Clay

Lake Monongahela ? 

Calcutta Silt

Jacobson (1985)

Correlations of
Upper Ohio River 
Valley Lacustrine 
& Alluvial Terrace 

Deposits

Ohio River Profiles at 
Mouths of Outwash 
Sources (Allegheny, 

Beaver and Little 

Beaver Rivers) Suggest 
>30 m (~100 ft) of 

Aggradation in Last 3 
Glaciations

Quaternary History = 
Too Complicated to 

Reconstruct on 
Morphology Alone 



(Fayette County), showing an
undercut bank along one of the river meanders. The fields on the right are part of a gravel-
covered
terrace between the river alluvium and the Carmichaels deposit. [Photograph taken in July 1934 
by former Photo by William Orville Hickok, reproduced in A Look Back in Time: Pennsylvania 
Geology: Fall 2018, p 21]

Water Level = 260 m 

Terrace = 300 m

40 m

Youghiogheny 
River Terraces

~3 km NW  of 
Connellsville, PA

W.O. Hikock
Photo, July 1934

Published in 
Pennsylvania 

Geology
Fall 2018, p. 21



WVU Woodburn Circle Excavation June 2017



https://wvhistoryonview.org/image/020135.jpg

WVU Campus & Old Mountaineer Field ~1924

Mon River Pool 
242 m (793 ft)

Woodburn 
Hall Grounds
287 m (943 ft)

48 m 
(159 ft)

239 m (784 ft) 
Pool Depth 3 m 

305 m (1000 ft)

Monongahela: Unami (Algonquian) Word Meaning "Falling Banks"



Effects of River 
Incision on Tributaries

Mark Swift, 
WVU Geography 
M.A. Research 

Ancestral Monongahela River
(Pittsburgh River) Terrace ~ 900 ft

Incision in Lower 
Mingo Creek

Longitudinal Profiles in 
Uplands May Be Intact 
from Pre-Pleistocene

Mingo Creek – 57 km2
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Mingo Creek- Zones With Downstream Gradient Steeper than Upstream Gradient
Measurement Distance (d)= 16 km, 14 km, 12 km, 10 km, 8 km, 6 km

Lower Reach Gradient > 0.001 and Ratio of Lower Reach to Upper Reach > 1.2

Mingo Creek Profile

Measurement Distance 16 km

Measurement Distance 14 km

Measurement Distance 12 km

Measurement Distance 10 km

Measurement Distance 8 km

Measurement Distance 6 km

Mingo Creek – 57 km2
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Muddy Creek - Zones With Downstream Gradient Steeper than Upstream Gradient
Measurement Distance (d)= 32 km, 28 km, 24 km, 20 km

Lower Reach Gradient > .001 and Ratio of Lower Reach to Upper Reach > 1.2

Muddy Creek Profile

Measurement Distance 32 km

Measurement Distance 28 km

Measurement Distance 24 km

Measurement Distance 20 km

Muddy Creek – 82 km2



230

240

250

260

270

280

290

300

310

320

330

340

350

360

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000

El
ev

at
io

n
 (

m
) 

Horizontal Distance (m)

Little Whiteley Creek - Zones With Downstream Gradient Steeper than Upstream Gradient
Measurement Distance (d)= 12 km, 10 km, 8 km, 6 km

Lower Reach Gradient > .001 and Ratio of Lower Limb to Upper Limb > 1.2

Little Whiteley Creek Profile

Measurement Distance 12 km

Measurement Distance 10 km

Measurement Distance 8 km

Measurement Distance 6 km

Little Whiteley Creek – 23 km2



Ohio River Valley & Fish Creek  
Former Steubenville Drainage

USGS Mapped Landslides 
from WV Landslide Tool



Ohio River Valley Near Axial, WV 
Former Steubenville Drainage

USGS Mapped Landslides 
from WV Landslide Tool



Fish Creek 

Lower Fish Creek  
Incised Former Steubenville Drainage

USGS Mapped Landslides 
from WV Landslide Tool



Segue into “Building a Landslide Inventory for West Virginia…”

• Much of Upper Ohio River Basin Has “High Landslide Incidence” 

• West Virginia = 1/9th of 1973-1983 Landslide Damage in 48 States 

o #1 in Per Capita Landslide Damage (Brabb, 1984, USGS OF 84-486).

Coterminous U.S. Landslide Overview Map USGS PP 1183

Lost St. Lawrence Basin


