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Louis Louis SacharSachar, , HolesHoles

“…“…if you take a bad boy if you take a bad boy 
and make him dig a hole and make him dig a hole 
every day in the hot sun, every day in the hot sun, 
hehe’’ll become a good boyll become a good boy””





……or maybe heor maybe he’’ll help ll help 
elucidate the elucidate the 

connection between connection between 
soils, vegetation, and soils, vegetation, and 
parent material in the parent material in the 
Wind River MountainsWind River Mountains



IntroductionIntroduction
•• Terrestrial Ecosystems Unit Inventory Terrestrial Ecosystems Unit Inventory 

(TEUI)(TEUI)
–– United States Forest Service (USFS)United States Forest Service (USFS)
–– “…“…management decisions based on management decisions based on 

scientific understanding of ecosystemsscientific understanding of ecosystems on on 
and surrounding National Forest landsand surrounding National Forest lands””

•• Comprehensive ecological surveyComprehensive ecological survey
–– SoilSoil
–– VegetationVegetation
–– Parent Material / landformsParent Material / landforms



Project LocationProject Location







Hans Jenny (1941)Hans Jenny (1941)-- Factors of Soil Factors of Soil 
FormationFormation
S = S = ff ((clorptclorpt))
–– ClClimateimate
–– OOrganismsrganisms
–– RReliefelief
–– PParent Materialarent Material
–– TTimeime
The sedimentary flanking rocks of the The sedimentary flanking rocks of the 

southern Shoshone N.F. are an ideal southern Shoshone N.F. are an ideal 
place to study the soil forming factors place to study the soil forming factors 
due to the wide range and interplay of due to the wide range and interplay of 
these factorsthese factors



PhysiographyPhysiography
Wind River Range, Eastern SlopeWind River Range, Eastern Slope

–– Elevation range (low to high)Elevation range (low to high)
•• 4,600 feet (1402 m)4,600 feet (1402 m)-- mouth of Clarks Forkmouth of Clarks Fork

CanyonCanyon
•• 13,804 feet  (4207 m)13,804 feet  (4207 m)-- Gannett Peak, WYGannett Peak, WY’’ss

highest point. highest point. 
– Range straddles the Continental Divide

• Green River Basin to the east, Wind 
River Basin to the West



~ 8000 ft. (2400 m) of ~ 8000 ft. (2400 m) of 
relief in study arearelief in study area



Summer Field SeasonsSummer Field Seasons-- 2004/20052004/2005
–– 2 field crews, each with:2 field crews, each with:

•• 1 Botanist1 Botanist
•• 1 Soil scientist1 Soil scientist

–– Late May to early SeptemberLate May to early September
•• Sampling followed floristicsSampling followed floristics
•• Low to high elevationLow to high elevation

–– LogisticsLogistics
•• Day trips (low elevation)Day trips (low elevation)
•• Backcountry camping (high elevation)Backcountry camping (high elevation)

––1 to 2 weeks1 to 2 weeks



Sedimentary PlotsSedimentary Plots

67006700--8000 ft. 8000 ft. 
(2300 m)(2300 m)

Calcareous Calcareous 
sedimentary rocks sedimentary rocks 

(mainly)(mainly)
Frigid/Frigid/UsticUstic SoilsSoils
MollisolsMollisols, Alfisols, , Alfisols, 

InceptisolsInceptisols
Sagebrush steppe, Sagebrush steppe, 
coniferous forestsconiferous forests







Background GeologyBackground Geology
–– All 3 major rock types are represented in All 3 major rock types are represented in 

the Windsthe Winds
•• Igneous Igneous 

–– granite, granodioritegranite, granodiorite
•• Metamorphic Metamorphic 

–– gneiss and schistgneiss and schist
•• Sedimentary Sedimentary 

-- limestone/dolomite, sandstone, limestone/dolomite, sandstone, 
shale, siltstoneshale, siltstone



