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INTRODUCTION 

▪ GEOMORPHOLOGY IS STUDY OF LANDSCAPE 
HISTORY 

▪ INTEGRATES BOTH LANDSCAPE AND TIME TO 
PREDICT WHERE SOILS OCCUR, INCLUDING HYDRIC 
SOILS 

▪ SOILS CAN OCCUR AS DISTINCT ENTITIES AND AS 
TRANSITIONAL SOILS GRADING TO ANOTHER  



SOIL-LANDSCAPE MODEL

▪ EQUATION IMPLIES THAT: 
▪ SOILS ARE NATURAL BODIES 

▪ DISTRIBUTED IN A PREDICTABLE WAY 

▪ AND IN RESPONSE TO A SYSTEMATIC INTERACTION OF 
ENVIRONMENTAL FACTORS 

▪ EQUATION IMPLIES THAT: 
▪ BY LOOKING FOR CHANGES IN ONE OR MORE OF 

THESE FACTORS, ONE CAN ACCURATELY LOCATE 
BOUNDARIES BETWEEN DIFFERENT BODIES OF SOIL

SOIL = f (CL, O, R, PM, T )



SOIL-LANDSCAPE MODEL
THIS RESULTS IN A SEQUENCE OF SOILS ON THE 
LANDSCAPE – SOIL CATENA OR TOPOSEQUENCE



CATENA IN LOESS
SOIL-LANDSCAPE MODEL



Plano Elburn Drummer

Catena/Toposequene
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HILLSLOPE ELEMENTS

SOIL-LANDSCAPE MODEL



Hillslope Elements & Water Table



SUMMIT 

• RELATIVELY FLAT 

• USUALLY CONVEX UPLAND 

• “WATERSHED DIVIDE”, “TOP OF THE WORLD” VIEW 

• OFTEN REFERRED TO AS THE “INTERFLUVE” 

• IF WIDE, CAN HAVE HYDRIC SOILS!

SOIL-LANDSCAPE MODEL



SHOULDER 

• RAPID RUNOFF 

• CONVEX SLOPE  

• SHALLOW SOILS, LESS DEVELOPED 

• SHEDS WATER 

SOIL-LANDSCAPE MODEL



BACKSLOPE 

• “SIDE SLOPE” 
• RAPID RUNOFF 
• LINEAR TRENDING TO CONCAVE AREA  
• SHEDS WATER 

SOIL-LANDSCAPE MODEL



FOOTSLOPE

• CONCAVE NEAR BASE 

• RUNOFF WATER SLOWS 

• TRANSITION ZONE BETWEEN ERODING AND 
DEPOSITION 

• TRANSITION ZONE HYDRIC TO NON-HYDRIC 

SOIL-LANDSCAPE MODEL



TOESLOPE 

• BASE OF SLOPE 

• LINEAR, WITH DEPOSITIONAL SURFACE  

• GRADES FROM SLOPE TO FLAT VALLEY FLOOR  

• CAN CONTAIN HYDRIC SOILS 

SOIL-LANDSCAPE MODEL



LANDSCAPE MORPHOLOGY

• GRADIENT – THE SLOPE  
(LAND SURFACE, SUBSURFACE STRATIGRAPHY, WATER TABLE) 

• ASPECT – COMPASS DIRECTION 
(CAN AFFECT DEGREE OF SOIL DEVELOPMENT) 

• VERTICAL CURVATURE – LONGITUDINAL 
(PERPENDICULAR TO CONTOUR, HELPS TO FUNNEL OR SCATTER WATER) 

• HORIZONTAL CURVATURE – LATITUDINAL 
(PARALLEL TO CONTOUR. SHAPE IS LINEAR IF CONTOURS ARE STRAIGHT)

SOIL-LANDSCAPE MODEL



Linear Hyperbolic Concave

Concave Convex

SOIL-LANDSCAPE MODEL-SHAPES



Ruhe, 1975
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HILL SLOPE ELEMENTS AND CURVATURE
SOIL-LANDSCAPE MODEL



WATER MOVEMENT 
WATER MOVEMENT ON LANDSCAPES ARE 3-DIMENSIONAL 
▪ SURFACE COMPONENTS (HORIZONTAL & VERTICAL)  
▪ LANDSCAPE POSITION (ELEVATION)  
▪ INTERNAL SUBSURFACE LATERAL COMPONENT 

WATER MOVEMENT, BOTH 
SURFACE & SUBSURFACE, 
IMPACT 
SOIL GENESIS & 
LANDSCAPE EVOLUTION

Groundwater will move in response to BOTH gravitational 
gradients and pressure (suction) gradients



