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The Men That Don't F it I n . 

Robert S ervice 

There ' s  a race of men that don ' t  fit in , 
A race that can ' t  stay stil l; 

So they break the hearts o f  kith and kin , 
And they roam the world at wil l . 

They range the field and they rove the flood , 
And they cl imb the mountain ' s  crest; 

The irs is the curse of the gypsy blood , 
And they don ' t  know how to rest . 

I f  they j ust went straight they might ·go far; 
They are strong and brave and true; 

But they ' re always tired o f  the things that are , 
And they want the strange and new . 

They say : " Could I find my proper grove , 
What a deep mark I would make! " 

So they chop and change , and each fresh move 
Is only a fresh mistake . 

And each forgets , as he strips and runs 
With a brill iant , fitful pace , 

It ' s  the steady , quiet , plodding ones 
Who win in the l i fel ong race. 

And each forgets that his  youth has fled , 
Forgets that his prime is past , 

T i l l  he stands one day , with a hope that ' s  dead , 
In the glare o f  the truth at last. 

He has fai led , he has fa i l ed; he has missed his chance� 
He has j ust done th ings by ha l f. 

Li fe ' s  been a j ol ly ·good j oke on him , 
And now is  the t ime to laugh. 

Ha , ha! He is one o f  the l egion lost; 
He was never ment to win; 

He ' s  a roll ing stone , and it ' s  bred in the bone; 
He ' s  a man who won ' t  fit in. 
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INTRODUCTION 

custer State Park's mult ip l e-use management plan 

stresses compromise among resource users . The obj ect ive o f  

integration of forest , wi ldl ife and recreationa l resource 

management is to provide maximum benefits to a l l  sectors o f  

the management plan . Forest management techniques have a 

marked influence on the unique wi ldl ife populat ions o f  

Custer State Park . 

To provide input for individuals making integrated 

management dec is ions , an approach was taken to combine 

forest stand and soil survey information , to assess 

understory herbage production for deer and elk gra z ing . 

Thinning pine stands wil l  increase forage and browse 

product ion . Slash l eft from thinning and timber harvest ing 

operations is suspected o f  l imit ing the response o f  

understory vegetation . Overstory and understory product i on 

is dependent on soils which contain mo isture and nutrient 

reserves . 

This  study was des igned to accomplish the fol l owing 

three obj ectives : 

(1 ) Characteri z e  predominant soi ls of the 

Precambrian Crystal l ine core area of Custer 

State Park . 

( 2 )  Evaluate the understory production o f  these 

soils under varying forest conditions . 
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( 3 )  Develop predict ion model s  that resource 

managers can use to assess understory 

production in di f ferent forest environments .  

Results from thi s  study should enabl e  resource 

managers to evaluate the e ffects of current and proposed 

forest management schemes on wildl i fe populations . Coupled 

with the recently completed s o i l  survey of the Black Hi l l s . 

parts of Custer and Pennington count ies , these results 

should be useful managerial tool s  for Custer State Park 

personnel . 
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LITERATURE REVIEW 

Geology 

The Black Hi l l s  o f  S outh Dakota and Wyoming were 

upl i fted from an inland sea during the end of the 

Cretaceous period about 7 0  m i l l ion years before the present 

( U . S .  Dept . o f . Interior 1 9 6 7 ) ( Fig .  1 ) . This  upl i ft was 

part of the Laramide Orogeny that formed the Rocky Mountain 

cha in . During this  orogeny , a mas s ive core of Precambrian 

granite and schist was forced upward , deforming the younger 

Pal eoz oic and Mesozoic sedimentary rocks into an e l l iptical 

dome . Subsequent erosion has exposed the Precambrian core 

of thi s  anticl ine and created a ridge and val l ey system o f  

successively younger sedimentary rocks dipping away from 

the central core ( Gries 1 9 6 4 ) . Th is  ridge and val l ey system 

compl .etely encircles the central core forming a radial 

dra inage pattern . The creeks dra ining the southern part o f  

the H i l l s  empty into the Cheyenne river . In the northern 

Bl ack H i l l s  the creeks dra in to the Bel l e  Fourche River 

which empties into the Cheyenne in eastern Meade county 

( Feldman and He iml ich 19 8 0 ) . 

C�ster State Park is located in the southeastern 

quarter o f  the Bl ack Hi l l s  o f  South Dakota ( Fig . 2 ) . The 

Park's approximate 2 9 , 0 0 0  ha stretch from the level open 

prairies in the southeast , to the rugged spires o f . granite , 

cal l ed the Needl es , in the northwestern corner o f  the park . 
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Fig . 1 .  Geographic sett ing of.the Bl ack Hi lls of S outh 
Dakota and Wyoming ( Bennett 1 9 8 4 ) . 
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Tertiary sediments o f  the White River group occur 

interspersed within the Pale o z oic and Mesoz oic format ions 

that run al ong the eastern boarder o f  the Park . Thes e  

depos its were formed from eros ion of approximately 6 , 0 0 0  

feet o f  sedimentary strata a fter the upl i ft o f  the Bl ack 

Hil ls . The boundary between the pra i rie and the �i l l s  i s  

marked by the sharp rise o f  the Dakota sandstone formation 

cal led the Dakota Hogback .  S andstones and shales o f  the 

sundance , Lakota , and Fal l  River format ions form thi s  

res istant outer rim o f  the Bl ack Hil l s  ( Darton and Pa ige 

1925, Feldman and He iml ich 1 9 8 0 )  ( F ig . 2 and 3 ) . The 

Spearfish format ion is the next oldest format ion . Thi� 

6 

highly weatherable red sandy shal e  has formed a flat val l ey 

cal led the Red Valley or the Racetrack between the Hogback 

and the Paleoz oic format ions ( Darton and Pa ige 19 2 5 , 

Feldman and Heiml ich 19 8 0 )  . The Paleoz oic format ions make 

up the area cal led the Limestone Pl ateau . On the western 

s ide of the Bl ack Hills , this  covers an extensive area but 

narrows drast ical ly on the ea stern s ide . Of the Pa l e o z o i c  

formations compris ing the Limestone Pl ateau , the Minnekahta 

l imestone format ion is the youngest , the Minnelusa 

sandstone ( carbonaceous sandstone ) is intermediate and the 

Pahasapa and Englewood l imestone format ions are the oldest 

( Feldman and He iml ich 19 8 0 ) . A th in band of the Deadwood 

formation ( sandstone , sha le , and congl omerate ) is the final. 

_ ...... 
� 

·--
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1 Preca!r.brian igneou� roci\.; 
mainly granite and ?eg�a­
ti te. 
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c-onglomerates. 
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limestone formations 
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5Minnekahta limestone 
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Sundance and Morrison 
formations. 

8Tertiary igneous rock; 
mainly porphyries, 
quartz monzonite, a:1d -. 

rhyolite. 
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Fig. 3 .  Major geologic formations of the Black Hills and 
Custer State Park (After u.s. Geological Survey, 
Geological Map of the Black Hi�ls). 
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Paleo zoic format ion that separates the Limestone Plateau 

from the central core of precambrian crystall ine rocks 

( USGS 19 5 1 ) . 

The granites and pegmat ites in the crystalline core 

area were formed in several stages and were forced up into 

the al ready exi sting precambrian metamorphic sediments 

( Fi sher 1 9 4 2 ) . The stratigraphy and. correlation of these 

formations is complicated by the varying degrees of 

metamorphism ,  original parent rock , and the innumerable 

dikes , s i l l s , and inclus ions formed by many di fferent 

events . The metamorphic core is thought to be part o f  the 

E stes system of congl omerate , quart z ite , quartz schist , 

i ron formation , l imestone , and s l ate . The Game Lodge 

granite intrudes the Estes system east of Custer . The 

youngest of these precambrian sediments is the Harney Peak 

" fine gra ined" granite and pegmatite ( Agnew and Tychsen 

1 9 6 5 , and Redden et al . 1 9 8 1 ) . Geologists have 

radiometrically dateq the Harney Peak granite and the 

pegmatites at 1 . 6  b i l l ion years be fore the present (U . S .  

Dept . Interior 1 9 6 7 , and Redden et al . 19 8 1 ) . The largest 

exposure o f  igneous granite and pegmatite is located in the 

s outheastern part of the Black H i l l s , including much of 

Custer State Park . The highest el evation of the Black 

Hills (Harney Peak elevation 2 , 17 3  m)  is found in the 

Granite core , just north o f  Custer State Park . 

-· 
··.....-: 
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Climate 

Because the elevation o f  the Black Hil l s  is much 

higher than the surrounding pra irie , the cl imate is  subject 

to an orographic effect . Precipitation is  formed·as moist 

air masses rise over the Black Hil l s . The orographic 

effect caused by the rugged topography , _i s respons ible for 

creating isolated short duration cloudbursts , resulting in 

a l arge variab i l ity in precip itation within an area . Mt . 

Rushmore and Custer , the . c losest weather stations to Custer 

State Park , annua l ly receive 5 3 0 mm and 4 6 1  mm o f  

precipitation respectively . Typ ical ly , the majority o f  

this  precipitation fal l s  during the late spring and early 

summer months . Hermosa , Buffalo Gap and Hot Springs 

receive 4 12 mm , 4 3 8  mm , and 3 8 3  mm of annual precipitat ion 

respectively (U . S .  Dept . o f  Commerce 1 9 6 3 -present ) . This 

is as much as 147 mm less than weather stations near the 

study area_receive . 

Summer temperatures in the Bl ack Hi l l s  rema in cool 

as a result of their elevat ion . Brief freez ing may occur 

at any t ime during the summer at the higher elevations . 

Whereas during the winter , temperatures may be higher than 

on the surrounding pl a ins because the dense cold arct ic a ir 

masses may not extend to the higher elevations . · Chinook 

winds commonly make the Black Hi l l s  the warmest part o f  the 
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state during the winter ( Van Bruggen 1985). 

Native Vegetation 

Along with the change in elevation and cl imate , the 

botanical compos ition of the Black Hi l l s  stands out from 

the surrounding plains . Ponderos a  pine ( Pinus ponderosa ) 

dominate the overstory vegetation of.the Black Hills . 

Exploitative cutting, mining , insect ep idemics , fire , 

protection from fire , or a comb ination of these factors 

have disturbed the original vegetation to some extent ( Orr 

1968, and Thilenius 1971). Thus , today's forest stands o f  

the Hills are cons idered secondary growth ponderosa pine . 

T imber stands are thick and vigorous in the Central Core 

area . The southern segments o f  the Limestone Plateau and 

the Hogback have less vigorous t imber stands and have more 

open grass areas ( Radeke and Westin 1963). 

Although the overstory i s  essentially a mono-

culture , tqere is a great dea l  o f  variation in understory 

vegetation . Thilenius (1971) and Al exander (1986) bo�h 

ident i fied as many as s ix dist inct subtypes or habitat 

types . Further variation is  observed where hab itat types 

intergrade . Elk and deer populations depend on this 

variation in habitat for food and cover . 

The relationships between ponderosa pine forest 

parameters and understory production have been studied by 



numerous researchers . · Canopy dens ity and/or basal area 

have been shown to have a negative e ffect on herbage 

production in Washington (McConnel l and Smith 1 9 7 0 ) , the 

Bl ack Hi l l s  of S outh Dakota ( Pase 1 9 5 8 , Bennett 1 9 8 4 ) , 

Texas ( Hal l s  and Schuster 19 6 5 ) , Ari z ona ( Clary and Larson 

19 7 1 ) , and in Oregon ( Harris 1 9 5 4 ) . Hal l  and Schuster 

( 19 6 5 )  found that canopy density was a better predictor o f  

1 1  

understory yields than basal area , but suggested that basal 

area could be used because o f  the relative ease of 

obtaining accurate values . Jameson ( 19 6 7 )  suggested that 

the loss of production was due to competition for l ight , 

water , and nutrients , and pos s ib l e  antagonistic chemical 

ef fects . Work in the Black Hil l s  by Orr ( 19 8 6 )  and 

Thompson et al . ( 19 7 1 )  showed that thinning reduced the 

evapotransp iration demand . S o i l  moisture reserves become 

recharged , resulting in more avail able water for the· 

remaining vegetation . The relat ionship between forest 

parameters �nd herbage product ion has been most 

success ful ly predicted us ing curvil inear equat ions ( Ha l l s  

and Schuster 1 9 6 5 , Pase and Hurd 1 9 5 7 , and Jameson 1 9 6 7 ) . 

Research in this  area has been concentrated ma inly 

on canopy density and basal area parameters . Slash loading 

from harvesting or thinning operations is often prevented 

or ignored in research work . An example o f  this is the 

study done by McConnel l  and Smith ( 1 9 6 5  and 197 0 ) , where 
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the s lash was removed from the study plots and burned . 

They further demonstrate that herbage y ields have been 

studied outs ide the normal environmental condition when the 

authors conclude " Before thinning can make a pract ical 

contribution to the resource , however , more economical 

s l ash disposal methods must be devel oped " .  Pase ( 1 9 5 8 ) 

showed that natural l itter ( 0  to 4 8  t/ha ) _ adversely a f fects 

herbage yields . Slash leve l s  in Custer State Park however ,  

have been measured as high as 17 0 tjha ( D .  Sparks 19 8 6 , 

personal communication) . 

The conventional practice o f  slash management in 

Custer State Park is  for f ire protection . The pract ice o f  

l op and scatter t o  18 inches i s  employed except i n  fire 

break areas or where fuel loads would be dangerously high 

( R .  Walker 19 8 7 , personal communication ) .  The lop and. 

scatter system cuts and scatters s lash so that no fuel 

stands more than 18  inches above the ground surface . This  

reduced th� chance o f  wildfire spreading to the forest 

canopy . In areas where s lash must to be removed , the slash 

i s  piled to be burned during the fol l owing winter . The l op 

and scatter technique affects the vast majority o f  the 

hectares important for deer and elk graz ing in the Park . 

Understory herbage product ion has traditional ly 

been reported as total production or broken into classes o f  

graminoids , forbs and shrubs i f  .not by species . Gramino ids 
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show the greatest response t o  overstory thinning ' whi l.e 

shrubs show the least respo·nse ( McConnell  and Smith 19 7 0 , 

Pase and Hurd 1 9 5 7 , and Pase 19 5 8 ) . O ften there i s  a lag 

period between harvest ing or th inning and the ful l  response 

of herbage production . McConnell and Smith ( 19 6 5 )  reported 

this  and continued their study for f ive additional years . 

It took up to four years to natural ly reestabl ish the 

ground cover in Washington and Oregon a fter disturbance 

from logging (Reid 19 64 ) . To minimi z e  this response l ag 

t ime , some researchers suggest seeding the area with the 

des i red seed stock ( Bever 1 9 5 2 , Pase and Hurd 1 9 5 7 , and 

Reid 19 6 4 ) . 

Wi1d1ife Habitat 

It has been shown that forest management pract ices 

can increase understory herbage y ields . Whether thi s  

improves the deer and e l k  hab itat depends not only o n  the 

quantity , but the type o f  forage ava ilable .  currie et al . 

( 1 9 7 7 ) reported that the diet o f  mul e deer grazing in 

ponderosa pine forest in central Colorado was composed o f  

3 2 %  trees and shrubs , 4 8 %  forbs , 1 8 %  grasses , and 2 %  fungus 

( mushrooms ) .  In the Black H i l l s , Schenck ( 19 71 )  found 

Kinnikinnick ( Arctostaphles Una-urs i )  and Oregon grape 

( Berberis repens ) to be the major food supply of mule and 

whiteta il . deer . During winter months , deer in the Black 

442161 



Hi l l s  concentrate in the l ower elevations in areas with 

.less snow cover , good browse conditions , and high 

vegetation divers ity. These are characteristics of the 

Vanocker-Sawdust-Paunsaugunt s o i l  associat ion {Vicuna 

1 9 8 7 ) . The elk population is  concentrated in and around 

Custer State Park . A good interspers ion o f  rangeland and 

1 4  

woody habitat areas is  important to elk ( yicuna 1 9 8 7 ) . E l k  

in ponderosa pine forests o f  Ari z ona a l s o  prefer areas with 

l ow basal area and high shrub produqtion ( Clary and Larson 

19 7 1  and u . s .  Forest Servi ce 1 9 67 ) . Elk were found to use 

the open areas in a ponderosa pine fares� in the 

southwestern United States more than deer ( Reid 1 9 6 4 ) . 

Patton ( 1 9 7 4  and 197 6 )  agreed with thi s  and reported that 

elk usage of a thinned area increased more than deer usage . 

Wildl i fe hab itat improvement can be accomplished us ing 

thinning or some timber harvesting pract ices . To be 

success ful , habitat improvement pl ans must not only 

cons ider the quantity of t imbe r  to remove in order to 

stimulate herbage production , but also must be concerned 

with how much vegetation to l eave for cover ( Patton 1 9 7 4 , 

Patton 1 9 7 6 , and McConnel l  and Smith 19 7 0 ) . 

Soils 

The first major study o f  the soils in the Black 

H i l l s  was reported by Radeke and. Westin ( 1 9 6 3 ) . This was a 

. ':..,...r. 
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reconnaissance study to invest igate the types o f  soils  

found in the region . Gray Wooded soils were commonly found 

in the Central Core area . Hori z on thicknes s and the 

occa s ional presence of an A hor i z on were the main 

di f ferences among the so i l s  reported by Radeke and Westin . 

Thin profiles were also found to occur in thin�antles o f  

unconsol idated material over hard bedrock . Later , soil  

mapping in the Black Hil ls supported Radeke and West in ' s  

general conclus ions . Soil taxonomy allowed for further 

di fferentiat ion of these soil s . A general soil s map of the 

park has been divided into s ix s o i l  groups for the purpose 

o f  thi s  study ( Ens z 1 9 8 7 ) ( Fig . 4 ) . 

The southeastern edge o f  the park is dominated by 

Nevee , Gypnevee ,  and Rekop soil  series (Ustic 

Torriorthents ) .  These soi l s  occupy the Red Val ley and have 

developed in the Spearfish and ·related formations . The 

next soil group to the west is made of Vanacker ( Typic 

Eutroboral f�) , Sawdust ( Typic Ustorthents ) ,  and Paunsaugunt 

( Lithic Haploborol l s )  soil series . These soils have 

developed from the Pahasapa l imestone , the Minnelusa 

sandstone , and the Minnekahta l imestone . The pra irie­

forest trans ition occurs on thi s  l imestone plateau in this 

part o f  the Black Hills . The bottoml and soils in the 

granitic core are class i f ied as Mol l isols . Marshbrook 

soils ( Hapl aquol l s )  occur in the_ lowest positions , and 

·--
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grades to·the Cordeston soil · ( Haploboro l l s )  and fina l ly to 

the Hilger and Bul l flat so ils ( Argiborol l s )  as the 

phys iographic position becomes more stable . 
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The maj ority of the s o i l s in the Granitic Core area 

of the Park are class i fied as Typic Eutroboralfs . The west 

central part of Custer State Park is mapped predominantly 

as Pactola ,  Virkula , and rock outcrop complexes . Mocmont-

rock outcrop complex�s make up the largest acreage in the 

Park . Thi s  complex has devel oped from granite , and 

includes the granitic Inceptisols mentioned as inclus ions 

in the area soil survey report ( Ens z 19 8 7 ) . The Buska-

Mocmont-rock outcrop complex accounts for the rema ining 

area of the Park . The Buska series is  a Eutroboral f  

developed from micaceous schist . This  complex also has 

schist derived Inceptisol inclus ions . The typical pro fi l e  

development of the Buska and Mocmont series , along with 

the ir assoc iated Inceptisol s is  i l lustrated in Fig . 5.· 

Pedology 

Soils have a great influence on the type and 

quant ity o f  vegetation which grows in and on them . In turn 

s o i l s  are a function o f  five soil fo.rming factors; parent 

material , cl imate , topography , b i otic factors , and time . 

How these factors affect the soil processes involved in 

�oil  genesis is the subj ect of pedol ogy . 
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Mecha�ical dis integrati on o f  soil minerals is  

max im i z ed �n the Ae {E ) hor i z ons o f  Gray Wooded soi l s  ( St .  

Arnaud and Whites ide 1 9 6 3 ) . Thi s  was attributed to the 

e ffects of frost action . · The dominate processes ac�ing on 

the development of Boral fs in east central Saskatchewan 

were phys ical breakdown o f  sands to s i lts , and less ivage 

19 

( S antos et al . 1 9 8 6 ) . Les s ivage is  de f ined as the 

mechanical movement o f  soil part icles , usually clay 

part icles , from a zone o f  eluv iation to a z one of 

i l luviation . Santos et . al . ( 19 8 6 )  concluded that chemical 

weathering and leaching were a l so important in the 

formati on o f  Boral fs . In a chronosequence o f  Al fisols in 

Austral ia , Walker and Chittleborough ( 19 8 6 )  showed that 

lessivage was most important in the early stages o f  pro file 

devel opment . In situ chemical weathering became the 

dominate process in the late stages of Al fisol genes is . 