Older rocks ( west ) Older rocks ( west ) Younger rocks ( east )Younger rocks ( east )





Sedimentary Formations of Eastern SlopeSedimentary Formations of Eastern Slope















Bighorn Dolomite Soil Profile Under Mixed Calcareous ColluviuBighorn Dolomite Soil Profile Under Mixed Calcareous Colluviu





Gallatin Limestone near contact Gallatin Limestone near contact 
with Gros Ventre Shalewith Gros Ventre Shale





Gros Ventre Shale Slope with Gallatin and Bighorn Gros Ventre Shale Slope with Gallatin and Bighorn 
Outcrops AboveOutcrops Above





Cambrian Flathead SandstoneCambrian Flathead Sandstone

Clay and sandClay and sand--rich rich 
weathering profile of weathering profile of 
Flathead SandstoneFlathead Sandstone





Habitat Types of the Sedimentary FormationsHabitat Types of the Sedimentary Formations
ForestedForested

–– Douglas FirDouglas Fir ( Pseudotsuga menziesii ) ( Pseudotsuga menziesii ) 
–– Limber Pine Limber Pine ( ( Pinus Pinus flexilusflexilus ))
–– LodgepoleLodgepole Pine Pine ( ( Pinus contorta Pinus contorta ))
–– SubalpineSubalpine Fir Fir ( ( Abies lasiocarpa Abies lasiocarpa ))
–– Aspen Aspen ( ( PopulusPopulus tremuloidestremuloides ))



Habitat Types of the Sedimentary FormationsHabitat Types of the Sedimentary Formations
NonNon--ForestedForested

–– SagebrushSagebrush
•• Mountain Big SageMountain Big Sage ( ( Artemisia Artemisia tridentatatridentata ))
•• ThreeThree--tipped Sagetipped Sage ( ( Artemisia Artemisia tripartitatripartita ))

–– GrassesGrasses
•• BluebunchBluebunch wheatgrass ( wheatgrass ( ElymusElymus spicataspicata))
•• Idaho FescueIdaho Fescue ( ( FestucaFestuca idahoensisidahoensis ))
•• Prairie Prairie JunegrassJunegrass ( ( Koeleria Koeleria macranthamacrantha ))



Examining Variability Within and Examining Variability Within and 
Between Habitat TypesBetween Habitat Types

I.I. Range of Site CharacteristicsRange of Site Characteristics

II.II. Variability Within Douglas Fir Habitat Variability Within Douglas Fir Habitat 
TypeType

III.III. Variability Between Douglas Fir and Variability Between Douglas Fir and 
Sagebrush Habitat TypesSagebrush Habitat Types
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Elevation and Temperature Relationships by Habitat Type

7.7

8.6

7.7

9.4

10.6

8.6 8.7

7200

7400

7600

7800

8000

8200

8400

8600

8800

9000

Asp
en

Sag
eb

rush
Douglas

 Fir

Gras
se

s
Lodgep

ole 
pine

Lim
ber 

pine
Subalpine Fir

El
ev

at
io

n 
(ft

)

6.0

7.0

8.0

9.0

10.0

11.0

So
il 

Te
m

pe
ra

tu
re

 (d
eg

re
es

 C
el

ci
us

)

Elevation
Soil Temperature



Slope Relationships in Douglas Fir Understory
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Elevational and Slope Relationships in Douglas Fir Understory
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Clay and Slope Relationships by Douglas Fir Understory
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Douglas FirDouglas Fir-- Oregon Grape Clay FilmsOregon Grape Clay Films



Douglas Fir Douglas Fir –– Mountain Mountain 
SnowberrySnowberry

•• Steep slopes (>55%)Steep slopes (>55%)

•• Sparse Sparse understoryunderstory

•• Inceptisols and weak Inceptisols and weak 
alfisolsalfisols ((IncepticInceptic
HaplocryalfsHaplocryalfs))