RUNOFF

▪ WATER MOVES ACROSS THE SURFACE  
▪ IN MOST AREAS, MORE WATER ENTERS THE SOIL THAN RUNS OFF 
▪ GENERALLY, LESS SOIL DEVELOPMENT OCCURS WITH MORE RUNOFF

WATER MOVEMENT 



INFILTRATION 

▪ WATER THAT ENTERS THE SOIL  
▪ MORE WATER INFILTRATING THE SOIL GENERALLY IMPLIES MORE SOIL 

DEVELOPMENT  
▪ “EFFECTIVE RAINFALL” CONCEPT 

WATER MOVEMENT 



PERCOLATION / PERMEABILITY / KSAT 

▪ SOILS ARE LAYERED IN MOST 
CASES 

▪ WATER MOVES LATERALLY 
AND DOWNWARD 

▪ DIFFERENCE IN HYDRAULIC 
CONDUCTIVITY AS LAYERS 
CHANGE IN SOIL PROFILE 

▪ LAYERING CAN CAUSE 
WATER TO MOVE 
“SIDEWAYS”

WATER MOVEMENT 
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GROUNDWATER FLOW  
  K = J /(ΔH/L)

HYDRAULIC CONDUCTIVITY 

(K) RELATED TO: 

- TEXTURE 

- STRUCTURE
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WATER MOVEMENT

• K IN A PROFILE IS DETERMINED BY THE 
OVERALL SLOWEST LAYER 

• K OCCURS IN SATURATED AND UNSATURATED 
CONDITIONS, BUT KSAT REFERS TO SATURATED 
HYDRAULIC CONDUCTIVITY
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EFFECTS OF SEDIMENT LAYERING

WATER MOVEMENT
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WATER MOVEMENT



SEEPS

WATER MOVEMENT



Parent Material



Parent Material



Parent Material



Parent Material
Lake County - Libertyville Quad



LiDAR 
Lake 

County



Libertyville Quad	
Independence Grove

Parent Material





Soil Map - Independence Grove



Zion Quad
Parent Material

Lyons Woods



Soil Map - Lyons Woods





Spring Bluff Forest Preserve - 1939



Spring Bluff Forest Preserve - 1974



Spring Bluff Forest Preserve - 1993



Ridge and swale topography



Illinois Beach State Park 
July 2004

Ridge and swale topography



creates a variety of 
habitats

Ridge and swale topography

Desert -like

Wetland



Karner Blue 
 Butterfly



Coastal wetlands

Blandings turtle



Ridge and swale topography



Soil Map  
Spring Bluff



WATER MOVEMENT

FENS



from R.V. Ruhe

SLOPE MORPHOLOGY

• WHERE IS THE MAXIMUM WATER AND MINIMUM GRADIENT? 

• THIS IS WHERE INFILTRATION IS MAXIMIZED 

• LOGICAL WETLAND LOCATIONS ARE ON FOOTSLOPES AND 
TOESLOPES 

 After Ruhe, 1975
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Modified from Peanock et al. 1987

“Endoaquic”

“Epiaquic”

Runoff
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Percolation
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Potential hydric 
soil zone

OVERLAND AND THROUGHFLOW: 
CONVERGENT LANDSCAPES



OPEN SYSTEMS
• WATER “LEAVES” 

• SOIL MAP UNITS ARE LINEAR AND “CONTINUOUS” 

• WELL-DEVELOPED DRAINAGE SYSTEM – MATURE LANDSCAPE 

• SOME OPEN SYSTEMS CAN HAVE BROAD INTERFLUVES OR 
DRAINAGE DIVIDES  

• HYDRIC SOILS ASSOCIATED WITH RIVERINE  
PROCESSES OR GROUNDWATER  
DISCHARGE POINTS (SEEPS)





CLOSED SYSTEM

• USUALLY YOUNG LANDSCAPES, I.E. PRAIRIE POTHOLES IN MIDWEST 

• DRAINAGE POORLY INTEGRATED TO NON-EXISTENT, LITTLE RUNOFF 

• GATHER WATER FROM SURROUNDING SLOPES 

• LARGE PERCENTAGE OF WETLANDS OCCUR IN CLOSED SYSTEMS 
(MORE GLEYING & IRON SEGREGATION) 

• CAN OCCUR ON BROAD FLOODPLAINS





REVIEW

• CATENA CONCEPT 
SOILS OCCUR IN PREDICTABLE PATTERNS ON THE 

LANDSCAPE 
• WATER MOVEMENT 

MOST WATER INFILTRATES AND MOVES LATERALLY 
BELOW THE EARTH’S SURFACE  

• HILLSLOPE TERMINOLOGY 
• OPEN OR CLOSED LANDSCAPE 



“ WHEN THE SOIL IS GONE, MEN MUST GO; 
AND THE PROCESS DOESN’T TAKE LONG.” 

-THEODORE ROOSEVELT

Questions?