Further variabi l ity in soil genesis over t ime i s  

introduced by the d i f ferential weathering rates o f  the 

minerals found in the so il  parent material ( Goldich 1 9 3 8 , 

Harris and Adams 19 6 6 , and Kronberg and Nesbitt 19 8 1 ) . 

Res istant minerals tend to concentrate in the soil as a 

result o f  more susceptible minerals being removed through 

chemical weathering . The secondary minerals that are 

formed are dependent on the original primary minerals and 

the cl imate . Tardy et al . ( 19 7 3 ) outl ined the secondary 



weathering products o·f the most common primary minerals 

found in granite rocks . I n  temperate cl imates , as the 

Black H i l l s , the typical weathering sequences are as shown 

in Table 1 .  These sequences general ly agree with those 

reported by the USDA Soil Survey Sta f f  ( 1 9 8 0 ) . Mica 

( muscovite and biotite ) have a l so been reported to form 

vermicul ite and some interlayered smectites ( Fanning and 

Keramidas 1 9 7 7 ) . The dominate.mineral in granite ( quartz) 

i s  very resistant to chemical weathering ( Goldich 19 3 8 ) , 

and thus does not have a secondary mineral product . 
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Quartz , however ,  is broken down to finer part icles by 

phys ical weathering ( Santos et al . 1 9 8 6 ) . These weathering 

sequences hold true for other rocks in the same cl imate as 

evident by the dominance of kaol inite , with moderate 

quant ities of montmorillonite and chlorite in the clay 

fraction reported for the Buska soil series ( National Soil  

Survey Lab 1 9 7 9 ) . 

Cons idering the relative weathering rates of the 

minerals , it would be expected that the rate of saprol ite 

production would be dominated by the major const ituent 

minerals o f  a rock . With thi s  in mind , soil development 

should begin earl ier in the m icaceous schist , than the 

quartz dominated granite . Parsons and Herriman ( 19 7 5 )  

supported this  by showing i n  a l ithosequence o f  granite­

schist-pyroclast , the granitic s o i l s  were less devel oped 
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Tab l e  1 .  Typical weathering sequences o f  granitic minerals 
in temperate cl imate regions . (After Tardy et al . 
1 9 7 3 ) . 

Orthoclase- feldspar ===> Kaol inite 

Biot ite ===> ( Chlorite ) ===> Vermicul ite 

Pl agioclase ===> (Montmori l l onite ) ===> Kaol inite 

(Montmori l l onite ) is only a trans itional stage in 
plagioclase weathering . 

( Chlorite ) only forms readily in the deeper zones o f  the 
" retrodiagenes is" o f  granite . 
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than the schist soils. These d i fferences in soil 

development were shown to e ffect forest productivity by 

their influence on soil water holding capacity . 
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O f  the soil factors rel ated to forest productivity , 

pl ant avai l able water holding capac ity ( PAWC ) has been 

shown to be one of the most important ( Pase and Thilenius 

19 6 8 , and Parsons and Herriman 1 9 7 5 ) . The depth o f  the 

solum has also been shown to be an important predictor o f  

productivity (Meyers and VanDeusen 1 9 6 0 ) . These two 

parameters are interrelated with soil development in that 

as the pro file develops , it gets deeper , and f iner 

textured , thus increasing the PAWC . 

Pl ant available water holding capacity ( PAWC ) is  

the d i fference between the water held at field capacity 

( FC )  and the permanent wi lting po int ( PWP ) . The PWP is 

cons idered to be at a matrix potential of - 1 . 5  MPa . This  

is  true for both di sturbed samples and undisturbed cores 

( R . Kohl 1 9 8 7 , personal communi cat ion ) , although some plants 

may be able to extract water at l ower suction pressures . 

At the other end , FC has been subject to much 

debate . Laboratory measurements o f  FC are influenced by 

soil texture , structure , and sample handl ing . Lund ( 1 9 5 9 ) 

suggests that in sandy s o i l s , the FC maybe at lower suct ion 

than 0 . 0 3 MPa . Under low pressures di sturbed samples o f  

medium and fine textured s o i l s  have been shown t o  have a 
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higher mass water content than natural cores of the same 

soil  ( R .  Kohl 1 9 8 7 , personal communication , Salter and 

Wil l iams 19 6 5 , Sommerfeldt 19 8 6 , Lund 1 9 5 9 , Broadfoot 1 9 5 4 , 

and Elrick and Tanner 19 55) . S ieved coarse textured 

samples have been reported to both increase and decrease 

the moisture content at l ow pressures as compared to 

undisturbed soil cores ( Broadfoot 1 9 5 4  and Elrick and 

Tanner 1 9 5 5 ) . Logically , the natural cores samples would 

more real istical ly represent the actual ly conditions in the 

f ield . MacLean and Yager ( 19 7 2 ) have shown that 0. 01 MPa 

of pressure was a better measure o f  field capacity than 

0.03 MPa on undisturbed cores . When di sturbed samples must 

be used ( as in this study ) , it must be real i z ed that f ield 

capacity ( FC )  may not parallel measurements on undi sturbed 

cores and actual field measurements ( Kohl 1 9 8 7 , personal 

commun ication , Salter 1 9 6 5 , S ommerfeldt 19 8 6 , Lund 19 5 9 , 

Broadfoot 1 9 5 4  and Elrick and Tanner 19 5 5 ) . 
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MATERIALS AND METHODS 

Site Selection 

S ite selection was conducted to eva luate the inter-

action o f  canopy cover and s lash l evels on four soils in 

the northwest quarter o f  Custer State Park . �anopy cover 

and slash l evels were estimated ocul arly for s ite selection 

purposes . During 1 9 8 4 , 3 0  s ites were initia l ly chosen to 

cover a ful l  range of poss ib l e  canopy and slash level s 

encountered in Custer State Park . Twelve s ites were added 

in 19 8 5  to help balance the data set . Two s ites were later 

dropped ( CSP2 7  could not be relocated in 19 8 5  and CSP1 4 

produced atypical yields ) leaving 4 0  s ites in the study . 

S ites were l imited to four soil mapp ing units in 

the Custer and Pennington Counties -Black Hills  parts soil  

survey report; Mocmont gravely loam 2 to 12 % slopes , 

Mocmont-Rock outcrop compl ex 1 0  to 4 0 % slopes , Rock 

outcrop-Mocmont complex 4 0  to 8 0 % s l opes , and Buska- . 

Mocmont-Rock outcrop complex 1 0  to 4 0 %  slopes . The Buska 

series is a loamy-skeletal , micaceous Typic Eutroboraif 

derived from micaceous schist res iduum (USDA-SSS 19 8 5 ) . 

The Mocmont series is a l oamy-skeletal , mixed Typic 

Eutroboral f that has devel oped in res iduum or colluvium 

weathered from igneous rock ( granite ) (USDA-SSS 19 8 0 ) . Both 

soils  are found on uplands and mounta in slopes . These soi l 



mapp ing units can conta in up · to 1 5 %  inclus ions o f  

Inceptisols and other soi l s  ( E . Ens z 19 8 7 , personal 

communication) . Some s ites were establ i shed on these 

Eutrochrept soil s  to evaluate their productivity . 

S ite Measurements and S ampling 
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Soil  pits were dug a t  each s ite to a depth 

cons idered to be the c or R hor i z on . The soils were then 

morphol ogical ly described in accordance with the S o i l  

Survey Manual ( So i l  Survey Sta f f  19 8 1 )  , and bul k  samples 

were col l ected from each hori z on .  Abundance and s i z e  o f  

coarse fragments were estimated in a l l  pedons . Bul k  

dens ity samples could not be obta ined due t o  the nature of 

the coarse fragments . Thus , s o i l  bul k  density was 

est imated from the s c s  S -5 description sheets , particl e 

s i z e  ana lys is , organic matter , · and the para ffin clod method 

( Bl ake 1 9 6 5 ) . The s l ope was measured as a percent us ing a 

c l inometer , and s lope pro f i l e  pos ition was noted 

·corresponding to Ruhe ' s  s l ope component model ( Ru�e 19 6 9 ) . 

United States Geo logical Survey topographic maps were· used 

to estimate the elevation o f  each s ite . 

A ten meter transect was establ ished perpendicular 

to the s l ope at each s ite for measuring understory 

production . The ends o f  the transects were marked with 

�ooden stakes for ease o f  rel ocat ion . Vegetation samples 



were col lected within· a two and a hal f  day period during 

the middle of August each year . This minimi zed any 

di f ferences due to growth during the sampl ing period , and 
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a l l owed for sampl ing when vegetative growth had reached its 

maximum . Vegetation samples were comprised o f  the current 

year's growth from 0 . 2 m2 plot s  at one meter intervals . 

Cl ippings were taken on alternat ing s ides o f  the transect 

each year to minimi z e  any res idual effects from the 

preceding year ' s  sampl ing . Vegetat ion from each cl ipping 

was separated into one o f  three cl asses ( gramino ids , forbs , 

or shrubs ) ,  and stored in paper bags . The samples were 

transported to Brookings , S D  and dried at 8 3 °C to a 

constant weight . Understory production of each cl ass was 

calcul ated from the mean we ight o f  the ten plots harvested 

at each s ite ( Eq . [ 1]) .  

Eq . [ 1 ] kgfha = (x g; o . 2  m2 ) (1 kg/ 1 , 0 0 0  g)  ( 1 0 , o o o  m2;ha ) 

Where x is the mean weight ( g )  o f  the vegetation harvested 

from ten 0 . 2  m2 plots . Thi s  equat ion was then s impl i f ied 

to Eq . [ 2 ] :  

Eq . [ 2 J kgfha = (x gfplot )  5 3 . 8  

Total understory production was calculated as the sum of 

the understory production o f  each vegetation class at each 

s ite ( Eq . [ 3 ]) . 



Eq . [ 3 ] kgjha = graminoids + forbs + shrubs 
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The most common plant spec ies were noted at each s ite , 

although no intens ive flora inventory was made . The 

graminoid class included a l l  grasses and grass-l ike vegeta-

tion . The maj or species observed were : pra irie dropseed 

( Sporobolus heterolepis ) , sedges ( Carex �) , l ittl e  

b luestem (Andropogon scopar ius ) , and roughleaf ricegrass 

( Oryz ops is asperi fol ia ) . The shrubs consisted of l ow to 

the ground perennials ( seedl ing trees were not included ) . 

Kinnikinick (Arctostaphles una-urs i )  was the most important 

species and j uniper (Jun iperus communis ) was of minor 

importance . The herbaceous plants not included in the 

above classes were clas s i f ied as forbs . American vetch 

(Vicia americana ) , thistles ( Ci rs ium �) , western 

snowberry ( Symphoricarpos occidenta l i s )  , and western yarrow 

( �chi l l ea lanulosa ) were the most common species . 

S l ash levels ( tjha ) were obta ined �s ing a s l ightly 

modi fied vers ion of Brown ' s  method for inventory ing downed 

woody material ( Brown 1 9 7 4 ) . Brown ' s  transect method.was 

modi f ied to ut i l i z e  the understory vegetation transect 

al ready established at each s ite . This allows 

investigation of the s ite spec i fi c  interaction between 

slash level s and vegetation product ion . Percent_ canopy 

.density was measured us ing a spherical dens iometer ( Lemmon 

... � 



1 9 5 6 ) , and basal area . was measured in ft2; acre us ing a 

cru i s ing · prism with a basal  area factor o f  ten . 

The time s ince thinning o f  each s ite was obta ined 

from Custer State Park thinning and harvest ing records 

(Appendix I ) . Work area one (W1 ) is located in Norbeck 

Draw ( see Appendix V for s ite l ocations ) . This area was 

thinned in June 1 9 8 2 . At the t ime o f  the study the canopy 

cover was open and slash l eve l s  ranged from 2 0  to 6 0  tjha . 

Thi s  thinning operation removed predominately small 

diameter trees to increase the mean diameter at breast 
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height ( DBH ) from 4 . 3  em ( 1 . 7  in)  to 1 6 . 0  em ( 6 . 3  in ) . Two 

thinning operations spl it work area two (W2 ) along the 

logging road that runs through thi s  work area . S ites to 

the south of the road were thinned in 1 9 6 8  and to the north 

in 1 9 6 9 . This  work area has moderate and dense canopy 

cover with the exception o f  one s ite . S lash levels are 

a l so moderate to heavy with the exception of two sites in 

thi s  area . The thinning in 1 9 6 9  a l so included work area 

three (W3 ) which has similar s lash levels and thinner 

canopy covers . In 19 8 3 , work area four (W4 ) was harvested 

leaving 2 4 . 9  tjha slash and 2 8 %  canopy cover . The mean D BH 

in W4 was 6 . 4  em ( 2 . 5  in ) and 1 0 . 9  em ( 4 . 3  in ) before and 

a fter harvesting respectively . Work area five ( W5 )  was 

thinned in 1 9 8 2  from a mean DBH of 3 . 0  em ( 1 . 2  in) to a 

mean DBH o f  14 . 2  em ( 5 . 6  in ) . Thi s  operat ion opened the 

·--
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canopy to moderate and open l eve l s  and left from 4 . 4  to 

17 4 . 4  tjha slash . There was no record of thinning or 
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harvesting operations i n  work areas s ix (W6 ) o r  seven (W7 ) . 

Work area seven is an unthinned dog ha ir stand with 

extremely dense canopy cover . S lash levels are generally 

extremely high , however they may be low in areas where few 

trees have fal l en to the ground . Area six is  a mature 

stand with l ow to moderate canopy cover and slash levels . 

One s ite in W6 does have man made s l ash which attain high 

leve l s . The final work area ( W8 )  was thinned in 1 9 8 1 .  

Thi s  is a large area and has an extremely large variat ion 

in canopy dens ity and slash l evel . 

Laboratory Procedures 

Bulk soil samples from each horizon were air  dried , 

crushed with a roll ing p in , and passed through a 2 mm s ieve 

to separate the coarse fragments from the fine earth 

fract ion . Soil reaction ( pH )  was measured in a 1 : 1 soil  

water suspens ion (Macl ean 19 8 2  and USDA-SCS 197 2 ) . Organic 

matter content was measured a s  readily oxidi zable organic 

matter us ing the modi fied Walkley-Bl ack method ( Carson and 

Gelderman 1 9 8 0 ,  Jackson 1 9 5 8 , and Walkley and Black 19 3 4 ) . 

Cat ion exchange capacity was measured on sel ected pro fi l es 

us ing a NH40Ac at pH 7 . 0 ,  Buchner funnel and Kjeldahl 

procedure (USDA-SCS 1 9 7 2 ) . 

·-



Particle s i z e . analys is  by the pipette method was 

used to measure three s ilt fract ions , and the < 0 . 0 0 2  mm 

clay . Five sand fractions were separated by dry s ieving 

( US DA-SCS 1 9 7 2 ) . The sand fractions were saved to 
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determine the non-colloidal mineralogy of the fine and 

coarse sand fractions . Us ing a petrographic microscope , 

frequency o f  the quartz , feldspar , mica , and miscellaneous 

minera l s  were made on a min imum of 5 0 0  sand grains per 

sample . Mineral count frequenc ies were calculated and used 

to determine the mineralogical class of the three-tier 

mineralogy control sections as proposed by Kittrick ( 19 8 5 ) . 

Mo isture retention capacity was measured at 0 . 0 3 and 1 . 5  

MPa on disturbed samples us ing the pressure plate method 

( Richards 19 6 5 ) . " Plant avai l able" water holding capacity 

( PAWC ) was cons idered to be the di f ference between the two 

moisture retention measurements . The PAWC was then 

mul t ipl ied by the soil bulk density to convert it from a 

mas s  bas is to a volume bas i s . F inal ly the PAWC was 

adjusted downward for the coarse fragment content . 

Data Analysis 

Probabil ities o f  the occurrence o f  the recorded 

precipitat ion were evaluated us ing cumulative frequency 

distributions . The cumulative frequency percentage is  

obtained by ranking monthly , crit ical , and annual 



precipitation records . and us ing Eq . [ 4 ] :  

Eq . [ 4 ] Fi = (m/n+ 1 )  * 1 0 0  

Where the data has been ranked i n  ascending order , Fi= 

cumulative frequency percentage , m= rank o f  the ith 

observation , and n= number o f  years in the record . The 

cumulative frequency percentage represents the percentage 

of years with rainfal l equal to or l ess than that 

particular monthly , critical , or annual ra infal l .  It also 

represents an estimate o f  the events in the future that 

wi l l  have equal or less prec ipitation than a particular 

event ( Dunne and Leopold 1 9 7 8 ) . 
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Understory P!Oduction model s  for gramino id , forb , 

shrub , and total vegetation were generated from a data base 

containing as many as 17  forest and soil variables us ing a 

SAS PROC LEAPS procedure . The LEAPS procedure finds a set 

of models with the highest R2 us ing leaps and bounds 

algorithms ( P . E .  Evenson 1 9 8 6 ,  personal communication.) . 

Biologica l ly correct model s  with high R2 • s  were sel ected 

for further development . A SAS PROC REG procedure was used 

to force lower order terms into exponential model s when 

appropriate . For statistical purposes this experiment is 

cons idered a completely random des ign ( CRD) . A SAS PROC 

GLM with a Duncan-Wal l er option was employed to separate 

the means of understory product ion classes by soil types . 

;,::.:. •. 



Relationships . between understory production and 

s o i l  mineral ogy were invest igated us ing a PROC CORR 

procedure in SAS ( Ray 19 8 2 ) . Corre lation matrixes were 

cal culated for each year ' s  gramino id , forb , shrub , and 

total understory production by the percentages of quart z 

3 2  

and mica in the surface , subsurface , and substratum control 

sections . Correlation coef ficients ( r ) can range from - 1 ,  

indicating a perfect negative rel at ionship , through zero 

being independent or no relationship , to +1 indicating a 

direct positive relationsh ip . The 0 . 1  probab il ity level 

was used to separate s igni ficantly d i fferent correlation 

coe f ficients from zero . 

�· 
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RESULTS AND DISCUSSION 

Rainfall Probabil ities 

Precipitation , or· the l ack o f, is a critical factor 

governing the production of understory vegetation : A 3 8 %  

reduct ion i n  total vegetative production was seen i n  19 8 5 , 

when critical precip itation ( April , May , and June) averaged 

8 4  mm , as compared to 1 9 8 6  when the mean critical 

precipitation was 2 6 0  mm ( Tabl e  2 and 3 ) . Forb product ion 

was decreased by 5 9 %  on average , whereas mean shrub 

production had the smal lest loss of product ion . 

National Cl imatic Data Center prec ip itat�on records 

at Mt . Rushmore and Custer indicate the later part of 19 8 3  

rece ived near o r  above normal precip itation ( U . S .  Dept . o f  

Comm . 19 6 3 - 19 8 6 ) . This  trend continued through the first 

year of this study , unti l  August 19 8 4  ( Fig . 6 and 7 ) . 

During the 1 9 8 4  crit ical rainfall period , 2 7 1  mm o f  

precip itation fel l a s  compared t o  the long term mean o f  2 3 7  

mm . The cumulative frequency percentage ( Fi ) o f  rece iving 

thi s  amount or more precipitation is 3 6 % ,  where the mean Fi 

is  equal to 5 0 % . 

A severe drought began in August o f  19 8 4 . The 

Custer stat ion reported the only above average 

precipitation (March 19 8 5 )  unti l  September of 19 8 5  when 

both stations received above average prec ip itat ion . Only 

. •_...,:. 



Table 2 .  Recorded preci�itation at Custer and Mt . 
Rushmore weather stations during the study 
period . 

Station 
Mean Preci�1 

crit2 ann 
19 8 4  

crit ann 

year -------------
1 9 8 5  19 8 6  

crit ann crit ann 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Custer 
- - - - - - - - - - - - - - - - - - - - rom 

2 16 4 6 1  2 8 5  5 0 9  9 2  3 6 1 2 6 6 5 3 0  

Mt . Rushmore 2 4 8  5 3 0 2 5 6 4 7 6  8 0  3 1 8 2 5 4 5 5 2  

mean 2 3 7 4 9 6  2 7 1  4 9 2  8 4  3 4 2  2 6 0  54 1 

1Mean Precip : precipitation based on a 2 3  year record 
2 crit : critical precipitation = April + May + June 
3 ann : annual precipitation 

Table 3 .  Mean understory producti on by vegetation clas ses 
during 1985 and 19 8 6 . 

Vegetation 
Class 

total 

gramino ids 
forbs 
shrubs 

Mean Understory 
Production 

19 8 6  19 8 5  
------ kgjha ------

12 1 . 4 0 7 5 . 0 3 

6 2 . 7 3 
8 . 6 0 

5 0 . 0 7 

3 6 . 9 6 
3 . 4 9 

3 4 . 5 9 

Production 
Loss 

% - - - -
3 8  

4 1  
59  
3 1  

3 4  
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8 4  mm o f  prec ipitation fel l during the critical period , 

whi ch corresponds to a 4 %  probab i l ity o f  receiving this  

amount or less . This al so represents the percentage o f  

years that the critical period would be a s  dry o r  drier 

than in 19 8 5 . 