Douglas FirDouglas Fir-- Mountain Mountain 
MapleMaple

•• Rich understory Rich understory 
•• Slopes 25 to 55%Slopes 25 to 55%
•• More clayMore clay--rich soilrich soil



Examining Variability Between Examining Variability Between 
Habitat TypesHabitat Types

I.I. Similarities and differences Similarities and differences 
between Douglas Fir and Sage between Douglas Fir and Sage 
communitiescommunities

II.II. Relative importance of the soil Relative importance of the soil 
forming factorsforming factors



Gros Ventre Shale Slope with Gallatin and Bighorn Gros Ventre Shale Slope with Gallatin and Bighorn 
Outcrops AboveOutcrops Above





Douglas FirDouglas Fir11 and Sagebrushand Sagebrush22 SimilaritiesSimilarities
I.I. Mean elevation = 8346 / 8251 ft. = 95 ft of Mean elevation = 8346 / 8251 ft. = 95 ft of 

elevation difference in a range with 8000 elevation difference in a range with 8000 
ft. of reliefft. of relief

II.II. Mean pedon depth = 110 / 107 cm = 3 cm Mean pedon depth = 110 / 107 cm = 3 cm 
of difference in the soil depth sampledof difference in the soil depth sampled

III.III. Rock fragment percentage in particle Rock fragment percentage in particle 
control section = 54 / 50 % = 4 % control section = 54 / 50 % = 4 % 

IV.IV. Weighted average pH = 7.6 / 7.9 = 0.3Weighted average pH = 7.6 / 7.9 = 0.3
V.V. SolumSolum parent material = calcareous parent material = calcareous 

colluviumcolluvium (19 of 19) / (21 of 28 )(19 of 19) / (21 of 28 )



Douglas FirDouglas Fir11 and Sagebrushand Sagebrush22 DifferencesDifferences
I.I. Mean slope = 38 % / 23 %Mean slope = 38 % / 23 %
II.II. Mean soil temperature = 7.7 C / 8.6 CMean soil temperature = 7.7 C / 8.6 C
III.III. Clay percentage (family particle) = 23.0 % Clay percentage (family particle) = 23.0 % 

/ 19.6 %/ 19.6 %
IV.IV. EpipedonEpipedon = = OchricOchric ( 14 of 19 ) / ( 14 of 19 ) / MollicMollic ( 24 ( 24 

of 28 )of 28 )
V.V. Subsurface diagnostic properties= Subsurface diagnostic properties= 

ArgillicArgillic ( 14 of 19 ) / ( 14 of 19 ) / CalcicCalcic (19 of 28 )(19 of 28 )
VI.VI. Bedrock = Gallatin Limestone (11 of 19) / Bedrock = Gallatin Limestone (11 of 19) / 

Gros Ventre Shale ( 18 of 28 )Gros Ventre Shale ( 18 of 28 )



Explanations for VariabilityExplanations for Variability

I.I. ClClimate imate -- cooler soil cooler soil 
temperatures and higher moisture temperatures and higher moisture 
retention in Douglas Fir standsretention in Douglas Fir stands

II.II. OOrganisms rganisms -- Douglas fir has Douglas fir has 
closed canopy, leading to cooler, closed canopy, leading to cooler, 
moister soilsmoister soils

III.III. RReliefelief-- much steeper slope much steeper slope 
on average for Douglas Fir stands on average for Douglas Fir stands 
causes variability of soil properties causes variability of soil properties 
within this habitat typewithin this habitat type



Explanations for VariabilityExplanations for Variability

IV.IV. PParent Material arent Material -- bedrock control bedrock control 
of Gallatin Limestone (Douglas Fir) of Gallatin Limestone (Douglas Fir) 
versus Gros Ventre Shale versus Gros Ventre Shale 
(Sagebrush)(Sagebrush)

V.V. TTime ime -- Older growth Older growth 
Douglas fir has longer time than to Douglas fir has longer time than to 
leave imprint on the soil than leave imprint on the soil than 
sagebrushsagebrush
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