37 

During the remainder o f  1 9 8 5  and 19 8 6  precipitat ion 

returned to near normal ( Fig . 8 ) . Prec ip itat ion was only 

sharply below average during May and July of 19 8 6 . 

Although the prec ipitation during May was quite low ,  the 

critica l  precip itat ion was 2 6 0  mm . This  relates to a 4 4 %  

probab i l ity o f  rece iving thi s  amount o r  more prec ip itat ion 

during the critical period . 

overstory and understory evapotranspiration 

est imates were not availab l e , thus it was not pos s ible to 

est imate the l evel of prec ip itat ion required to provide 

adequate s o i l  mo isture . Al l pedons excavated during . 19 8 5  

were dry throughout the depth of sampl ing . These s ites 

probably were below the permanent wi lting point ( PWP ) for 

much of the growing season . During June 1 9 8 6 , schist so i l s  

were observed t o  b e  moist throughout the pedons except in 

the surface . Granitic s o i l s  were observed to be dry 

throughout . This indicates that the granitic soi l s  are 

less effic ient in storing prec ip itat ion for pl ant use . 
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Soil Properties 

As mentioned above , there may be d i f ferences 

between soils in abil ity to store water . Soil texture and 

to a lesser extent organic matter content control the plant 

ava ilabl e water ·holding capacity ( PAWC ) of these soils . 

S andy l oam and loamy sand textures dominate the studied 

pedo�s , and have a mean water holding capacity of 0 . 09 and 

0 . 0 6 mmjmm respectively ( F ig .  9 ) . 

Argil l ic hori z ons , be ing an accumulation zone o f  

il luvial s i l icate clays , increase the PAWC o f  the Al fisol 

s o i l s  as compared to the I nceptisol s . The granitic 

Al f i sols and the schist Al fisols  have a mean PAWC for the 

pedon o f  7 8  mm and 9 6  mm respectively . The Inceptisols 

have a mean PAWC o f  40 mm and 49 mm respect ively for the 

granite and schist soil s . The increase in PAWC from the 

Inceptisols to the Al fisols comes from the argill ic hor i z on 

and the e ffects o f  weather ing on the particle s i z e  

distribut ion ( see Part icle S i z e  D i stribution sect ion) . 

Schist soils also have a s l ightly higher PAWC as compared 

to the related granitic soil s . This  is  a result o f  the 

s·chist soils being dominated by f ine sands ( 0 . 2 5 to 0 . 1 mm ) 

and the granitic soils dominated by coarse sands ( 1  to 0 . 5  

mm ) . 

The da ily precip itat ion record (U . S .  Dept . of 



l oam 
. 09 

c l ay 
. N/A 

c l ay l oam 
• 1 0  

s i 1 t 1 oam 
• 1 4 

4 0  

Fig . 9 .  Soil  water hold ing capacity (mm;mm ) by soil 
texture using 0 . 3  and 1 . 5  MPa pres sure on di sturbed 
sampl es . Assumes a bu lk dens ity of 1 . 3 and 
corrected for organ ic matter content . si lt loam , 
silty clay l oam , and sandy cl ay loam texture 
classes had a l imited number of observations in 
the ir mean . 
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Commerce 1 9 6 3 -present ) · exemp l i fies the influence o f  soil 

PAWC on understory production and soil  genes is . During the 

study period there were eight prec ipitat ion events which 

exceeded the PAWC o f  the granitic I nceptisol soils . One of 

these events occurred during the droughty 1985 growing 

season . The PAWC o f  the schist Incept isol s was also 

exceeded three times during the study . Excess water dra ins 

from the soil and becomes unava i l ab l e  to plants . Although 

no s ingle event exceeded the PAWC o f  the Al fisol soils , 

separate events a few days apart did exceed these 

capacities . 

Soil Mineralogy 

The mineralogy control sect ion has formal ly been 

the same as the control section used in part icle-s i z e class 

determination ( Soil Survey Sta f f  19 7 5 ) . For the Buska and 

Mocmont soi l s  this  corresponded to the mineralogy o f  a 

selected s i z e  sand fraction from the argil l ic horizon . . 

Present mineral ogy classes for the Buska and Mocmont series 

are micaceous and mixed respectively . The mineralogy 

control section o f  the unnamed Inceptisol so i l s  cons ists o f  

the segment of soil from the base o f  the epipedon t o  a 

l ithic contact or 1 m ,  whichever i s  shallower . 

A three-tier mineral ogy control section has been 

used in this  study as proposed by Kittrick ( Soil Sci Soc Am 
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1 9 8 5 ) . The surface control section cons ists of the segment 

o f  soil from the mineral surface to the base of the 

ep ipedon or a depth of 0 . 2 5 m ,  whichever is deeper . The . 

subso i l  control section starts at the base o f  the surface 

control sect ion and extends to the depth o f  1 m or a 

sha l l ower l ithic contact . This  section most closely 

corresponds to the traditional mineralogy control sect ion . 

S o i l  material below 1 m to a depth o f  2 m or a sha l l ower 

l ithic contact is cons idered to be the substratum control 

section . 

Al l of the control sect ions sampled in the Buska 

s o i l s  contained greater than 40 % micaceous min�rals . Us ing 

these new control sections , the Buska soil would continue 

to be classified in the micaceous mineralogy family . The 

percentage o f  mica increases in the f iner particle s i z e 

clas ses and with depth within a · part icle s i z e  class . Thi s  

is cons idered t o  b e  evidence that phys ical breakdown o f  

micaceous minerals is an important pedogenic process in 

these soils . 

Mineral classi f ication o f  the unnamed schist 

Inceptisol s was also micaceous throughout the pedons . Mica 

percentages indicate the same trends within and acros s  

part icle s i z es as were evident in the Buska soils . 

Inceptisols however ,  had higher mica contents , part icul arly 

in the coarse sand fraction , indicat ing that phys ical 

; 
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weathering has not proceeded t o  the same extent . These 

unnamed soils are cons idered to be chronologica l ly younger , 

precursors to the Buska series . Thi s  can not be proven 

using mineral weathering rat ios because o f  the e ffects o f  

physical weathering ( St . Arnaud and Whiteside 19 6 3 ) . 

Pedons of the Mocmont series had substantially more 

variation in mineralogy than the Buska series . It was 

origina l ly clas s i fied as having mixed mineralogy . Pedon 

mineral ogy in this study ranges from S i l iceous ( > 9 0 %  

Quart z ) t o  Micaceous ( >4 0 %  mica ) . The majority of the 

control sections class i fy as mixed mineralogy . Surface 

control sections o ften class i fy as micaceous as a result o f  

physical weathering caus ing the f ine sand fractions to 

dominate the particle s i z e  di stribut i on . The micaceous 

minerals quickly break down and concentrate in the finer 

sand fractions . An inherently high mica content throughout 

the profile is al so a poss ib i l ity .  S i l iceous mineralogy 

cl asses are associated with the most strongly developed 

Mocmont pedons . This suggests that phys ical �nd chemical 

weathering is responsible for removing the mica and other 

less res istant minera l s . As a result o f  the phys ical 

dis integration of mica in the coarse sand fractions quartz 

i s  concentrated near the surface . Deeper in the profile , 

quart z  decreases rel at ive to mica in the absence of 

intens ive weathering proces ses . The fine sand fractions 

; 
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near the surface are diluted by the accumulat ion o f  mica . 

The most strongly developed pro f i les fol low these trends , 

but further weathering has a l so removed the mica from the 

f ine sand fraction near the surface . 

Mixed mineralogy clas ses dominate the unnamed 

granitic Incept isols . The coarse sand quartz percentage 

general ly decreases from the surface to the c hori z on . 

Other trends in the mineral ogy are not clear . .This is  a 

result o f  the variab i l ity in the parent material . 

Kittrick ' s  proposed subclasses for the mixed 

mineralogy class were also used in this  study . Thi s  

converts the mixed mineral ogy clas s  from a catch-all term 

to a l ogical sequence o f  mineral ogy classes . In real ity , 

there exists a continuum between the micaceous , mixed , and 

s i l iceous mineral classes . The mixed-micaceous ( 2 0  to 4 0 % 

4 4  

mica ) , mixed-moderate quart z  ( 4 0  t o  8 0 %  quart z ) ,  and . mixed-

h igh quartz ( 8 0 to 9 0 % quart z ) subclasses better. describe 

the variab i l �ty of the granitic s o i l s  than the traditional 

mineral ogy clas s i f ication . These sub-classes are j usti f ied 

because the ratio o f  mica to quartz can have a substantial 

influence on soil propert ies . Mineral ogy did not 

consistently rel ate to understory product ion ( see 

Mineral ogy and Understory Product ion section ) , however its 

influence on pedogenes is  has been shown above . Engineering 

characteristics of coarse textured soils have also been 

; 
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shown t o  b e  influenced b y  the phys ical properties of mica 

( Gi l roy 19 2 8 , Johnson et al . _ 1 9 6 9 , and Moore 1 9 7 1 ) . The 

minera l  percentages and class i f ication o f  individua l pedons 

are reported in appendix I I . 

Particle S ize Distribution 

Within the gran itic Incept i sols , C horizons are 

unimodal with the maximum in the coarse sand fraction ( 1  to 

0 . 5  mm) or the very coarse sand fraction ( 2  to 1 mm ) ( F ig .  

1 0 ) . S ome thin pedons show evidence o f  a second weak peak 

with its maximum in the coarse s il t  fraction ( 0 . 0 5 to 0 . 0 2 

mm ) . The e ffects o f  intense weathering processes which 

occur near the surface infl uence the c hori zon in these 

soil s . 

Cambic hori z ons are general ly bimodal . The coarse 

population (maximum 2 to 0 . 5  mm) dominates with a finer 

popul ation (maximum 0 . 0 5 to 0 . 0 2 mm ) expressed to d i f fering 

degrees ( Fig . 10 ) . The strength o f  the finer popul ation is  

an express ion of the degree o f  phys ical weathering . This 

is  a l so re flected in the ep ipedon . 

Bimodal distributions are strongly expressed in the 

A and E hori z ons of these granitic Inceptisols . In the 

l ess devel oped pedons ( CSP17  and CSP2 2 ) the particle s i z e  

distribution is dominated b y  a populat ion with its mode in 

the very coarse sand fract ion . The finer peak becomes 

·---
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codominant as i n  pedon CSP2 5 , · and eventual ly dominate as in 

pedons CS P2 3 , and CSP1 8 with advanced phys ical dis integra­

t ion . In the latter two pedons a third peak in the clay 

fraction ( < 0 . 0 0 2  mm) also is present . 

The c horiz ons in the granitic Al fisols also have a 

dominate population in the coarse or very coarse sand 

fraction ( Fig . 1 1 ) . There is also evidence of two weak 

apexes developed in the qlay and coarse s 1 lt fractions . 

The argil l ic hori zon o f  pedon CS Pl l continues to be 

dominated by a population with a maximum in the very coarse 

sand fraction . A clay populat ion and a weak population 

with its maximum in the medium s ilt fraction ( 0 . 0 2 to 0 . 0 0 5  

mm )  have developed at the expense o f  the coarse sand 

fraction . In pedon CSP2 8 the coarse population becomes 

weaker and finer in the upper part of the argil l i c  

hor i z ons . Two weak popul ations. with the ir max�mum in the 

clay and the medium s i lt fract ions are also present . In 

advanced stages o f  weathering , the coarse end of the sand 

fraction continues to deteriorate as represented in pedon 

CSPS . Although a coarse populat ion is present in the ·Bt2 

hori z on , it is suppressed to an increas ing degree in the 

Bt l and B/E horiz ons . The c l ay and coarse s i lt apexes of 

pedon CSPS replace the coarse population in these upper 

argil l ic hor i z ons . 

The A and E hori z ons o f  pedons CSPll  and CS P2 8 

; 
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continue to show the dis integrat ion o f  the coarse 

populat ion and an increase in a s ilt fract ion ( CSP8 maximum 

0 . 0 5 to 0 . 0 2 mm ,  and CSP2 8 maximum 0 . 0 2 to 0 . 0 0 5  mm) . The 

E hor i z on o f  pedon CSP8 also supports th is , however , the 

A/E hori zon has a strong coarse mode . This  is a result of 

cumul i z at ion of slope wash material from higher landscape 

pos itions . 

In contrast to the granitic Inceptisol s , a coarse 

population with a maximum in  the f ine sand ( 0 . 2 5 to O . lmm ) 

or medium sand ( 0 . 5  to 0 . 2 5 mm ) dominates all horiz ons o f  

the schist Inceptisols except the A hori z on of CSP1 3 ( Fig . 

1 2 ) . Bw hori zons show few changes from the particle s i z e  

distribut ion of the c horiz ons . A secondary popul at ion 

with a maximum in the coarse s il t  fract ion develops in the 

A and E horizons . This  finer population becomes stronger 

at the expense of the coarse mode as phys ical weathering 

and soil development continue . A clay population is formed 

in the surface hori zons of wel l  devel oped Inceptisols as 

evident in pedons CSP3 0 and CSP1 3 . 

Micaceous schist saprol ite in the C hori z ons o f  the 

schist Al fisols have a unimodal distribut ion with a maximum 

in the medium sand fraction ( Fig . 1 3 ) . A very weak clay 

populat ion exists in the trans itional BC horiz ons along 

with the coarse mode simil ar to that in the C horizons .  

Pedons CS P4 2 and CSP16 show a marked reduction in 

; 
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f ine sand ( 0 . 1  to 0. 05mm) , 6 f ine sand ( 0 . 25 to 0 . 1mm ) , 7 
med ium sand ( 0 � 5 to 0 . 25mm) , 8 coarse sand ( 1  to 0 . 5mm ) , and 
9 very coarse sand (2 to lmm) . 
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the sand content of the Bt hor i z ons . Peden CSP4 2 has a 

substantially smal ler coarse populat ion (maximum 0 . 5  to 

0 . 2 5 mm) , a weak fine population (maximum 0 . 02 to 0 . 0 0 5  

mm) , and a strong clay populat ion ( < 0 . 0 0 2  mm) . The 

coarse population is total ly replaced in the Bt hori z on o f  

pedon CSP16  b y  the clay and coarse s i l t  fract ions . 

A population with its maximum in the coarse silt 

fraction dominates the E hori z ons o f  the schi st Al f i sols . 

52  

Pedogeni c  clay has been eluviated out o f  these hori z ons and 

thus the medium sand fraction peak becomes prominent again . 

This coarse population is  now secondary and is 

substantial ly weaker than it had been in the saprol ite 

material . 

S o i l  Genesis 

The shi fts in particle s i z e  distribution from the c 

hori z ons to the surface , and from the Incept isols to the 

Al fisols indicate that the sand fract ions are not inert to 

weathering processes . Physical  weathering is the dominate 

force that acts to reduce the coarse sand population to 

form the s i lt s i z e  populat ion . Kittrick ( 19 8 5 )  reported 

thi s  for micaceous soi l s , and S antos et al . ( 1 9 8 6 )  reported 

it for Boral fs in east central Saskatchewan . 

It was indicated above that the Inceptisol pedons 

in advanced stages of weathering ( CSP13 , �SP2 3 , and CS P18 ) 

. . .......... 



show clay development . in the surface hori z ons . The 

5 3  

Al fisols show a �educt ion o f  clay population in the surface 

and a substantial increase in the subsurface . The clay 

depth function ( F ig . 14  and 1 5 ) indicate an accumulation o f  

clay in the B t  hori z ons o f  the Al f i sol soils . Field 

observation o f  clay skins and bridges con firm clay has been 

translocated from the epipedon . This  indicates that the 

proces s of less ivage is an important factor in the 

pedogenes is of the Mocmont and Buska series . 

Melanization and l eucini z ation are two proces ses 

important in determining the morphol ogy o f  the ep ipedon . 

Mel an i z at ion is responsible for darkening o f  mineral 

material to form A or A/E hor i z ons in 7 5 %  of the pedons 

studied . E horiz ons were found at the surface o f  the 

rema ining pedons . The presence , absence , or thickness of 

an A hori z on was not related to . soil order , parent 

material , or slope posit ion . Surface eros ion may have 

truncated the A hori z on on some pedons . The presence o f  0 

hori zons directly above E hor i z ons and A hori z ons on 

shoulder pos itions , suggest that eros ion is not the only 

explanation . Ep ipedons with moderately well devel oped A 

hori z ons may be remnants o f  cherno z em soils  (Moll isol s )  

developed under past cl imatic and vegetat ion regimes 

( Radeke and Westin 19 6 3 ) . Thi s  hypothesi s suggests that 

the A horizons are being degraded by the leucini z ation 
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process under the present cl imate and vegetation regime . 

Mineralogy and Understory Production 

During 1984 when precipitation was only sl ightly 

below normal , there was no s igni ficant correlation between 

mineralogy of any of the mineral control sections and 

understory production . Correl ation coef f icients for the 

solum ranged from - 0 . 0 � to 0 . 0 9 .  Because these values are 

very close to z ero , it was concluded that understory 

production was independent o f  surface and subsurface 

mineralogy during 1984 . Substratum mineralogy correlation 

56 

coe f f icients were greater , however due to the l ow number of 

observations , they were not s ign i ficant during any of the 

years of this study . Mineral ogy-understory product ion 

correlation matrixes are reported in Appendix I I I . 

A severe drought began in August 1984_ and cont inued 

through August 1985. A sign i ficant correlation was found 

between graminoid and shrub production and surface 

mineralogy during this peri od . Graminoid product ion was 

negatively correlated to the quart z content , and pos itively 

correlated to the mica content . Increased· production as 

mica content increases is related to the finer texture 

which in turn increases the PAWC . The relationships 

between shrub production and surface mineralogy were 

oppos ite of those between graminoid production and surface 

· ·---::. 



mineralogy . One explanation o f  the negative correlation 

with mica is that shrubs ( predominately Kinnickinick) may 

5 7  

be more drought tol erant than the other vegetation classes . 

Graminoids can not get establ i shed on the droughty high 

quart z  soil s . Shrub production may be greater on these 

high quartz �oi l s  than on s o i l s  with higher PAWC ' s  due to a 

l ack o f  competition from graminoids . The negative 

correlation with mica content i s  not bel ieved to be related 

to an increase in nutrient bearing mineral . The reason 

being that the relationship with quartz is equal ly as 

strong in the oppos ite ( + )  direct i on . The only significant 

correlat ion in the subsoil was between shrub production and 

quart z  content . This aga in may be a re flection of the 

edaphic adaptat ions o f  the shrubs . Because correl ation 

does not necessarily indicate a causal relationship , the 

correlation between shrub product ion and mineralogy may 

a l so be a coincidence . Correlat ion coe f f icients for total 

vegetation and forb production were aga in very close to 

z ero and indicate independence between production and 

mineralogy . 

Prec ip itation level s  returned to near normal in 

1 9 8 6 . Total product ion and forb production were again 

shown to be independent of surface or subsurface 

mineral ogy . The relationships between shrub production and 

mineral ogy returned to non-s igni ficant level s .  Shrub 

; 
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production responds pos it ively to the increased ava i l able 

water on the low and . medium quart z  soils even though there 

is compet ition from graminoids . Water rema ins as the 

l imit ing factor on the high quartz s o il s . The non­

s igni f icant correlation is a result of this  variab i l ity .  

Graminoid production and surface mineralogy ( +  mica , and -

quartz ) was the only sign i f icant correlation remaining . 

5 8  

Although prec ip itat ion was near normal , there was a strong 

def i c it in May and July . Cons idering the poss ible residua l 

water depletion from 19 8 5 , there does not seem to be a 

direct relationship between understory production and soil 

mineralogy . Instead , mineral ogy influences particle s i z e  

distribution , �hich i n  turn a f fects PAWC . 

Site-Understory Relationships 

Canopy cover categories were arbitrarily set at o 

to 2 5 % , 2 5  to 5 0 % , and > 5 0 % , for the open , moderate , and 

dense canopies respectively . Actual measurements o f  canopy 

cover ranged from a low of 2 %  to a high of 9 8 %  in a dog 

hai r  stand ( Appendix I )  . Each category included s ites 

representative of each so i l  type . The mean canopy cover o f  

the schist · soils  ( 5 2 % )  is greater than that for the 

gran it ic soils ( 3 3 % ) . Excluding the three s ites in a dog 

ha ir stand , the schist soi l s  would have very similar ranges 

· in canopy cover to the granitic soi l s . 
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Basal area i s  a measure o f  the standing t imber i n  a 

forest stand . This measurement i s  qui ck and easy , and has 

been highly correlated with canopy cover . Canopy cover can 

be replaced by basal area · to model u�derstory production 

( Ha l l s  and Schuster 19 6 5 , Jameson 1 9 6 9 , and Bennett 19 8 4 ) . 

Thi s  also became evident in  our data during the model ing 

process . Bennett ( 19 8 4 ) regressed canopy cover against 

basal area in ponderosa pine stands in the Black Hil l s . 

The resulting model ( Eq . [ 5 ] ) converts basal area 

measurements to canopy cover and vice-versa . 

Eq . [ 5 ]  canopy cover = 0 . 5 1 ( basal area ) - 1 . 9 4 

Measured basal area ranges from 1 0  to 2 8 0  ft2; acre in 

· custer state Park . Dog ha i r  stands had the highest basal 

areas . These extremely high basal areas misrepresent the 

overstory production due to the . low percentage o f  

merchantabl e  timber . Understory production however , is  

accurately portrayed under these conditions . 

The standard sl ash management pract ice employed in 

Custer State Park is to l op and scatter to 0 . 4 5 m ( 1 8 in ) . 

This  is  for fire protection purposes al one , and sl ash is  

only piled and burned when slash l evel s  reach dangerously 

high energy l evels or in f i re break areas . Areas with 

heavy sl ash would logical ly be  expected to adversely e f fect 

the understory growth as l ong as the sl ash rema ins on the 

. ..  -- : 



surface . stumps which are partly buried and s lash that is  

in contact with the soi l on northern and eastern aspect 

s l opes , partly decomposes in three to f ive years . summer 

sun dries and cures the slash on the southern slopes 

s l owing the decompos it ion process . S lash cover categories 

were set at o to 2 5 , 25 to 5 0 , and > 5D  tjha , for the low ,  

medium , and high slash level s  respect ively . Slash level s 

ranged from near zero to wel l  over 1 0 0  tjha on both 

granitic and schist soil s . I n  the Black Hil l s , l evels  

greater than 7 5  tjha are cons idered to be extremely high 

( D .  Spark 19 8 6 ,  personal communication ) .  

6 0  

The negative a ffect o f  canopy density on understory 

production is  wel l  i l lustrated in Table 4 .  Within any 

·column the total understory product ion decreases as canopy 

cover increases . This is in agreement with research by 

many authors throughout the western United States ( Clary 

and Larson 1 9 7 1 ,  Harris 1 9 5 4 , McConnel l and Smith 1 9 7 0 , and 

Pase 1 9 5 8 ) . This  suggests that forest stand thinning 
.. 

produces a release response in the understory vegetat ion . 

Table 4 also indicates that s l ash l evels  ef fect understory 

product ion . As slash leve l s  increase within a canopy cover 

class , a loss of total understory product ion is recogni z ed . 

These trends imply that sl ash left from thinning and timber 

harvest operations suppresses the understory response to 

forest stand thinning . The influence of canopy dens ity and 

... - r 
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Table 4 .  Mean total understory production by slash 
cover and c'anopy cover categories over three . 
years . 

0 - 2 5  
S l ash cover ( tjha ) 

2 5  - 5 0  > 5 0  

6 1  

- - - - - - - - - - - - - - - - - - - - - - - - �� - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

--------------- kgjha -----------------

0 - 2 5  1 7 7 . 5 0 ( 9 )  1 4 6 . 3 5 ( 6 )  1 3 1 . 3 6 ( 2 1 )  
Canopy 

2 5  - 5 0  1 1 3 . 9 4 ( 1 6 )  9 7 . 2 5 ( 17 )  8 3 . 07 ( 1 9 )  
cover 

> 5 0  1 . 6 7 ( 3 )  6 9 . 9 4 ( 7 )  6 . 2 0 ( 1 1 )  
% 

number o f  observations in each mean is shown in parenthes i s  
observations = s ites * years 

Table 5 .  Mean graminoid understory product ion by slash 
cover and canopy cover categories over three 
years . 

0 - 2 5  
Canopy 

2 5  � 5 0  
cover 

> 5 0  
% 

0 - 2 5  
S la sh cover ( tjha ) 

2 5  - 5 0  > 5 0  

--------------- kgjha - - - - - - - - - -· - :- - - - -

4 0 . 2 0 ( 9 )  9 . 5 6 ( 6 )  5 2 . 3 4 ( 2 1 )  

7 8 . 2 2 ( 1 6 )  6 5 . 8 0 ( 17 )  59 . 2 3 ( 1 9 )  

1 . 6 7 ( 3 )  1 0 . 8 2 ( 7 )  6 . 1 8 ( 1 1 )  

number of observat ions in each mean is shown in parenthes i s  
observations = sites * years 

f ·--:: 



. s lash levels compound· each other as both independent 

variables incr�ase .  The yield under l ow slash and dense 

canopy cover fails  to fol low these trends . Thi s  is a 

result o f  the difficulty 'in finding adequate numbers o f  

s ites to represent each canopy-s l ash class . When final 

s ite measurements were made , only one s ite clas s i fied into 

the l ow slash-dense canopy class . This  site was an 

6 2  

unthinned dog hair stand . These s ites have extremely dense 

canopies and typica l ly have higher sl ash levels and almost 

no understory vegetat ion . Thus dog hair stands do not 

accurately represent the production cond itions under a 

dense canopy with a low slash l evel . Understory product ion 

o f  individual sites is reported in Appendix IV . 

These same trends can be ident i fied in the 

individual vegetat ion classes ( Tab le 5 ,  6 ,  and 7 ) . These 

trends are not cons istent due to smal l sampl e s i z es which 

misrepresent the understory production o f  some cell s .  Due 

to the vast number of independent forest and soil 

variabl es , it was not pos s ible to sample enough sites to 

account for al l the variat ion . 

Some o f  the incons istenc ies in these tables are 

caused by one or more categories be ing dominated by only a 

few s ite factors . Table 8 shows the understory product ion 

o f  the four vegetation classes by slope aspect . In genera l 

the northern and eastern aspects tend to out-produce the 

.. :�· 
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Table 6 .  Mean forb understory production by slash cover 
and canopy cover categories over three years . 

0 - 2 5  
Canopy 

2 5  - 5 0  
cover 

> 5 0  
% 

S l ash cover ( tjha ) 
0 - 2 5  2 5  - 5 0  > 5 0  

---------------- kgjha ---------------

8 . 8 3 ( 9 )  2 2 . 7 8 ( 6 )  2 0 . 5 9 ( 2 1 ) 

6 . 2 1 ( 1 6 )  2 . 14 ( 17 )  2 . 12 ( 19 )  

0 . 0 0 ( 3 )  0 . 0 0 ( 7 )  0 . 0 2 ( 1 1 )  

6 3  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - -

number o f  observations in each mean is shown in parenthes i s  
observations = s ites * years 

Table 7 .  Mean shrub understory production by slash cover 
and canopy cover categories over three years . 

0 - 2 5  
Canopy 

2 5  - 5 0  
cover 

> 5 0  
% 

0 - 2 5  
S lash cover ( tjha ) 

2 5  - 5 0  > 5 0  

--------------- kgjha -----------------

1 2 8 . 4 6 ( 9 )  

2 9 . 5 0 ( 1 6 )  

o . o o ( 3 )  

1 1 4 . 0 1 ( 6 )  

2 9 . 3 0 ( 17 )  

5 9 . 1 2  ( 7 )  

58 . 4 3 . ( 2 1 )  

2 1 . 6 9 ( 1 9 )  

0 . 0 0 ( 1 1 )  

number o f  observations in each mean i s  shown in parenthes i s  
observations = s ites * years 



Tab l e  8 .  Mean and range o f  vegetation yields 
by slope aspect over three years . 

asQect total graminoids forbs shrubs 
------------- kgjha --- - - - ----- -

North ( 2 3 ) 1 19 . 2  5 9 . 8  6 . 0 5 3 . 4  
0-4 4 9  0 -4 2 8  0 -6 7  0 -2 7 3  

East ( 5 1 )  12 2 . 2  4 9 . 9  1 2 . 0  6 0 . 3  
0 -6 1 1  0 -5 7 0  0 -4 1  0 -2 9 3  

S outh ( 2 0 )  2 6 . 5  17 . 8  2 . 0  6 . 7  
0 -1 3 8  0 - 1 1 6  0 - 1 6  0-4 1  

West ( 4 )  1 1 0 . 6  7 . 1  0 . 0  1 0 3 . 5  
7 -2 2 0  1 -1 8  0 0 -2 2 0  

number o f  observations in each mean i s  shown 
in parenthe� is 

6 4  
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more droughty southern aspects on these sandy so ils . The 

data for the western aspect . is skewed by one s ite which 

produced shrub vegetation atypical of other s ites with 

western aspects or other granitic Inceptisol s .  

Soil  order and parent material also influence the 

quantity and type of vegetation that is produced . Due to 

the large variation in product ion caused by the range in 

canopy dens ity and slash leve l s  within soil types , there 

were few s igni ficant d i f ferences among soils { Table 9 )  . 

Al f isol soils signi ficantly out-produce the Incept isol s in 

6 5  

the forb understory class . The total vegetation class 

fol l ows thi s  same trend with much greater product ion by the 

Al f isol s than the Inceptisol s . Weaker separat ions occur in 

the gramino id and shrub cl asses . These cl asses segregate 

more by parent material than by - soil  order . 

Overstory growth shows ·a marked response to · 

thinning . Canopy cover and basal area were not measured at 

the t ime o f� thinning , however average tree he ight and age 

has been measured in cut areas s ince 1 9 8 1 . S ites th inned 

in 1 9 8 1 were left with a mean he ight of 8 . 5  m ( 2 8  ft ) and a 

mean age o f  5 0  years . These trees had a · growth rate o f  

0 . 18 mjyr { 0 . 5 9 ftjyr ) a fter account ing for ten years to 

reach breast he ight ( 4 . 5  ft ) . During 19 8 5 , s ite indexes 

were measured at selected s ites . As an example , two trees 

from di f ferent sites within the area cut in 19 8 1 . At s ite 

. .. ... -� 
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Tabl e  9 .  Mean understory vegetation yields by 
soil type over three years . 

tota l graminoids forbs shrubs 
--------------- kgjha --------------

GA ( 4 8 ) 
GI ( 3 0 )  
SA ( 1 1 )  
S I  ( 19 )  

12 0 . 8 1a 
7 6 . 8 4 a  

1 3 8 . 1 4 a  
64 . 55a  

5 1 . 6 0 a  
1 8 . 0 2 a  
8 9 . 7 3 a  
6 0 . 8 7 a  

1 2 . 5 6a 
1 . 68b 

1 2 . 0 6a 
2 . 08b  

5 6 . 6 5 a  
57 . 1 4 a  
3 6 . 3 5ab 

1 . 6 0 b 

Yields in the same column with the same l etter 
were not s igni ficantly d i fferent in a Duncan­
Wal ler means separation at the 0 . 1  l eve l . 

GA - granitic Al fisols - Mocmont pedons 
GI - granitic Inceptisols - unnamed 
SA schist Al fisol s - Buska pedons 
SI - · schist Inceptisols - unnamed 

number of observat ions in each mean is shown 
in parenthes i s  
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CS P2 a tree was 13 . 3  m ( 4 4 ft ) tal l  at 6 0  years , and at 

s ite CSP3 1 a tree was 14 . 9  m ( 4 9 ft ) tal l  at 64 . years o f  

age . I f  these trees grew at the mean growth rate ( 0 . 1 8 

mjyr ) their he ights would
. 

have been 9 . 5  m and 10 . 4  m in 

1 9 8 1 for CSP2 and CSP3 1 respect ively . This leaves 3 . 8 m 

and 4 . 5  m o f  growth in the four years between thinning in 

6 7  

19 8 1  and s ite index measurements i n  19 8 5 . This corresponds 

to a mean growth rate _ of 1 . 0 4 mjyr a fter thinning . Other 

s ites showed similar responses in tree growth to thinning . 

Overstory response to thinning was also noted by the 

thickening of the annual growth rings in incremental bores 

taken for the s ite index measurements ( G . M . S imonds 1 9 8 5 , 

personal co�unication ) . 

Understory response to thinning was not directly 

measured because understory yields prior to thinning were 

not ava i l able . This  response was discussed under s ite-

understory relationships a s  the �reduction under varying 

canopy dens�ties . Like McConnel l and Smith ( 19 6 5 ) , there 

was insufficient data to draw conclus ions on understory 

response to thinning over time . The data col lected thus 

far is compl icated by extremes in prec ip itation . Responses 

of individual sites with s imil ar soils and environmental 

conditions vary greatly not only in quantity but also in 

compos ition . Other authors have attributed th is to 

di f ferences in or lack of an ava ilable natura l seed source 



( Bever 1 9 5 2 , Pa se and Hurd 1 9 5 7 , and Re id 1 9 64 ) . 

Broadcast ing seeds o f  des i red understory spec ies on 

thinned , low productive s ites may greatly improve the 

response where a natural ·seed s ource is not ava ilable . 

Understory Production Model ing 

Understory herbage production models  would be  o f  

u s e  i n  making forestry dec i s ions that may effect wildl i fe 

hab itats and populations . The relationships discus sed 

above were evaluated for such purposes . Earl ier it was 

shown that vegetation yields vary greatly along with 

precipitation . S ince soil and forest variables are 

6 8  

rel at ively static i n  the short run , a precip itat ion term is  

needed in each model to  account for annual variations in  

product ion . The best understory prediction model s  are 

reported in Table 1 0 . S lash ( SL) , either basal area ( BA )  

o r  canopy cover ( CC ) , and a variety o f  s o i l  variables 

cons istently make up the mode l s . 

By inputt ing the mean critical precipitation , and 

means of the soil factors , an e stimate of the l ong term 

product ivity under varying basal areas for each soil  can be 

generated ( Fig . 1 6 ) . Although th is  model can be use ful , 

remember that it general i z es over s l ash levels . The means 

of the slash level s used in devel oping this model were 6 8 , 

4 6 , 7 9 , and 58  tjha respectively for the Buska , Mocmont , 



Table 1 0 . Understory vegetat ion yield prediction models 
on an individual soil bases . 

Total= 12 1 . 2 0 -1 . 2 6 ( BA)  - 1 . 0 9 ( SD )  -7 . 8 7 ( CL)  

Graminoid 

+ 2 9 . 0 6 (WC )  -0 . 2 4 ( P )  

= 1 0 6 . 4 8 -0 . 2 7 ( SL )  + 0 . 7 5 ( CC )  -0 . 2 0 ( CC2 ) 
-0 . 7 2 ( S D )  + 7 4 . 0 3 ( PM)  -5 8 . 2 3 ( 0 )  +0 . 0 4 ( P ) 

Forb = 4 . 13 + 0 . 1 0 ( SL)  -0 . 2 3 ( BA )  + 0 . 0 0 0 4 ( BA2 ) 
-0 . 13 ( SD )  + 0 . 4 7 ( S S ) -2 2 . 19 ( 0 )  +0 . 0 4 ( P ) 

Shrub = 3 14 . 6 5 + 0 . 2 6 ( SL)  -0 . 0 0 3 ( SL2 ) - 1 � 0 3 ( BA)  
+ 0 . 0 0 2 ( BA2 ) -2 . 4 9 ( S S )  -9 . 3 3 ( CL)  +0 . 1 0 ( P ) 

6 9  

BA= basal area ( ft2; a ) , CC= canopy cover ( % ) , 0= soil 
order ( a l f=O , ept=1 ) ,  PM= parent material ( granite=O , 
schist=1 ) ,  S L= sl ash ( tjha ) , SS= surface sand content ·( % ) , 
CL= surface clay content ( % ) , SO= solum depth ( em ) , 
WC= plant ava ilable water holding capac ity ( em) , 
P=precip itation (mm) . 

- - . 
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schist Inceptisol , and granitic Inceptisol soils . It was 

shown earl ie� that slash l evel s have a negative ef fect on 

understory product ion . A reduct ion in the slash level s  

would create a n  upward sh i ft in the predicted production 

l ine . This is  also illustrated by the models for the 

7 1  

individual vegetation classes ( Tabl e  1 0 ) . In these models , 

slash was found to be an important predictor . 

Some degree of co l l inearity exi sts among many o f  

the variables i n  these models , thus the true influence o f  

the variable is not always ref lected in its coeffic ient . 

In a l l  cases col l inearity was not excess ive , and the model 

R2 was substantially reduced by the el imination o f  a 

variab l e . An increase in basal area ( BA) , canopy cover 

( CC ) , and sl ash ( S L) , along with their polynomial 

components has a large negative influence on the predicted 

production of al l the mode l s . Precipitat ion is pos it ively 

rel ated to production , as expected , except . in the tota l 

product�on model . Plant ava i l able water ho lding capac ity 

interacts with the prec ip itat ion term in this model . Thi s  

re flects that soi ls  with larger water hold ing capacities 

are more e f ficient at preventing deep percolation . Thus , 

more water is ava ilable and the dependence of .large 

quantit ies of precipitation to regularly recharge the 

pro f i l e  is decreased . Parent material ( PM )  andjor soil 

order (0 )  are used as dummy variabl es in the graminoid and 



forb production models . The coe f f icients are pos itive for 

schist parent material and .negative for Inceptisols . Th is 

fol lows the trends in understory vegetat ion product ion by 

soil  types ( Table 9 ) . The phys ical soil factors , solum 

depth ( SD ) , surface clay content ( CL ) , and surface sand 

content ( SS )  are col l inear and the ir direct influence is  

not directly evident . 

7 2  

I t  would b e  impractical t o  adj ust forest management 

practi ces to individual s o i l s  because these so i l s  are 

intertwined at such a smal l scale . Adapting the models to 

soi l s  map units would provide adequately large areas for 

managerial purposes . Model s  based on soil mapp ing units 

can be integrated into the mul t iple-use management plans o f  

Custer State Park . Foresters and resource managers would 

be able to identi fy these soil map units in the soil survey 

report and by topographic relationships in the field . 

Table 1 1  presents the Buska and Mocmont map units 

and the compos it ion of individua l s o i l s  within them . The 

composition of a map un it varies within the l imits set for 

it . Soil  factors used to predict understory production 

should be flexible enough to re fl ect the variab il ity o f  the 

map unit . New values for the soil  factors wer� cal culated 

us ing the means of  the variable for individual soi l s . The 

new value was we ighted by the percentage o f  the map un i·t 

........ .. 
"...,...- ·.;: 



7 3  

Table 1 1 . Buska and · Mocmont soil  map units and percentage 
compos it ion by individua l soi l s  ( Ensz 19 8 7 ) . · 

Mapping Mapping unit and compos ition 
symbol 

BuE Buska-Rock outcrop complex 

BtE 

Buska 5 5  to 6 0  % 
Rock outcrop 3 5  to 4 5  % 
Inceptisols o to 2 0  % 

Buska-Mocmont-Rock 
Buska 
Mocmont 
Rock outcrop 
Inceptisol s 

outcrop complex 
3 5  to 4 0  % 
2 0  to 3 0  % 
2 0  to 3 0  % 
o to 15  % 

MsC Mocmont gravely l oam 

MtE 

RgG 

Mocmont 8 5  to 9 5  % 
Rock outcrop o to 5 % 
Inceptiso l s  0 to 1 5  % 

Mocmont-Rock outcrop complex 
Mocmont 5 0  to 6 5  % 
Rock outcrop 3 0  to 4 0  % 
Incept isols 0 to 2 0  % 

Rock outcrop-Buska complex 
Rock outcrop 4 0  to 5 0  % 
Buska 3 5  to 4 5  % 
Incept isols o to 1 5  % 

RkG Rock outcrop-Mocmont complex 
Rock outcrop 4 0  to 5 0  % 
Mocmont 3 5  to 4 5  % 

- rnceptisol s 0 to 2 0  % 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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each soil occupies . ' Min imum and maximum values were 

calculated using the extremes in the map unit compos ition 

( Table 12 , 1 3 , 14 , and 15 ) . 

When addit ional information about a management 

area is ava ilable , the soil factors can be adj usted 

accordingly . Speci fical ly , a more accurate estimate of  the 

percentage of rock outcrop in a management area guides the 

adj ustments . The l ogic and direction of adj ustment is as 

fol l ows : as the percent rock outcrop increases , the 

percentage of Inceptisols increase proportionally , and thus 

the ir influence on production increases . This  influence is 

expressed by a decrease in solum depth ( S D)  and plant 

ava i l ab l e  water ho lding capacity (WC )  factors , and an 

increase in the surface sand ( SS )  and soil order ( 0 )  

factors . Surface clay content ( CL)  is  reported only as the 

weighted mean because map unit composition did not dreate a 

measurable difference in the minimum and maximum values . 

Model ing Example 

Seasonal variation in the diets of deer and elk 

would determine which model , or set of models isjare 

appropriate for predict ing ava i l able forage . Elk consume 

large quantit ies o f  gramino ids , although shrubs are 

important especially for winter forage . For demonstrat ion 

purposes it is assumed that deer _ forage dominantly on 
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Tabl e  12 . Soil  factors for use i n  total understory 
production model s  based on soil map units . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Mapp ing 
Symbol 

BuE 

BtE 

MsC 

MtE 

RgG 

RkG 

Solum 
Depth 

( SD )  

surface 
Clay 
( CL) 

Plant Ava i lable Percent Rock-
Water Capac ity Outcrop 

(WC )  ( R) 

-- em - - -- % --- --- mm;mm -----

4 8 -6 0  7 . 8  8 . 6 4 -9 . 5 7 . 2 0- . 3 0 

6 6 -7 3  7 . 6  1 .  9 8 -8 .  8·o . 2 0- . 3 0 

8 4 -9 1  7 . 2  7 . 2 0 -7 . 7 7 o- . 5  

8 1-9 1  7 . 3  7 . 0 1-7 . 7 7 . 3 0- . 4 0 

5 9 -6 0  7 . 8  8 . 8 8 -9 . 5 7 . 4 0 - . 5 0 

8 1-9 1  7 . 3  7 . 0 1-7 . 7 7 . 4 0 - . 5 0 

Table 1 3 . Soil  factors for use in gramino id understory 
production model s  based on soil map units . 

Map 
Symbol 

BuE 

BtE 

MsC 

MtE 

RgG 

RkG 

S olum 
Depth 

( SD )  

Parent 
Material 

( PM )  

S o i l  
Order 

( 0 )  

Percent Rock­
Outcrop 

( R) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - �  

-- em --

4 8 -6 0  1 0 -0 . 2 0 . 2 0 - . 3 0 

6 6 -7 3  . 57 0 -0 . 1 5 . 2 0 - . 3 0 

8 4 -9 1  0 0 - 0 . 1 5 o- . 5  

8 1-9 1  0 0 -0 . 2 0 . 3 0 - . 4 0 

59 -6 0  1 0 -0 . 1 5 . 4 0 - . 5 0 

8 1-9 1  0 0 -0 . 2 0 . 4 0 - . 5 0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - -

w ·•-
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Table 14 . Soil  factors for use in forb understory 
production models based on soil map units . 

7 6  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Solum Surface Soil  Percent Rock-
Map Depth S and Order Outcrop 
Symbol ( SD )  ( S S )  ( 0 )  ( R) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - em - - - - - - % - - - -

BuE 4 8 - 6 0  4 9 -5 3  0 -0 . 2 0 . 2 0 - . 3 0 

BtE 6 6-7 3  5 1 -5 3  o - o . I"s . 2 0 - . 3 0 

MsC 8 4 -9 1  5 4  0 - 0 . 1 5 o - . 5  

MtE 8 1-9 1  5 4  0 -0 . 2 0 . 3 0 - . 4 0 

RgG 59 -6 0  4 9 -5 2  0 -0 . 15 . 4 0 - . 5 0 

RkG 8 1-9 1  5 4  0 -0 . 2 0 . 4 0 - . 5 0 

Table 15 . Soil  factors for use in shrub understory 
production model s  based on soil map units . 

Surface Surface Percent Rock-
Map Sand Clay outcrop 
Symbol ( S S ) ( CL )  ( R) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

BuE 4 9 -5 3  7 . 8  . 2 0 - . 3 0 

BtE 5 1-5 3  7 . 6  . 2 0 - . 3 0 

MsC 5 4  7 . 2  o- . 5  

MtE 5 4  7 . 3  . 3 0- . 4 0 

RgG 4 9 -5 2  7 . 8  . 4 0- . 5 0 

RkG 5 4  7 . 3  . 4 0 - . 5 0 

�,. .. -

. 



shrubs and forbs although graminoids make up a sign i ficant 

component of their diet ( Currie et al . 197 7 ) . The total 

understory production model would be most appropriate 

( tabl e  1 0 )  fbr predicting forage production for �eer . 

7 7  

A hypothetical , 3 2 5  h a  forest management area 

containing the following soil map units ( 2 0 0  ha BtE , 7 5  ha 

BuE , and 50 ha RkG ) wil l  be used in this �xample . The 

compos ition o f  each map unit i s  outl ined in Table 1 1 . 

" F ield observations " suggest that the Buska-Mocmont-Rock 

outcrop complex ( BtE ) has fewer rock outcrops than are 

typ ical for this map unit . Areas o f  the Buska-Rock outcrop 

complex ( BuE ) and the Rock outcrop-Mocmont complex ( RkG ) 

conta in a greater number o f  rock outcrops than these map 

units in other areas . These observations were used to 

adj ust the soil factors used in  the prediction model . 

S olum depth and plant ava i labl e  water holding capacity are 

adj usted upwards when the Rock outcrops percent is  low ,  and 

downwards a� the Rock outcrops percent increases . 

The critical precip i�at ion (April + May + June ) 

was assumed to be 2 9 0mm ( 5 3mm above average ) . It is l ikely 

that forest stand dens ities would be s imi lar within soil  

map units . Mean canopy covers are assumed to have been 

measured to be 4 0 % ,  6 0 % , and 2 0 % for the BtE , BuE , and 

RkG map units respectively . Bennett ' s  ( 1 9 8 4 )  canopy cover­

basal area model ( Eq .  [ 5 ] ) . converts the canopy cover 

··:.:.-



measurements to basal areas o f  7 4 , 1 1 4 , and 3 5  ft2;acre 

respectively for the BtE , BuE , and RkG map units . 

7 8  

Us ing the parameters set up for the management area 

above , total understory production can be predicted for 

each map unit ( Tabl e  1 6 ) . The total understory product ion 

model is  modi f ied to account for the percentage o f  Rock 

outcrops by reason that the outcrops do not produce 

understory vegetat ion . The mean total understory 

production of the management area is  calculated as mean 

production of the map un its we ighted by the hectares o f  

each s o i l  map unit . By working through this model , it is  

found that the hypotet ical management area has a mean 

understory production of 48 kgjha . Forest stand thinning 

could then be planned i f  it i s  des ired to improve the 

understory production in thi s  area . 



Table 1 6 . Work sheet for predicting total understory _ 
production o f  a hypothetical forest management 
area . 

7 9  

Total = [ 12 1 . 2 0  - 1 . 2 6 ( BA) - 1 . 0 9 ( S D )  - 7 . 8 7 ( CL)  + 2 9 . 0 6 ( WC ) · 
- 0 .  2 4  ( P ) ] ( 1 - R)  

= [ 12 1 . 2 0 - 1 . 2 6 ( 7 4 ) - 1 . 0 9 ( 7 2 ) - 7 . 8 7 ( 7 . 6 ) + 2 9 . 0 6  
( 8 . 7 5 ) - 0 . 2 4 ( 2 9 0 ) ) ( 1 - 0 . 2 1 )  

= 58 kg/ha 

= [ 12 1 . 2 0 - 1 . 2 6 ( 1 14 ) - 1 . 0 9 ( 5 0 )  - 7 . 8 7 ( 7 . 8 ) + 2 9 . 0 6 
( 8 . 7 0 )  0 . 2 4 ( 2 9 0 ) ] ( 1 - 0 . 2 8 )  

= 3 2  kgjha 

= ( 12 1 . 2 0 - 1 . 2 6 ( 3 5 )  - 1 . 0 9 ( 8 1 ) - 7 . 8 7 ( 7 . 3 ) + 2 9 . 0 6 
( 7 . 0 1 )  - 0 . 2 4 ( 2 9 0 ) ] ( 1  - 0 . 5 0 )  

= 3 2  kgjha 

Mean total understory producti on for the management � 

= [ ( BtE ) ha + ( BuE ) ha + ( RkG ) ha ]  1 3 2 5  ha 

= ( ( 5 8 ) 2 0 0 ha + . ( 3 2 ) 7 5 ha + ( 3 3 ) 5 0  ha ] 1 3 2 5  ha 

= 48 kglha 

BA =basal area ( ft21 a ) , S D  =solum depth ( em ) , 
CL =surface clay content ( % ) , we =pro f i l e  water holding 
capacity ( em) , P =critical  precip itation (rom) , 
R =percentage of Rock outcrops in a map unit . 

Bt� = Buska-Mocmont-Rock outcrop s o i l  map unit 
BuE = Buska-Rock outcrop comp l ex soil  map unit 
RkG = Rock outcrop-Mocmont complex so il map unit 

·::;... 
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SuMMARY AND CONCLUSIONS 

Soil characteri z ation �nd understory production o f  

maj or forest so ils  i n  the Precambrian crysta l l ine core area 

of Custer State Park were studied over three years . The 

s o i l s  investigated were the Buska and Mocmont series which 

developed from micaceous sch i st and gran ite parent 

materials respectively . Eutrochrept incl�s ion devel oped in 

both parent materials· were a l so investigated . 

Phys ical weathering is  the dominate force that acts 

on these soils . Disintegration o f  the sand fractions form 

a strong s i lt s i z e  population in the particle s i z e  

distribution . With advanced pedogenesis , clay is formed 

and i l luviated to subso il hori z ons where it accumulates as 

an argil l ic hori z on . 

Pedon mineralogy o f  the Buska series and its 

associated Inceptisols were class i fi ed as Micaceous 

throughout the profile . The Mocmont series and its 

associated Inceptisols general ly had Mixed mineralogy , but 

it did range from Micaceous to S i l iceous . The quartz �ich 

granitic soils are more coarse textured than the micaceous 

sch ist derived soi l s . 

Soil water holding capacity , which is  greatly 

influenced by soil texture , has a marked influence on 

understory product ion . S o i l  mineralogy was indirectly 

re lated to understory productivity . Al fisol s out-produce 

--. "' 
� . ....,-· .. 
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thei r  associated Inceptisol s i n  every vegetat ion category . 

Gramino id product ion is greatest on the schist derived 

soil s , whereas shrub product ion i s  greatest on the granit ic 

derived soil s . 

Canopy dens ity was found to have a negative 

influence on understory production . This suggests that 

forest stand thinning produces a release af fect for 

understory vegetation , much l ike it does for overstory 

growth . S lash left behind from thinning and timber 

harvest ing operations , suppresses the understory response 

to forest stand thinning . 

Multiple regress ion mode l s  for predicting 

understory production were devel oped us ing forest , 

cl imatic , and soil variables . These model s  were adapted to 

several soil map units in the study area . Being based on 

s o i l  map units , these model s  are suited for integrat ion 

into the multiple-use management plans of Custer State 

Park . Caution should be used when extrapol ating the model s  

t o  areas outside the park where d i f ferent forest manag_ement 

techniques have traditiona l ly been implemented or where 

divergent cl imatic condit ions exi st . 
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Table 1 7 . Site 1easu re1ents  of topographi c  and forest overstory factors . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Canopy Basa l 
Soil Aspect l levation Dens i ty Area s lash Date of 

Sites Types Degrees ( I -) Slope ( % ) sqft/a t/ha Thinning 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

CSP1 GA 3 4 0  1 6 3 1  12% 4 0  1 2 0  4 3 . 1 1 1 9 8 1  
CSP2 GA 55 1 6 3 1  1 4% 3 2  1 00 163 . 1 4 1 9 8 1  
CSP3 GA 85 1 5 42 1 2 %  2 0  2 0  49 . 94 1982  
CSP4 GA 83 1 5 4 8  1 4% 2 4  5 0  5 6 . 2 7 1 982  
CSP5 GA 1 1 0  1 5 4 5  1 7 %  4 0  1 2 0  56 . 35 1969 
CSP6 SA 75 1 5 5 1  22% 52 1 5 0  35 . 6 1  1 969  
CSP7 GA 40 1 585 28% 2 4  1 5 0  1 1 . 85 0/T 
CSP8 GA 42 - 1 5 85 3 0% 3 6  9 0  1 2 . 6 8 0/T 
CSP9 GA 4 0  1 6 0 0  2 7%  2 4  8 0  1 2 . 63 0/T 
CSP1 0  GA 1 4 5  1 542 18% 28  . 90  2 4 . 8 6 1 983  
CSPl l  GA 1 2 0  1 6 0 0  1 4%  3 0  80  3 3 . 3 2 1 982  
CSP 1 2  G I  1 3 5  1 6 0 3  81 3 2  9 0  1 74 . 39 1 9 8 2  
CSP 1 3  SI  28  1 646 1 1 %  1 1  20 1 1 4 . 28 1 9 8 1  
CSP 1 5  S I  4 5  1 6 4 0  1 3%  3 6  1 4 0  8 2 . 2 4 1 9 8 1  
CSP 1 6  SA 1 9 0  1 6 4 0  7 1  98  280  1 1 4  0/T 
CSP 1 7  G I  6 0  1 597 23% 20  50 4 3 . 1 1 0/T 
CSP 1 8  GI  80  1 597  32% 24 90  96 . 92 0/T 
CSP 1 9  GA 85 1 5 4 2  1 9% 1 2  3 0  1 06 . 87 1 982  . �  . 

� ....... ·�· 
CSP20 SA 5 0  1 542 2U 16  6 0  90 . 32 1 982  
CSP2 1 G! 1 1 0  1 548  1 6% 3 6  1 3 0  1 7 . 95 1 969 
CSP22 GI  145  1 545 30% 32 100 6 4 . 66 1968  
CSP23 GI  180  1 579  3 11  36  90  . 1 8 1 969 ·�"' 
CSP24 GA 1 8 0  1 5 7 2  27% 15 50 57 . 35 1969  
CSP25 GI  180  1 572 30% 3 2  1 3 0  3 4 . 93 1 9 6 9  
CSP26 GI  1 1 5 1 6 0 3  1 5% 2 1 0  4 .  4 4  1 982  
CSP28 GA 7 0  1 548 26% 32 1 10 4 4 . 95 1 9 69  
CSP29 GI  79  1 5 5 1  2 61 28  7 0  40 . 45 1 9 69  
CSP30  SI - 79  1545  20%  8 3 0  1 45 . 6 1 1 9 69  
CSP3 1 GA 3 0  1 63 4  1 0% 40  6 0  1 4 . 5 1 1 9 8 1  
CSP32 SI 1 6 0  1 622 1 1% 7 3  1 3 0  68 . 1 5 1 9 8 1  
CSP33  SI  1 35 1 6 1 8  2U 6 3  1 2 0  82 . 46 1 9 8 1  
CSP34 GI  300  1 622  6% 7 1  1 3 0  42 . 6 1 1 9 8 1  
CSP35 GA 85 1 548 33% 4 1  8 0  9 . 6 4 1 969  
CSP36 G! 1 05 1 5 48 33%  61  1 1 0  6 3 . 7  1 969  
CSP37 GI· 3 00  1 548  2% 52 1 00 46 . 3  1 9 68 
CSP38 GI 1 5  1 548  2% 27  20  92 . 8  1968  
CSP39 SI 335  1 664  2% 86 1 0 0  2 . 2 1 U/T 
CSP40  S I  345  1 66 4  1 5% 93 1 90 76 . 36 0/T 
CSP4 1  S I  45  1664  1 3% 28  3 0  6 0 . 1 1 1 98 1 
CSP42 SA 75 1 6 3 4  1 1% 4 9  1 3 0 3 1 . 39 1 9 8 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0/T unthinned forest  s tands 
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T ab l e  1 8 . W e i gh t e d  a v e r a g e  m i n e r a l ogy , g r a i n  c o unt 
p e r c e n t a g e s , a n d  c l a s s i f i c a t i on . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

PM -
S i t e #  O rd e r  S e r i e s  Q z  F s  M i  O t  C l a s s  
- - - - - - - - - - - - - - - - - - - - - - - - - -
C SP 1 GA M o c m o n t  
s u r fa c e  3 8  0 6 1  2 m i c a c e o u s  
s u b s u r f  4 1  0 5 7  3 m i c ac e o u s  
s u b s t ra t  X 
C SP 2  GA M o c m o n t  
s u r fa c e  2 5  0 7 4  1 m i c a c e o u s  
s ub s u r f  3 5  1 6 4  0 m i c a c e o u s  
s ub s t ra t  X 
C SP 3  G A  - M o c m o n t  
s u r fa c e  9 0  3 7 0 s i l i c e o u s  
s u b s u r f  8 8  3 8 0 m ix e d - HQ z  
s u b s t ra t  X 
C SP 4  G A  M o c m o n t  
s u r fa c e  9 3  4 4 0 s i l i c e o u s  
s u b s u r f  9 2  3 5 1 s i l i c e o u s  
s u b s t ra t  9 3  2 4 1 s i l i c e o u s  
C SP 5  G A  M o c m o n t  
s u r f a c e  5 1  3 4 4  2 m i c a c e ou s  
s u b s u r f  5 0  3 4 7  0 m i c a c e o u s  
s u b s t r a t  8 8  5 6 0 m i x e d - HQ z  
C S P 6  S A  Bu s k a  
s u r £ a c e  5 5  4 4 1  1 m i c a c e ou s  
s u b s u r f  4 4  2 5 3  1 m i c ac e o u s  
s u b s t r a t  1 8  0 8 2  0 m i c a c e o u s  

..- "' 
.. 

C S P 7  G A  M o c m o n t  
s u r f a c e  7 7  7 4 1 2  m i x e d - MQ z  
s u b s u r f  7 6  5 6 1 3  m i x e d - MQ z  
s u b s t r a t  7 4  3 .1 8 6 m i x e d - MQ z  
C SP 8  - G A  M o c m o n t  
s u r fa c e  9 3  2 4 1 s i l i c e o u s  
s u b s u r f  9 1  2 6 1 s i l i c e o u s  
s u b s t r a t  9 6  2 3 0 s i l i c e ou s  
C S P 9  G A  M o c m o n t  
s u r f a c e  4 5 3 5 1  2 m i c ac e o u s  
s u b s u r f  3 5  1 6 4  0 m i c a c e ou s  
s u b s t r a t  X 
C SP 1 0  GA M o c m o n t  
s u r f a c e  8 6  1 0  2 1 m i x e d - HQ z 
s u b s u r f  8 1  8 9 2 m i x e d - HQ z  
s u b s t r a t  8 2  8 9 1 m i x e d - HQ z  
C SP 1 1 GA M o c m o n t  
s u r f a c e  8 7  7 3 3 m i x e d - HQ z  
s u b s u r f  8 9  7 3 1 m i x e d - HQ z  
s u b s t r a t  X 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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T a b l e  1 8 . c o n t i n u e d . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

PM-
S i t e #  O rde r S e r i e s  Q z  F s  M i  Ot C l a s s  
- - - - - - - - - - - - - - - - - - - - - - - - - -

C S P 1 2  G I  
s u r f a c e  9 0  7 2 1 m i x e d - HQ z  
s u b s u r f  9 0  8 2 0 m i xed - HQ z  
s ub s t ra t  X 
C S P 1 3  S I  
s u r fa c e  1 4  1 8 5  0 m i c a c e o u s  
$ia Ub a u r f  1 0  0 ·9 0 0 m i c ac e o u s  

subs t ra t  X 
C SP 1 5  S I  
s u r fa c e  1 0  0 9 0  0 m i c a c e o u s  
s u b s u r f  7 0 9 3  0 m i c a c e o u s  
s ub s t ra t  X 
C SP 1 6  SA Bu s k a  
s u r f a c e  3 0 9 7  0 m i c a c e o u s  
s u b s u r f  2 7  1 7 1  0 m i c a c e o u s  
s ub s t r a t  1 0  0 9 0  0 m i c a c e o u s  
C SP 1 7  G I  
s u r fa c e  7 7  9 1 3  1 m i x e d - MQ z  
s u b s u r f  6 0  8 3 2  0 m i x e d - m i c a  

,., ..,..,...-r �: 

s u b s t rat X 
C SP 1 8  G I  
s u r f a c e  7 6  1 0  1 3  1 m i x e d � MQ z  
s u b s u r f  7 8  1 2  9 1 m i x e d - MQ z  

. . •  

s u b s t r a t  X 
C S P 1 9  GA M o c m o n t  
s u r fa c e  5 3  1 4 6  1 m i c a c e o u s  
s u b s u r f  5 2  3 4 5  0 m i c a c e o u s  
s ub s t r a t  X 
C SP 2 0  - SA Bu s k a  
s u r fa c e  2 3  (l 7 6  1 m i c a c e o u s  
s u b s u r f  1 2  (l 8 8  0 m i c a c e o u s  
s u b s t r a t  X 
C S P 2 1 GA M o c m o n t  
s u r f a c e  4 3  2 5 5  0 m i c a c e o u s  
s u b s u r f  7 4  1 0  1 5  1 m i x e d - MQ z 
s u b s t r a t  6 1  2 3 7  0 m i x e d - m i c a  
C S P 2 2 G I  
s u r f a c e  9 5  2 3 0 s i l i c e o u s  
s u b s u r f  X 
s u b s t r a t  X 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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T a b l e  1 8 . c o n t i n u e d . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

PM-
S i t e #  O r d e r S e r i e s  Q z  F s  M i  Ot C l a s s  
- - - - - - - - - - - - - - - - - - - - - - - - - -

C SP 2 3  G I  
s u r fa c e  8 2  1 2  6 0 m ix e d - HQ z  
s u b s u r f  8 3  1 0  7 0 m ix e d - HQ z  
sub s t r a t  X 
C SP 2 4  GA M o c mon t 
su r f a c e  8 7  1 0  3 0 m i x e d - HQ z  
s u b s u r f  8 5 · 1 2 · 4 0 m i x e d - HQ z  
s u b s t ra t  8 6  9 5 0 m i x e d - HQ z  

· c s P 2 5 G I  
s u r f a c e  8 5  1 0  4 1 m i x e d - HQ z  
s u bs u r f  7 8  1 5  7 0 m i x e d - MQ z  
s u bs t r a t  X 
C S P 2 6  G I  
s u r f a c e  7 9  9 1 1  (l m i xe d - MQ z  
s ub s u r f  7 7  9 1 3  1 m i x e d - MQ z  
s u b s t r a t  ·· X 
C SP 2 8  GA M o c m o n t 
s u r f a c e  8 5  6 7 2 m i x e d - HQ z  
s u b s u r f  7 9  6 1 4  1 m i x e d - MQ z  
s u b s t r a t  8 6  9 4 1 m i x e d - HQ z  

� ....... .... 

C S P 2 9  G I  
s u r f a c e  8 8  6 6 0 m i x e d - HQ z  
s u b s u r f  4 5  2 5 3  0 m i c a c e o u s  
s u b s t ra t  X 
C SP 3 0  S I  
s u r f a c e  1 3  0 8 6  0 m i c a c e o u s  
s u b s u r f  2 9  1 7 0  () m i c a c e o u s  
s u b s t r a t  4 6  2 5 2  1 m i.c a c e o u s  
C SP 3 1 - GA M o c m o n t 
s u r f a c e  3 3  (l 6 7  0 m i c a c e o u s  
s u bsu r f  9 5  1 4 (l s i l i c e o u s 
s ubs t r a t  X 
C S P 3 2 S I  
s u r f a c e  4 3  1 5 5  1 m i c a c e o u s  
s u b s u r f  2 2  1 7 7  () m i c a c e o u s  
s u b s t r a t  X 
C S P 3 3 S I  
s u r f a c e  4 3  1 5 5  1 m i c a c e o u s  
s ub s u r f  2 2  1 7 7  0 m i c a c e o u s  
s u b s t r a t  · X 
C SP 3 4  G I  
s u r f a c e  5 8  () 4 1  (l m i c a c e o u s  
s u b s u r f  4 1  () 5 8  0 m i c a c e o u s  
subs t r a t  X 
- - - - - - - - - - - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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T a b l e  1 8 . c o n t i n u e d . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
PM -

S i t e #  O rd e r  S e r i e s  Qz F s  M i  O t  C l a s s  
- - - - - - - - - - - - - - - - - - - - - - - - - -

C SP 3 5  GA M o c m o n t  
s u r fa c e  2 4  1 7 5  0 m i c a c e o u s  
s u b s u r f  6 5  2 3 3  0 m i x e d - m i c a  
s u b s t r a t  X 
C SP 3 6  GA M o c m o n t  
s u r f a c e  2 4 " 1 "  7 5  0 m i c a c e o u s  
s u b s u r f  6 5  2 3 3  0 m i x e d - m i c a  
s ub s t ra t  X 
C SP 3 7 G I  
s u r f a c e  8 8  7 4 0 m i x e d - HQ Z  
s u bs u r f  8 3  6 1 0  0 m i x e d - HQ z  
s ubs t r a t  X 
C SP 3 8  G I  
s u r fa c e  8 8  7 4 0 m i x e d - HQ z  
s ubs u r f  8 3  6 1 0  (l m i x e d - HQ z  
s ub s t r a t  X 
C S P 3 9  S I  
s u r f a c e  4 3  1 5 5  1 m i c a c e o u s  . .. 

s u b s u r f  3 1  (l 6 9  0 m i c a c e o u s  
� ......... ,;. 

s u b s t r a t  X 
C S P 4 0  S I  
s u r fa c e  4 3  1 5 5  1 m i c a c e o u s  . .  - " ,, 

s u b s u r f  3 1  (l 6 9  0 m i c a c e o u s  . 
s u b s t r a t  X 
C SP 4 1  S I  
s u r f a c e  2 3  1 7 6  (l m i c a c e o u s  
s u b s u r f  7 0 9 3  0 m i c a c e o u s 
s ub s t r a t  X 
C SP 4 2  SA Bu s k a  
s u r f a c e  2 7  0 7 1  1 m i c a c e o u s  
s u b s u r f  1 8  1 8 0  (l m i c a c e o u s  
s u b s t r a t  X 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Tab l e  19 . 19 8 4  understory production-soil mineral ogy 
correlat ion matrixes . 

Mineral -
ology Statist ic 

r 
AQz P>r 

n 

r 
AMi P>r 

n 

r 
BQ z P>r · 

n 

r 
BMi P>r 

CQz 

CMi 

n 

r 
P>r 

n 

r 
P>r 

n 

Total 

0 . 0 3 8 7 6  
0 . 8 4 4 8  
2 8  

- 0 . 0 2 4 6 7 
0 . 9 0 0 8  
2 8  

- 0 . 0 5 08 9  
0 . 8 0 1 0  
2 7  

0 . 0 7 19 9  
0 . 7 2 1 2 
2 7  

0 . 4 0 8 6 0  
0 . 2 12 1  
1 1  

- 0 . 4 1 1 9 6  
0 . 2 0 8 0  
1 1  

Grami­
noid 

- 0 . 0 6 0 5 6  
0 . 7 5 9 5  
2 8  

0 . 0 6 0 5 3  
0 . 7 5 9 6  
2 8  

- 0 . 0 3 2 57 
0 . 8 7 19 
2 7  

0 . 0 4 4 1 1  
0 . 8 2 7 1  
2 7  

0 . 1 9 0 7 0  
0 . 5 7 4 3  
1 1  

- 0 . 19 3 2 0  
0 . 5 6 9 2  
1 1  

Forb 
- -------

0 . 0 9 0 2 0  
0 . 6 4 8 1  
2 8  

- 0 . 0 58 2 3  
0 . 7 68 5  
2 8  

0 . 0 7 4 7 0  
0 . 7 1 1 1  
2 7  

-0 . 04 2 4 1  
0 . 8 3 3 6  
2 7  

0 . 3 7 4 3 8  
0 . 2 5 6 6  
1 1  

- 0 . 3 5 5 2 0 
0 . 2 8 37 
1 1  

Shrub 

0 . 0 7 3 2 0  
0 . 7 1 12  
2 8  

- 0 . 0 6 0 6 9  
0 . 7 5 9 0  
2 8  

- 0 . 0 7 9 1 1  
0 . 6 9 4 9  
2 7  

0 . 0 9 4 8 0  
0 . 6 3 8 1  
2 7  

0 . 4 0 3 5 6  
0 . 2 18 4  
1 1  

-0 . 4 14 4 2  
0 . 2 0 5 1  
1 1  

AQ z ,  AMi = surface quartz and mica percentages respect ively 
BQ z , BMi = subsurface quartz and mica percentages 

respectively 
CQ z , CMi = substratum quartz and mica percentages 

respectively 

r = correlation coefficient , P>r = probabil ity o f  a 
greater jrj , n = number o f  observations 

* indicate the l evel of s igni f icants 

; 



Table 2 0 . 1 9 8 5 understory production-soil mineralogy 
correlation matrixes . 

Mineral -
ol ogy Statistic Total 

r -0 . 0 7 6 2 9  
AQz P>r 0 . 6 3 9 9  

n 4 0  

r 0 . 0 8 4 6 1  
AMi P>r 0 . 6 0 3 7  

n 4 0  

r 0 . 0 5 8 4 2  
BQz P>r 0 . 7 2 3 9  

n 3 9  

r -0 . 0 2 8 1 3 
BMi P>r 0 . 8 6 5 0  

CQ z 

CMi 

n 3 9  

r 
P>r 

n 

r 
P>r 

n 

0 . 3 6 4 3 5  
0 . 2 7 0 6 
1 1  

- 0 . 3 5 9 5 0  
0 . 2 7 7 5  
1 1  

Grami­
noid 

- 0 . 2 8 8 9 8  
0 . 0 7 6 5 *  

. 4 0  

0 . 2 9 5 5 5  
0 . 0 6 4 1 *  
4 0  

- 0 . 1 1 7 5 2  
0 . 4 7 6 1  
3 9  

0 . 1 4 1 3 8  
0 . 3 9 0 6 
3 9  

0 . 1 8 1 9 7  
0 . 5 9 2 3  
1 1  

- 0 . 1 7 7 9 2  
0 . 6 0 07 
1 1  

Forb 

- 0 . 0 69 4 3  
0 . 6 7 0 3  
4 0  

0 . 0 7 5 5 5  
0 . 6 4 3 1  
4 0  

-0 . 0 1 5 2 3  
0 . 9 2 67 
3 9  

0 . 0 1 6 8 8  
0 . 9 1 8 8  
3 9  

0 . 2 6 7 7 7  
0 . 4 2 6 0 
1 1  

-0 . 2 6 6 6 6  
0 . 4 2 8 0  
1 1  

Shrub 

0 . 3 0 3 4 9  
0 . 0 5 6 9 * 
4 0  

-0 . 3 0 0 0 6  
0 . 0 5 9 9 * 
4 0  

0 . 2 7 1 0 1  
0 . 0 9 5 2 * 
3 9  

-0 . 2 5 5 2 9  
0 . 1 1 6 8  
3 9  

0 . 3 7 4 3 8  
0 . 2 5 6 7  
1 1  

� 0 . 3 6 9 5 8  
0 . 2 6 3 3  
1 1  

9 6  

AQz , AMi = surface quartz  and mica percentages respectively 
BQz , BMi = subsurface quart z  and mica percentages 

- respectively 
CQz , CMi = substratum quart z  and mica percentages 

respect ively 

r = correlation coefficient j P>r = probabil ity o f  a 
greater jrj , n = number o f  observat ions 

* indicate the level of s igni f icants 

. .  
�� .... �-' ... 
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Table 2 1 .  1 9 8 6  understory production-soil mineralogy 
correlat ion matrixes . 

Mineral -
ology Statistic Total 

r - 0 . 1 3 1 2 6  
AQz P>r 0 . 4 19 5  

n 4 0  

r 0 . 14 3 9 5  
AMi P>r 0 . 3 7 5 5  

n 4 0  

r 0 . 0 19 0 2  
BQz P>r 0 . 9 0 8 5  

n 3 9  

r 0 . 0 14 7 0  
BMi P>r 0 . 9 2 9 2  

CQ z 

CMi 

n 3 9  

r 
P>r 

n 

r 
P>r 

n 

0 . 3 6 8 0 9 
0 . 2 6 5 4  
1 1  

- 0 . 3 5 5 2 1 
0 . 2 8 3 7  
1 1  

Grami­
noid 

- 0 . 3 0 0 2 8  
0 . 0 5 9 7 *  
4 0  

0 . 3 0 9 9 5  
0 . 0 5 1 6 *  
4 0  

- 0 . 12 3 02 
0 . 4 5 5 6  
3 9  

0 . 1 4 9 13  
0 . 3 6 4 9  
3 9  

0 . 2 6 9 4 1  
0 . 4 2 3 1  
1 1  

- 0 . 2 5 0 4 6  
0 . 4 5 7 6  
1 1  

Forb 

0 . 0 0 0 19 
0 . 9 9 9 1  
4 0  

0 . 0 2 4 2 3  
0 . 8 8 2 0 
4 0  

0 . 1 0 2 0 3  
0 . 5 3 6 5  
3 9  

- 0 . 0 7 4 0 2  
0 . 6 5 4 3 
3 9  

0 . 4 4 4 5 1  
0 . 1 7 0 7  
1 1  

- 0 . 4 2 7 7 7 
0 . 1 8 9 4  
1 1  

Shrub 

0 . 2 2 6 6 2  
0 . 1 5 9 7  
4 0  

- 0 . 2 2 2 5 4 
0 . 1 6 7 5  
4 0  

0 . 2 1 1 8 5  
0 . 1 9 5 4  
3 9  

- 0 . 1 9 4 4 9  
0 . 2 3 5 5 
3 9  

0 . 3 8 1 5 0  
0 . 2 4 7 0  
1 1  

� 0 . 3 7 3 1 1 
0 . 2 58 4  
1 1  

AQz , AMi = surface quartz and mica percentages respe-ct ively 
BQz , BMi = subsurface quart z  and mica percentages 

- respectively 
CQz , CMi = substratum quart z  and mica percentages 

respect ively 

r = correlation coe ffic ient , P>r = probabil ity of a 
greater jrj ,  n = number o f  observat ions 

* indicate the level of s igni ficants 

. .  �-- ' 

. . •  
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T ab l e  2 2 . 1 9 8 4  m e an unde r s t o ry p r o du c t i o n ( k g/ha ) 
by v e ge t a t i on c l a s s e s . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

s i t e  # g r am i n o i d s, f o rbs s h rubs t o t a l 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C SP 1 9 1 . 5 1 8 . 7 2 0 1 0 0 . 2 3 
C SP 2  3 9 . 4 5 0 6 . 8 3 4 6 . 2 8 
C S P 3  9 . 6 3 5 4 . 6 8 1 1 0 . 4 9 1 7 4 . 8  
C S P 4  1 0 3 . 8 1 6 4 . 2  1 3 1 . 6 9 2 9 9 . 7  
C S P 5  1 5 . 8 8 0 0 1 5 . 8 8 
C S P 6  2 0 . 1 3 0 0 2 0 . 1 3 
C SP 7  2 6 . 5 9 2 6 . 2 1 9 4 . 6 4 1 4 7 . 4 4 
C S P 8  1 7 . 9 2 3 . 2 3 6 . 5 7 2 7 . 7 2 
C SP 9  8 . 7 7 7 . 6 4 1 7 7 . 2 8 1 9 3 . 6 9 
C SP 1 0  1 1 6 . 0 3 1 5 . 8 8 6 . 3 5 1 3 8 . 2 6 
C SP 1 1 3 1 . 5 4 2 . 2 6 0 3 3 . 8  
C SP 1 2  0 0 0 0 
C SP 1 3  4 6 . 2 3 0 0 4 6 . 2 3 
C S P 1 5  2 3 . 6 3 0 0 2 3 . 6 3  
C SP 1 6  0 0 0 0 
C S P 1 7  3 0 . 5 7 1 0 . 5 5 1 1 8 . 1 8 1 5 9 . 3  
C S P 1 8  0 0 0 0 
C SP 1 9  7 9 . 3 8 6 7 . 3 3 2 0 6 . 5  3 5 3 . 2 1 
C SP 2 0 5 6 . 4  6 0 . 0 6 2 3 6 . 3 7 3 5 2 . 8 3 
C SP 2 1 5 . 4 9 3 . 3 9 0 8 . 8 8 
C SP 2 2  3 0 . 4 1 4 . 6 8 2 6 . 9 1 6 2  
C SP 2 3 6 . 7 3 0 1 2 . 3 2 1 9 . 0 5 
C SP 2 4 4 3  2 . 1 5 0 4 5 . 1 5 
C SP 2 5 0 0 0 0 
C SP 2 6  2 0 0 . 6 9 8 . 8 8 1 4 8 . 7  3 5 8 . 2 7 
C S P 2 8 2 0 . 7 7 2 . 0 5 1 0 7 . 4 2 1 3 0 . 2 4 
C S P 2 9 1 6 . 3 1 0 8 7 . 0 8 1 0 3 . 3 9 
C S P 3 0 1 3 2 . 6 1 0 0 1 3 2 . 6 1 
C S P 3 1 
C SP 3 2 
C S P 3 3 
C SP 3 4  
C SP 3 5  
C SP 3 6  
C SP 3 7  
C SP 3 8  
C SP 3 9  
C S P 4 0  
C S P 4 1 
C SP 4 2  

9 9  

. .  
...

...... .. "-11 ·,, 



T ab l e  2 3 . 1 9 8 5  m e a n  u n d e r s t o ry p rodu c t i o n ( k g / h a ) 
by vege t a t i on c l a s s e s . 

s i t e  # 

C SP 1 
C SP 2  
C S P 3  
C SP 4  
C SP 5  
C SP 6  
C SP 7  
C SP 8  
C S P 9  
C SP 1 0  
C SP 1 1 
C SP 1 2  
C SP 1 3  
C SP 1 5  
C SP 1 6  
C SP 1 7  
C SP 1 8  
C SP 1 9  
C SP 2 0  
C SP 2 1 
C SP 2 2· 
C SP 2 3 
C SP 2 4  
C SP 2 5  
C S P 2 6  
C SP 2 8  
C S P 2 9 
C S P 3 0  
C S P 3 1 
C S P 3 2 
C S P 3 3  
C S P 3 4 
C SP 3 5  
C SP 3 6  
C S P 3 7  
C S P 3 8  
C S P 3 9  
C SP 4 0  
C SP 4 1 
C SP 4 2  

g ram i no i d s  f o rb s  

6 5 . 1 2 
4 2 . 5 2 
3 . 7 7 
3 3 . 3 7 
0 
7 
3 . 2 3 
. 0 5 
. 4 8 
2 6 . 9 1 
4 0 . 9  
4 . 3 1 
8 . 0 7 
5 . 2 2 
0 
4 . 9  
0 
4 0 . 9  
4 0 . 3 6 
2 . 0 5 
4 . 5 7 
0 
7 
0 
3 3 . 9 1 
4 . 0 4 
5 . 9 2 
2 2 . 0 7 
3 8 7 . 4 9 
1 8 . 7 8 
0 
1 8 . 6 7 
5 . 3 8 
1 . 9 4 
. 9 1 
1 5 . 6 1 
. 3 8 
7 . 3 2 
2 8 0 . 3 9 
3 3 4 . 7 5 

2 . 9 1 
. 3 8 
. 3 8 
1 0 . 2 3 
1 . 8 8 
0 
1 5 . 6 1 
1 . 0 8 
. 1 6 
1 . 6 1 
0 
0 
0 
0 
0 
1 . 5 1 
0 
5 7 . 5 9 
1 0 . 2 3 
3 . 2 3 
0 
0 
0 
0 
1 . 8 8 
. 1 6 
. 1 6 
1 . 7 8 
1 1 . 8 4 
0 
0 
0 
. 3 8 
0 
0 
0 
0 
0 
1 1 . 8 4 
4 . 5 7 

s h rubs 

0 
0 
8 5 . 0 3  
1 1 6 . 7 9 
0 
0 
5 5 . 4 3 . 
1 . 1 3 
1 3 9 . 3 9 
5 . 9 2 
0 
1 7 4 . 3 9 
0 
0 
0 
8 9 . 8 8 
0 
1 3 . 3 5 
5 7 . 5 9 
0 
1 6 . 6 8 
0 
0 
0 
1 1 1 . 4  
5 3 . 8 2 
1 0 3 . 3 3 
1 0 . 8 7 
0 
0 
0 
0 
1 6 6 . 3  
0 
2 1 9 . 5 8 
1 2 8 . 6 3 
0 
0 
8 . 2 9 
0 

t o t a l 

6 8 . 0 3 
4 2 . 9  
8 9 . 1 8 
1 6 0 . 3 9 
1 . 8 8 
7 
7 4 . 2 7 
2 . 2 6 
1 4 0 . 0 3 
3 4 . 4 4  
4 0 . 9  
1 7 8 . 7  
8 . 0 7 
5 . 2 2 
0 
9 6 . 2 9 
0 
1 1 1 . 8 4 
1 0 8 . 1 8 
5 . 2 8 
2 1 . 2 5 
0 
7 
0 
1 4 7 . 1 9 
5 8 . 0 2  
1 0 9 . 4 1 
3 4 . 7 2 
3 9 9 . 3 3 
1 8 . 7 8 
0 
1 8 . 6 7 
1 7 2 . 0 6 
1 . 9 4 
2 2 0 . 4 9 
1 4 4 . 2 4 
. 3 8 
7 . 3 2 
3 0 0 . 5 2 
3 3 9 . 3 2 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1. 0 0 

. .  ,. 
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T a b l e  2 4 . 1 9 8 6  m e a n  u n d e r s t o ry p ro du c t i on ( k g / h a ) 
by v e g e t a t i o·n c l a s s e s . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

s i t e  # g ram ino i d e  fo r b s  s h ru b s  to t a l  
- - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C SP 1 4 5 . 4 2 0 0 4 5 . 4 2 
C SP 2 9 5 . 2 6 0 0 9 5 . 2 6 
C S P 3  6 . 2 4 5 3 . 8 7 1 1 8 . 1 3 1 7 8 . 2 4 
C SP 4  1 4 4 . 4 5 3 1 . 8 1  2 7 2 . 5 9 4 4 8 . 8 5 
C S P 5  3 . 9 8 0 0 3 . 9 8 
C S P6 2 0 . 0 7 0 0 2 0 . 0 7 
C S P 7  1 1 . 0 3 1 3 . 7 2 1 3 3 . 6 8 1 5 8 . 4 3 
C S P 8  2 . 8 5 4 . 0 4 3 . 2 8 1 0 . 1 7  
C SP 9  0 2 . 4 8 2 9 2 . 8 2 2 9 5 . 3  
C SP 1 0  7 0 . 1 8 5 . 9 2 4 1 . 3 3 1 1 7 . 4 3 
C SP 1 1 1 9 . 6 4 0 0 1 9 . 6 4 
C SP 1 2  0 0 0 0 
C S P 1 3  2 3 . 9 5 0 0 2 3 . 9 5  
C SP 1 5  5 0 . 0 5 2 . 5 3 0 5 2 . 5 8 
C S P 1 6  1 . 5 1 0 0 1 . 5 1 
C S P 1 7  2 . 2 6 1 5 . 6 6 1 6 2 . 3 7 1 8 0 . 2 9 
C S P 1 8  1 9 . 7 5 3 . 1 2 (l 2 2 . 8 7 
C S P 1 9  1 7 5 . 1 2 6 5 . 8 2 7 0 . 1 8  3 1 1 . 1 2  
C SP 2 0  7 8 . 9 5 4 5 . 3 7 1 0 5 . 8 6 2 3 0 . 1 8 
C SP 2 1 2 . 2 6 1 . 7 2 2 . 9 6 6 . 9 4 � ... ,. ··: ..... �-'1 ·�· 

C S P 2 2  9 . 2 6 0 2 4 . 6 5 3 3 . 9 1 
C SP 2 3  2 . 6 9 1 . 0 2  () 3 . 7 1 
C SP 2 4  9 . 9 6 9 . 0 4 0 1 9  
C SP 2 5 0 0 0 0 . . 

C SP 2 6  7 7 . 1 2 2 . 9 1 2 . 8 1 8 2 . 8 4 
C SP 2 8  9 . 0 4 3 . 1 8 7 3 . 3 8 5 . 5 2 
C SP 2 9 5 . 7 6 () 7 3 . 1 9  7 8 . 9 5 
C SP 3 0 3 3 . 7 4 3 . 7 7 5 . 2 2 4 2 . 7 3 
C SP 3 1 5 6 9 . 9 3 4 0 . 6 9 0 6 1 0 . 6 2 
C SP 3 2 8 . 5 6 . 2 2 0 8 . 7 8 
C S P 3 3 2 9 . 0 6  0 0 2 9 . 0 6 
C SP 3 4  7 . 2 1 0 0 7 . 2 1 
C SP 3 5  3 5 . 6 3 5 . 3 8 2 2 5 . 8 7 2 6 6 . 8 8 
C SP 3 6  . 8 1 0 0 . 8 1 
C S P 3 7  1 . 7 8 0 1 9 4 . 2 3 1 9 6 . 0 1 
C SP 3 8  4 1 . 3 9 0 1 9 4 . 2 3 2 3 5 . 6 2 
C SP 3 9  2 . 9 6 () 0 2 .  9.6 
CS P 4 0  0 0 () 0 
C S P 4 1 4 6 3 . 5 3 1 9 . 3 7 5 . 9 7 4 8 8 . 8 7 
C S P 4 2  4 2 7 . 8 5 1 2 . 4 3 0 4 4 0 . 2 8 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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F ig . 17 . General map o f  the work area (W# ) locat ions in 
the Precambrian core area of custer state Park . 
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Table 2 5 . Location o f  work �reas on Fig . 17 o f  the 
precambrian core area o f  Custer State Park . 

' 1 0 4  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - � - - - - - - - - - - - - - - - - - - -

Work Legal description o f  area location 
area 
- - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

W1 SE 1/4 ,  NE 1/4 ,  Sec 1 2 , T 3 S , R5E 
W2 NE 1/ 4 ' NE 1/4 ' Sec 1 ,  T 3 S , R5E 
W3 SE 1/4 ,  NW 1/ 4 ' Sec 1 ,  T 3 S , R5E 
W4 NW 1/4 ' sw 1/ 4 ,  Sec 1 1 , T 3 S , R5E 
W5 NW 1/ 4 ' SE 1/4 ,  Sec 1 1 , T 3 S , R5E 
W6 SE 1/4 ,  SE 1/ 4 ,  Sec 2 ,  T3 S ,  R5E 
W7 NW 1/ 4 ,  NE 1/4 ' S ec 3 5 , T 3 S , R5E 
ws SE 1/4 ,  sw 1/4 ,  Sec 2 6 , T3S , R5E 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Work area and s ite location directions 

Trees or other obj ects that serve as beginning 

markers for a work area are marked on the maps with circles 

or squares . In the field these are marked with orange 

paint , an�jor orange and l ime green nylon tape . S ites are 

marked on the maps with a cross and identi fied by CS P 

fol l owed by a number . S ites are actual ly transects that 

run a l ong the slope contour . In the field transects are 

marked with orange or red wood stake . The top o f  each 

stake is marked with an arrow that po ints to the other end 

o f  the transect . S ites with in a work area are l ocated 

sequent ially . The compass bearing from one s ite to the 

next is marked on the map nearest the s ite the direct ion i s  

be ing shot from . Di stances were paced off , and thus are 

only approximate . 

Direct ions to work areas are presented sequent ially 

from Wl to W8 . The starting point is  the intersection 
-

where ALT 1 6  ( west ) and HWY 8 7  ( north ) separate in the SW 

1/ 4 ,  SW 1/ 4 ,  Sec . 19 , T 3 S , R6E . 

W1 . Work area one i s  in Norbeck Draw , 4 . 1  miles 

north on HWY 8 7  from the starting po int . Turn l e ft ( SW )  on 

the logging trail (which is not wel l marked ) into Norbeck 

Draw . Proceed 0 . 3 miles on this  tra i l  to the fork in the 

intermittent stream that thi s  tra i l  fol lows . Re fer to Fig . 

18  for individual site locat i ons . 



W2 . Return to HWY 8 7 . Continue north 1 . 3  miles to 

the intersection marked for Camp Remington. and I ron Creek . 

Turn right ( N ) , 0 . 1  miles to the gravel pit on the right . 

Head east through grave.l pit , 0 .  6 miles on the logging 

tra il . R� fer to Fig . 1 9  for individual site locations . 

W3 . Return to HWY 8 7 . Continue north ( to the 

right ) 0 . 1  to the next l e ft ( SW ) . This location is across  

the road to  the north . The starting point i s  the stop s ign 

at this intersection ( Fig . 2 0 ) . 

W4 . Proceed SE on thi s  gravel road 1 . 9  miles to 

W4 . The beginning point for thi s  area is  a tree right on 

the edge of the road marked with orange and l ime green 

fl agging ( Fig . 2 1 ) . 

W5 . Turn around and go 0 . 7  miles back toward. HWY 

8 7 . Take the steep l ogging t·ra i l  to the right ( E )  

( vegetation may have overgrown i t  near the gravel road ) 0 . 3  

miles to where it intersects another logging tra i l . S ee 
-

F ig . 2 2  for individual s i te l ocations . 

W6 . Return to the gravel road and cont inue towards 

HWY 87 0 . 9  miles . Work area s ix is  in the Draw to the left 

(W ) . The beginning o f  W6 is  a sma l l  culvert .that runs 

under the road . See Fig . 2 3  for individual s ite locations . 

W7 . Return to HWY 8 7  and turn right ( S ) . Head 

back to starting point . Cont inue 2 . 2  miles past the 

start ing po int ( past Legion Lake ) to where HWY 8 7  ( south ) 

.. . . . .  ' 
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and ALT 1 6  (west ) separate . Continue on HWY 8 7  ( south ) 

0 . 7 5 mi l es . Take the logging road right j ust be fore the 

switch back on HWY 8 7 -. The steep trail  has been replaced 

by a new road that fol lows the s l ope contour a better . See 

F ig .  2 4  for individual s ite l ocations . 

W8 . Continue along the l ogging road to where it 

intersects two other roads . Take the road to the . right and 

see Fig . 2 5  for s ite locations . 
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Fig . 19 . S ite location · map for work are two (W2 ) 
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Fig . 2 0 . s ite l ocation map for work area three ( W3 ) 
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Fig . 2 1 . S ite l ocation map for work area four (W4 ) 
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F ig . 2 2 . S ite l ocation map for work area five (W5 ) 

' 1 1 2 



CSP18 1 5 3' 
CSPI 

200' N90W 

'\ " 
• 

• 

~ 

Fig . 2 3 . S ite location map for work area s ix (W6 ) 
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Fig. 2 4 . Site location map for work area seven (W7 ) 
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Table 26 . Se lected cheaical and physical  properties . 
------ --- - - - - - - -- - -- - - -- - -- - -- - - -- - - - - - - - - - - - - - ------- - -- -- - - - - - -- -----

Depth 
Site I ( Cl ) Horizon 

- - ---- - -
CSP1 0 T 8 A/K 
CSP1 8 T 3 1  K 
CSP1 3 1  T 6 1  Bt 
CSP1 61 T 7 9  c 
CSP2 0 T 5 A . 
CSP2 5 T 36 K 
CSP2 3 6  T 56 B/K 
CSP2 56 T 74 Bt 
CSP2 74  T 1 0 0  c 
CSP3 0 T 8 A/K 
CSP3 8 T 3 3  i 
CSP3 33 T 46 Bt l 
CSP3 46 T 54 Bt2 
CSP3 54 T 67 c 
CSP4 0 T 5 A/i 
CSP4 5 T 30 i 
CSP4 30 T 56 B/i 
CSP4 56 T 77 Btl 
CSP4 77 T 95 Bt2 
CSP4 95 T 1 2 3  c 
CSP5 0 T 5 A/K 
CSP5 5 T 3 3  K 
CSP5 33  T 49 B/K 
CSP5 49 T 9 0  Bt l 
CSP5 _ 90  T 1 1 8  Bt2 
CSP5 1 18 T 1 4 1  C 
CSP6 0 T 5 A/K 
CSP6 5 T 28 K 
CSP6 28 T 4 1  B/K 
CSP6 4 1  T 59 Btl  
CSP6 59 T 74 Bt2 
CSP6 74  T 1 54  2C  
CSP7 0 T 5 A/K 
CSP7 5 T 20 K/B 
CSP7 2 0  T H B/K 
CSP7 44  T 74 Bt l 
CSP7 74  T 1 0 2  Bt2 
CSP7 102 T 148 C 

pH 
Texture ( 1 :  1 )  
- -- - ---- - - - - -- -
SL/L 5 , 2  
SL  4 . 8  
SL 4 . 8  
s 4 . 8  
S iL  5 
L 5 . 3  
L/SiL 4 . 8  
L/CL 4 . 8  
L 4 . 8  
SL 5 
SiL  4 . 5  
CL 4 . 5  
SCL 4 . 5  
SL 4 . 6  
L 5 . 4  
SL 5 . 2  
L 4 . 5  
SiCL 4 . 5  
CL 4 . 5  
L 4 . 6  
L 5 . 1  
SL 5 . 2  
CL 5 . 3  
L/CL  6 . 2  
L 5 . 5  
s 6 
L 5 
SiL  5 . 2  
CL 5 . 2  
CL 5 . 2  
L 5 . 2  
s 5 . 6  
L 4 . 6  
SiL  5 . 6  
SL 5 . 6  
CL 5 . 4  
S iCL/CL 5 . 6  
SL 5 . 8  

( % ) Water Content 
Organ ic : ---- II -- -- : 
Carbon . 03MPa 1 .  5MPa 
-- - -- - -- --- - -- -

8 . 30 . 1 8 . 07 
. 80 . 1  . 02 
. 43 · . 1 1  . 03 
. 1 1 . 0 3 . 0 1 
6 . 8 1  . 25 . 09 
. 74 . 15 . 02 
. 59 . 1 9 . 07 
. 59 . 1 5 . 07 
. 2 1 . 1 4 . 07 
6 . 6 0 . 1 7 . 07 
. 80 . 1 1 . 02 
. 59 . 1 5 . 07 
. 5 3 . 1 2 . 06 
1 .  28 . 08 . 0 4 
1 1 . 49 . 25 . 1 1 
. 37 . 09 . 0 2 
. 48 . 1 4 . 07 
. 48 . 1 9 . 1  
. 48 . 1 7 . 09 
. 5 9 . 1 4 . 07 
8 . 5 1 . 22 . 08 
1 .  7 0  . 1 1 . 0 3 
1 .  0 1  . 1 6 . 09 
. 37 . 1 4 . 07 
. 2 1- . 1 3 . 07 
. 05 . 0 2 . 0 1 
6 . 8 1 . 2 1 . 08 
. 90 . 1 4 . 05 
. 85 . 1 9 . 1 1 
. 43 . 1 7 . 09 
. 37 . 1 4 . 08 
. 05 . 04 . 0 2 
1 4 . 0 4 . 1 1 . 09 
1 . 44 . 1 4 . 06 
. 90 . 1 6 . 09 
. 9 6 . 1 6 . 09 
1 .  06  . 1 5 . 09 
. 2 1  . 09 . 0 5 

- - - ----- - - - -- - - - -- - - -- - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - -- - -- - - - - - - - - - - -

· 1 1 7  

. .. 
: .. _ ........ ·�· 

. . .. ' 
. . . 



Table 26 . Cont inued . 
--------------------- - - - - - - - - - - - - - - - - - - - - - - - - - ----- -- - - - - - - - - - -- --------

Depth 
Site I ( Cl ) Horizon 
- ---- - --------
CSP8 0 T 5 A/K 
CSP8 5 T 26 K 
CSP8 26 T 49 B/K 
CSP8 49 T 74 Bt l 
CSP8 74 T 97 Bt2 · 
CSP8 97 T 1 18 c 
CSP9 0 T 5 A/K 
CSP9 5 T 28 K 
CSP9 28 T 44 Bt l 
CSP9 44  T 5 1  Bt2 
CSP9 51 T 79 CB 
CSP9 79 T 92 c 
CSP 10  0 T 8 A 
CSP1 0  8 T 3 0  K 
CSP 1 0  30 T 5 6  K/B 
CSPl O  56 T 100 Bt l 

· CSP 1 0  1 00  T 1 33 Bt2 
CSP 1 0  1 3 3  T 1 4 8  BC 
CSP 1 0  1 4 8  T 1 6 6  C 
CSP 1 1  0 T 5 A/K 
CSP 1 1  5 T 2 0  K 
CSP 1 1  2 0  T 4 1  8/K 
CSP l l  4 1  T 82 Bt 
CSP 1 1  8 2  T c 
CSP 1 2  _ 0 T 5 A/K 
CSP 12  5 T 23 K 
CSP 1 2  2 3  T 36  B/K  
CSP 12  36 T 67 Bw 
CSP 12  67 T 7 4  c 
CSP 1 3  0 T 3 A 
CSP 1 3  3 T 3 0  !/K 
CSP1 3  · 30 T 36 BK 
CSP 1 3  36 T 5 1  Bw 
CSP 1 3  5 1  T 5 9  BC 
CSP 1 3  59 T 6 9  c 
CSP 1 5  0 T 3 0  !/K 
CSP 1 5  3 0  T 4 9  K 
CSP 1 5  49 T 6 7  Bw 
CSP 1 5  6 7  ( 74  BC 
CSP 15  7 4  T 90 c 

pH 
Texture ( 1 :  1 )  
-- - - - - - - - - - -- - -
SL  4 . 7  
S iL  4 . 9  
CL/SiCL 5 
CL/L 5 . 3  
SL  5 . 5  
LS 6 
SL · 4 . 8  
SL 5 . 2  
LS 5 . 1  
LS 5 . 2  
LS 5 . 4  
LS/S 5 . 4  
SL 5 . 1  
SL/SiL 5 . 3  
SiCL 5 . 3  
CL/L 5 . 4  
L 5 . 6  
L 5 . 8  
L 5 . 8  
SL 5 . 4  
SL 5 . 1  
SL 4 . 7  
SL 4 . 7  
SL 5 
L 4 . 6  
SL 4 . 9  
LS 5 
LS 5 . 2  
s 5 . 2  
L 5 . 1 
SL 4 . 8  
SL/LS 4 . 7  
LS 4 . 7  
LS 4 . 6  
LS/S 4 . 8  
SL 4 . 9  
LS 5 . 2  
LS 5 . 3  
s 5 . 5  
s 6 . 9  

( ' ) Water Content 
Organ ic : - - - - II --- - - : 
Carbon . 03tPa 1 . 5tPa 
- - - ----- - - - - - - - - - - - - - -- -

2 . 98 . 1 2 . 04 
1 . 65 . 1 3 . 04 
1 .  3'8 : 19 . 08 
. 48 . 1 2 . 07 
. 27 . 08 . 03 
. 2 7 . 03 . 0 1  
1 0 . 64 . 2 1 . 1 1 
1 . 1 7 . 1 3 . 0 3 
. 74 . 09 . 03 
. 48 . 09 . 05 
. 53 . 09 . 04 
. 2 1 . 08 . 04 
t 26 . 1 1 . 05 
0 . 09 . 0 3 
. 85 . 1 7 . 09 
. 43 . 1 6 . 07 
. 3 2 . 1 3 . 06 
. 2 1 . 09 . 05 
. 05 . 08 . 06 
1 3 . 62 . 2 2 . 1 2 
1 .  6 5  . 09 . 0 3 
. 74 . 08 . 0 4 
. 48 . 09 . 05 
. 43 . 05 . 03 
1 4 . 47 . 3 1 . 1 8 
1 .  2 2  . 1  . 0 3 
. 64 . 06 . 0 3 
. 2 1 . 04 . 02 
. 37 . 0 4 . 0 1  
2 0 . 43  . 42 . 22 
. 37 . 1 1 . 02 
. 43 . 1 2 . 02 
. 32 . 06 . 02 
. 27 . 05 . 02 
. 1 1 . 03 . 0 1 
. 7 4 . 1 1 . 02 
. 1 1 . 07 . 02 
. 05 . 06 � 0 3 
0 . 0 4 . 02 . 

. 2 1 . 0 2 . 0 1 

- - - - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - -- - - - - - - - - - -

· 1 1 8  

"' 
-· · 

. . ... 



Table 26 . Continued . 
- - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - -- - - - - - - - - -

Site J 

CSP 1 6  
CSP 1 6  
CSP16 
CSP1 6  
CSP1 6  
CSP 1 7  
CSP 17  
CSP 17  
CSP18  
CSP 1 8  
CSP 1 8  
CSP1 9  
CSPl�  
CSP 1 9  
CSP1 9  
CSP 1 9  
CSP 1 9  
CSP20 
CSP20  
CSP20 
CSP21 
CSP2 1 
CSP2 1 
CSP2 1  
CSP2 1  
CSP 2 1  .. 
CSP22 
CSP2 2 
CSP22 
CSP23 
CSP23 
CSP23 
CSP23 
CSP24 
CSP24  
CSPH 
CSP24 
CSP24  
CSP2 4 
CSP24 

Depth 
( Cl ) 
- - - - - - - -

0 T 2 8  
2 8  T H 
4 4  T 67 
6 7  T 90 
9 0  T 138 
0 T 5 
5 T 18  
1 8  T 54 
0 T 5 
5 T 1 3  
1 3  T 26 
0 T 5 
5 T33  
3 3  T 49 
49 T 6 1  
6 1  T 72  
7 2  T 87  
0 T 18  
1 8  T 4 1  
4 1  T 63  
0 T 5 
5 T 2 8  
2 8  T H 
H T 84  
84  T 1 1 5  

pH 
Horizon Texture ( 1 : 1 ) 
- - - - - - - - - - - - - - - - - - - - - -
K L/SL 5 . 7  
8/i SiCL  5 

Bt CL 4 . 6  
BC LS 5 
c 5/LS 5 
A . SL 4 . 7  

Bw SL/LS 4 . 4  
Cr  s 4 . 4  
A/K L 4 . 3  

Bw SL 5 
c SL 5 . 1 

A/K L 4 . 8  

K L/SL 4 . 9  
8/K CL/L 4 . 5  

Bt CL/L 4 . 5  

BC SL 4 . 8  
c LS 5 
A/K SL 4 . 9  

Btl SL 4 . 7  

Bt2 SL 4 . 5  

A/K SL 4 .  ·4 

K SL 4 . 4  
B/K SL 4 . 8  

Bt SL 4 . 8  

BC SL  4 . 9  

1 15 T 1 4 1  C LS 5 . 1  

0 T 5 !/K SL  4 . 8  

5 T 1 0  Bw LS/SL 4 . 6  

1 0  T 1 8  c LS/SL 4 . 5  

0 T 5 !/K L 4 . 6  

5 T 20  K SL 4 . 6  

2 0  T 3 0  Bw LS 4 . 9  

30  T 46 c LS 5 

0 T 8 !/K L 4 . 6  

8 T 2 8  K L 4 . 8  

28 T 3 8  8/K SL 4 . 9  

38 T 6 1  Bw l SL/LS 5 . 2  

6 1  T 8 7  Bw 2 SL 5 . 3  

87 T 1 3 8  BC SL 5 . 5  

138 T 1 6 1  C SL 5 . 7  

( X ) Water Content 
Organic : - - - - - II - - - - - : 
Carbon . OJ1Pa 
- - - - - - - - - - - - - - -

. 80 . 1 6 

. 80 . 2 3 

. 32 . 1 6 

. 05 . .  0 6  

. 05 . 05 
5 . 3 2 . 1 1 
l .  3 8  . 06 
. 48 . 02 
2 6 . 39 . 22 
1 .  49 . 06 
1 . 44 . 04 
H . 04 . 2  
. 48 . 1 2 
. 32 . H  
. 48 . 1 3 
. 1 1 . 06 
. 05 . 0 1 
1 .  2 8  . 1 1 
. 1 4 . 1 1 
. 09 . 06 
1 0 . 85 . 1 3 
. 6 4 . 08 
. 2 1 . 08 
. 32 . 1  
. 85 . 07 
0 . 05 
4 .  47 . 1 2 
1 . 44 . 06 
. 1 4 . 0 4 
1 6 . 60 . 35 
3 . 94 . 1 2 
. 4 3  . 08 
. 32 . 05 
1 2 . 77 . 28 
. 8 5 . 1 2 
. 8 0 . 1 1 
. 3 2 . 0 7 
. 1 1 . 09 
. 0 5 . 0 9 
. 0 5 . 07 

1 . 5aPa 

. 0 3 
. 1 1 
. 07 
. 03 
. 02 
. 0 4 
. 0 1  
. 0 1  
. 1 7 
. 0 2 
. 0 1 
. 09 
. 02 
. 07 
. 08 
. 0 3 
. 0 1 
. 0 4 
. 0 4 
. 0 2 
. 07 
. 02 
. 04 
. 05 
. 03 
. 02 
. 0 4 
. 02 
. 0 1 
. 1 5 
. 04 
. 03 
. 02 
. 1 5 
. 03 
. 05 
. 03 
. 0 4 
. 0 3 
. 0 3 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - -

- 1 1 9  

, . .  - ··· 

, . .  



Table 26 . Cont inued . 
-------- - ------ -- - --- - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - --- - -- - -- - - - - -

Site I 

CSP25 
CSP25 
CSP25 
CSP25 
CSP26 
CSP26 
CSP26 
CSP26  
CSP28 
CSP28 
CSP28 
CSP28 
CSP28 
CSP28 
CSP28 
CSP28 
CSP29 
CSP29 
CSP29 
CSP29 
CSP29 
CSP30 
CSP3 0  
CSP30 
CSP30 
CSP30  
CSP30 
CSP30  
CSP3 1  
CSP3 1  
CSP31  
CSP3 1 
CSP32 
CSP32 
CSP32 
CSP32 
CSP32 
CSP32 
CSP33 
CSP33 
CSP3 3 
CSP33 
CSP33 
CSP33 

Depth pH 

{ Cl ) Hor izon · Texture ( 1 : 1 )  . 
- - - --- - -
0 T 8 A/K 
8 T 2 3  K 
23 T 44  Bv 

, 44 T 5 9  c 
0 T 5 .. A/K 
5 T 20 K 
20 T 4 1  Bv 
41 T 54  c 
0 T 5 A/K 
5 T 20  K 
20 T 38  B/K 
38 T 6 4  Bt l 
64 T 9 5  Bt2 
9 5  T 1 2 3  Bt3 
123 T 1 48 BC 
148 T 166 C 
0 T 5 A/K 
5 T 20  K 
20 T H B/K 
44 T 72 Bv 
72 T 90  c 
0 T 5 A/K 
5 T 33  K 
33 T 49 8/i 
49 T 77 Bw 
77 T 87 BC 
87  T 1 08  CB  

_ 1 0 8  T 128  C 
0 T 6 A 
6 T 28  K 1 
28 T 43  K2 
43 T 66  Bt 
0 T 1 6  A 
16 T 32  K 

· 32 T 37  Bv 
3 7  T 51  C l  
5 1  T 73  C2 
7 3  T Cr 
0 T 1 6  A 
16 T 3 2  K 
32 T 37  Bv 
37 T 5 1  C 1  
5 1  T 7 3  C2 
73 T Cr 

- - - - - - -- - - - - - -
S L  4 . 8  

LS 4 . 7  

SL 4 . 8  
LS ' 5 
SL 5 . 2  
SL  4 . 8  

LS 4 . 7  

LS 4 . 7  

SL  4 . 5  
SL 4 . 7  
SL  4 . 9  
SL 4 . 8  
SL 5 . 1  
SL 5 . 5  
SL  5 . 5  
LS 5 . 9  
SL 5 . 2  
SL 5 . 1  
SL 5 
s
·
L/LS 5 

LS 5 . 2  
SL 4 . 8  
LS 5 . 2  
LS 5 . 1  
LS 5 . 3  
LS 4 . 8  
s 5 . 1  
s 5 . 1  
SL 5 
LS 4 . 6  
LS 4 . 7  
LS 4 . 9  
SL 4 . 9  
LS 4 . 9  
s 5 
s 5 . 2  
s 5 . 3  
s 5 . 1 
SL 4 . 9  
LS 4 . 9  
s 5 
s 5 . 2  
s 5 . 3  
s 5 . 1  

( % ) Water Content 
Organic : - - --- II -- - - - : 
Carbon . 0 3aPa 1 . 5tPa 
- - - - - - - - - - -- - - -

4 . 04 . 1 4 . 0 5 

1 .  22  . 08 . 0 3 

. 37 . 06 . 02 

. 05 . 05 . 02 

6 . 8 1 . 1 6 . 06 

. 59 : 54 . 02 

. 05 . 04 . 02 

. 43 . 02 . 0 1 

8 . 09 . 1 8 . 09 
. 80 . 09 . 03 
. 43 . 1  . 0 5 
. 0 5 . 0 7 . 0 4 

. 1 1 . 08 . 04 

. 32 . 1  . 04 

. 1 6 . 05 . 02 

. 05 . 0 4 . 02 
1 0 . 43 . 1 9 . 1  
1 .  8 1  . 1 1 . 02 
. 96 . 07 . 02 
. 53 . 0 5 . 0 2 
. 27 . 0 4 . 02 
1 1 . 1 2 . 2  . 07 
1 .  28  . 1  . 02 
. 1 6 . 06 . 02 
. 0 5 . 04 . 02 
. 05 . 03 . 0 1 
. 05 . 03 . 0 1 
. 05 . 03 . 0 1  
2 . 1 3 . 1 2 . 0 4 
. 7 4 . 07 . 0 2 
1 . 1 7 . 0 7 . 02 
. 43 . 05 . 02 
1 .  6 0  . 09 . 03 
. 80 . 05 . 02 
. 64 . 04 . 0 1 
. 32 . 03 . 0 1  

. 2 1  . 02 . 0 1  

. 64 . 0 6 . 0 3 

1 . 6 0  . 09 . 0 3 
. 80 . 0 5 . 0 2 
. 6 4 . 04 . 0 1 
. 3 2 . 0 3 . 0 1 

. 2 1  . 02  . 0 1 

. 64 . 0 6 . 0 3 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

. 1 2 0  

""'""' ·�: 

' '  



Table 26 . Continued . 
---- - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - -- - - - --- - - -- - - - - -- - - - - - - -

Depth 
Site I ( Cl ) 

-- - --- - -

CSP34 0 T 19 
CSP34 19 T 34  
CSP34 . 3 4  T 56  
CSP35  0 T 6 
CSP35 6 T 22  

CSP35 2 2  T 3 3  
CSP35 3 3  T 42 
CSP35 42 T 55  
CSP36 0 T 6 
CSP36 6 T 22 
CSP36 22  T 33  
CSP36 3 3  T 42 
CSP36 42  T 55 

CSP37 0 T 18  
CSP37 18  T 3 1  
CSP37 31 T 42  

CSP37 42  T 5 1  
CSP38 0 T 18 
CSP38 18  T 3 1  
CSP38 31 T 42 
CSP38 42  T 5 1  
CSP39 0 T 20 

CSP39 2 0  T 3 4  

CSP39 34  T 49 
CSP39 49 T 6 5  

CSP39 65  T 92 
CSP40 0 T 20 

CSP40 - 20  T 34  

CSP40  3 4  T 49  
CSP40  49 T 65  
CSP40 65  T 92  

CSP4 1 0 T 1 3  
CSPH 13 T 23 

CSP4 1 23 T 36  
CSP4 1 36 T 5 1  
CSP41  5 1  T 69  
CSP42 0 T 1 1  

CSP42 11 T 19  

CSP42 1 9  T 27 
CSP42 27  T 45 
CSP42 4 5  T 62 

CSP42 62 T 69 

pH 
Hor i zon ·  Texture ( 1 : 1 )  

K 1  

K2 

Bv 

1 1  
1 2  
2 KB 

2Bt 1 

2Bt 2 

K 1 
K2 

2KB 

2Bt1 
2Bt2 

K 

K/B 

Bw 

Cr  
K 

K/B 

Bw 

Cr 
K 

K/B 
Bw 

B/C 
Cr 
K 
K/B 
Bw 

8/C 

Cr -
K 
B/K 
Bw 
BC 
Cr 
K l  
K2 

K/B 
Bt l 
2BC 

2C 

- -- - - - - - - - - - - -
SL 4 . 6  
LS 4 . 7  
LS 4 . 7  
SL 4 . 7  
SL 4 . 9  
SL 5 
SL 4 . 9  
SL  5 . 4  
SL  4 . 7  
SL 4 . 9  
SL 5 
SL 4 . 9  
SL 5 . 4  
SL 4 . 1 
LS/SL 4 . 5  
LS 4 . 5  
s 4 . 6  
SL 4 . 1 
LS/SL 4 . 5  
LS 4 . 5  
s 4 . 6  
SL/LS 4 . 6  
S/LS 4 . 9  
s 5 . 2  
LS 4 . 8  
s 5 

SL/LS 4 . 6  
S/LS 4 . 9  

s 5 . 2  

LS 4 . 8  
s 5 
SL 4 . 6  
SL 4 . 6  
LS 4 . 7  
LS 4 . 8  
s 4 . 8  
L 5 
S iL  4 . 8 
L 4 . 8  
SCL 4 . 9  
LS 5 . 2 

LS 5 . 3  

( % ) Water Content 
Organ ic : - - - - - II - - - - - : 
Carbon . 03aPa 1 .  S1Pa 
- - - - - -- - -------

1 . 44 . 1 3  . 03 
. 59 . 09 . 03 
. 53 . 07 . 0 2 

4 .  58  . 18 . 0 4 
. .  1 6  . 1 2 . 0 3 

. 53 . .  1 1  . 0 5 

. 16 . 1 3 . 06 
0 . 1 3 . 06 
4 .  58  . 1 8 . 04 
. 1 6 . 12 . 0 3 
. 53 . 1 1 . 0 5 

. 16 . 1 3 . 06 
0 . 1 3 . 06 
1 .  38  . 1 1 . 03 
. 0 5 . 09 . 02 

. 59 . 0 5 . 0 1 
0 . 0 3 . 0 1 

1 .  38  . 1 1 . 0 3 
. 05 . 09 . 0 2 

. 5 9 . 05 . 0 1 

0 . 03 . 0 1 

0 . 1  . 0 2 

0 . 0 5 . 0 1  

0 . 03 . 0 1 

0 . 09 . 0 3 

0 . 05 . 02 

0 . 1  . 02 

0 . 0 5 . 0 1 
0 . 0 3 . 0 1 

0 . 09 . 0 3 
0 . 05 . 0 2 

. 8 5 . 09 . 0 2 

. 64 . 1  . 0 2 

. 5 3  . 0 7 . 02 

. 59 . 0 4 . 02 

. 43 . 02 . 0 1 
1 .  0 6  . 2  . 04 
1 .  9 2  . 1 9 . 0 4 
. 2 1 . 2 . 08 
0 . 1 9 . 09 
0 . 1 1 . 0 4 

0 . 1 2 . 0 5 
- - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

. 1 2 1  

.. . ..... .. 
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T1blt  27. Pitticlt  si ze distributi on  of 40 soi l si t11 i n  c,tttr St1t1 P1rt .  
---- -- -- -- - ----------------------- ------------ ---- -- ---- ------------------ - - - - --- - - - ------ -- - - - - - -- - - - - - - - -- - - - - - - - - - - - -- - - - - - - - - -- - - - - -

S ITE I 

CSP 1 

CSPl 
CSPl 
CSP1 
CSP2 
CSP2 
CSP2 
CSP2 
CSP2 
CSPJ 
CSP3 
CSPl 
CSPJ 
CSPl 
CSP4 
CSP4 

CSP4 
CSP4 
CSP4 
CSP4 
CSP5 
CSP5 
CSP5 
CSP5 
CSP5 
CSP5 

: -------�--------------------- PARTICAL SI IE II OF TOTALI -------------------� :  ( 1 I 

Partnt . Dtptb 
Ordtr 

&A 
&A 
&A 
SA 
&A 
SA 
6A 
&A 
SA 
H 
&A 

Q 
&A 
&A 
&A 
&A 
SA 
&A 
&A 
&A 
&A 
SA 
&A 
&A 
SA 
&A 

lea) Hori zoa Cl ly 
-------- ------- ------

0 TO 8 A/E 6. 4 

8 to 31 E 3. 6 

31 tD 6l It 1 1 . 1  

6 1  to 79 C I .  7 

0 T 5 A 12. 1  

5 T 36 E 8. 9 

36 T 56 1/E 27 

56 T 74 It 27. 7  
7 4  T 1 00  C 23 
0 T I A/E 4. 2 
8 T 33 E 5. 2 
33 T 46 It I 31 .9  

46 T 54 lt2 24. 1 

54 T 67 c 15.1 

0 T 5 AlE 9. 2 

5 T 30 E 2. 9 

lO T 56 1/E 23. 3 
56 T 77 It I 30. 9 

77 T ts  lt2 30.5 

95 T 123 C 26. 6  

o r 5 A/E 8. 4 

5 T ll E 4. 3 
33 T 49 8/E 30. 8  

49 T 90 Btl 27. 8  

90 T 1 18 lt2 24. 1  

1 18 T 14 1 C 4 . 5  

: - - Si l t 
FSi ltSi 
------ ------

4 . 2  13. 5  

3.9 15. 4 

I .  7 3. 7 

l I .  7 
6.2  25 

5. 9 16. 7 

5. 1 14 .6  

4.6  10. 2 

5. 4 8. 1 . 

3. 8 10. 1 

4.5 14. 7 

5 9 

4. 1 7 .5  

3. 3  7 .9  

4. 9 17 .3  

2.5 10. 1 

5. 3 14.5  

5. 2 14 .9  

6. 1 1 4·. 7 
4 12 .5  

5 15. 2 

4 . 3  1 1 . 1  

5. 1 . 9.6  

5. 4 8 

2 .9  10.8  

. 7  I .  7 

-- I : ------ S1nd ------ : COirSI 
CSi VFS FS "s cs vcs fr1g 
-- - - - ------ - ------ ----- - - - - ----- - - - - - - - - - - - - -

23. 2 6. 8 1 1 . 7  1 3. 7 10. 4 10 . 2  

23. 4 7. 5 12  12.9  9 . 2  1 2 . 3  . 25 

5 .5  7 .9  27. 9 30. 8  7 . 9  3 . 4  . 35 
3.6 8. 6 36. 5  38. 8  5. 9 2. 2 . 4  

32. 4  7 . 6  5.8 5.6  2 . 7 I .  9 . 15 

21 . 9  8. 4 20 9.9 4 . 5  3. 7 . 2  

29 8. 3 7 .5  5. 5 1 . 6  1 . 5  . 25 

24 8.5  10. 3 8. 7 3. 2 2. 7 . 35 

16. 5 9 .6  15 •. 9 14.4  4 . 2  2. 2 . 35 

15. 9 6. 4 13 .3  16 15. 9 14. 3 . 2  

31 . 3  7 .9  8 .4  9 .5  9. 3 9. 2 · , 25 

17. 3 6. 4 7. 1 8. 2 9 6. 2 . 15 

14 .4  6. 7 8.9  I I  1 1 . 8 l l . 6  . 4  

13. 5 6. 5 10. 1 13. 1 15 . 3 14 . 3 . 45 

20. 8 4 . 5  6.9 9. 9 13 .6  
. 1 2 . 8  . 2  

. 15. 2 5. 2 8 . 4  13. 5 2 1  2 1 . 1  . 25  

2 1  5. 7 5. 1 7 9 . 5  8. 7 . JS 
JO. t 7. 2 2 .4  2. 8 3 .2  2 . 6 . 35 

26.9 6. 9 2 . 5  3. 2 4 . 3  • ••  . 4  

24 7. 2 4 .6  6 8. 2 1 . 45 

28 7 1 0. 2  1 1 . 8  8 . 5  6. 1 . 15 

22. 4 8. 1 12. 4 1 4 .8  1 1 . 5  l l . 2  

19. 3 6. 5 9. 3 8. 6 6 4 . 7  . 3  

22. 1 6. 4 8 7. 8 8 .3  6. 1 . 4  

22 . 6  7 . 3  7 . 5  8. 1 8 .5  8 . 1 . 4  

3. 7 5. 1 1 3. 7  21 . 3  3 1 . 5  1 7 . 9  . 5  

Texture 
--- - - - - - -

SL/L 
SL 
Sl. 
$ 
Si l 
l 
L/Si L/CL 

L/Cl 
L 
SL 
Si l 
CL 
SCL 
SL 
L 
Sl 

L 
SiCL 
CL 
L 
L 

· SL 
CL 
L/Cl 
L 
s 

-------- � -------------------- ---------- ------ �----�--------------�---�- - - -�------------ ---------- �- - - -- -- -- - - �- - - - - -��� - - - - � 

� 
N 
� 



� 
N 
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Tablt 27. CantiRut4. 
- - - - -- ----�-------------- ------�--------�------------------------ ------- - - - - - - - - -----------------------------------------------------

Putnt 
SITE I Drdtr 

CSP6 SA 
CSP6 SA 
cs" SA 
CSP6 sa 
CSP6 sa 
CSP6 sa 
CSP7 &A 
CSP7 &A 
CSP7 &A 
CSP7 6A 
CSP7 · &A 
CSP7 &A 
CSPI 6A 
CSPB &A 
CSP8 &A 
CSP8 &A 
CSP8 6A 
CSPB &A 
CSP9 &A 
CSP9 &A 
CSP9 6A 

CSP9 6A 
· CSP9 6A 

CSP9 6A 

: ----------------------------- PARTICAL SIZE fl OF TDTALI -------------------- :  f 1 J 

Dtpth 
Cc1J HorhDI Clly 

------� ------- �---

0 T 5 A/E 1. 4 

5 T 28 E . 10.8 
21 T 41  1/E 35. 5 
41 T 59 lt l 32. 1 

59 T 74 lt2 25. 3 

74 T 154 2C 2.6 

0 T 5 A/E 7. 9 

5 T 20 E/8 · 17.6 

20 T 44 1/E 15.7 

44 T 74 It 29. 2 
74 T 102 It 32. 8 

102 T 148 C 1 3. 9  

0 T 5 · A/E 5. 7 
5 T 26 E 8. 9 . 

26 T 49 liE 32. 3 
49 T 74 Bt l  27. 9  
7 4  T 97 lt2 15. 3  
9 7  T 1 18 C 6. 3 
0 T 5 AlE 4 
5 T 28 E 4. 5  

28 T 44 It I 8. 4 

44 T :u lt2 8.6  

�I  T 79  Cl 7. 2 
79 T 92 c 4. 5 

1 -- Si l t  -- : 
FSi "Si CSi 
------ ------ -----

4 . 4  1 8 . 8  24 . 5  
5 .9  13 .9  34. 6  
5.6 10  27.5 
5. 1  1 2  24. 9  

3. 9 9. 9 33 

I 4.6  4. 1 

2.5 1 3. 3  25. 1 
5 14 .8  3 1 .8  
4.5  9. 4 9. 1 

6.5 12  25. 3 
5. 4 15 .2  27. 3 
3. 5 9. 8 8. 9 
2 . 7  1 1 . 4  18. 1 
6 . 3  2 1 . 2  25. 4  
5 .8  12 .9  29 
3 .6  10 .4  23. 6  
3. 5 7 10. 7 
2.5 4 . 4  6 . 2  
3. 3 13 . 3 19. 5 
4 . 5  10 .8  1 3. 4  

1 . 5  5. 3 4 
. 7  3 . 6  2. 8 

l . l 3 . 8  2. 2 

1 . 3  3 . 5  3. 2 

: ------ Sand ------ : coarse 
VF'S FS "s cs YCS fr1g 
------ ------- ---�-- ------- ------- ------

6 . 3  8.5 10.8 . 9.4  9 . 1  

8. 7 7 .6  7. 6 5. 7 5 . 1  . 15 
I 4 . 2  3. 7 2. 8  2. 7 . 25 

7. 1 6. 2 5. 8 2. 9 3. 2 . 35 
5 . 5  6.5  6. 4 4 5.6 . 4 

10. 2 35. 1 31 . 9  7 3 .5  . 45 
6. 1 6 . 4  8. 7  13 .2  16.6  .2  
7 . 5  3 �3  4 6. 4 9 .6  . 25 
7 . 4  1 1 . 3  13. 2 15 1 4 . 3  . l  
5. 7 3. 4 4. 1 6. 2 7. 7 . 35 
5 . 7  2 .4  2.5  3 .5  5. 1 . 4  
8. 5 15. 1 19. 2 1 4 7 . 1  . 45 
5. 7 7 .8 1 1 . 1  16. 8 20. 7  ., • •  
7 5. 7 6. 6 9.8 9 . 2  
6. 4 l. l l .2  3 .8  3.6  . 25 
6. 3 4 . 9 6. 1 7 . 8  9. 4  . 35 
5. 8 9.5  I I .  7 1 7. 1 19. 4  . 45 
7. 5 15. 2 11. 5 21 . 7 1 7 . 6  .5  

5. 5 10. 5 15.5 16. 6 1 1 . 8  . 05 
7 . 6  1 4 . 5  1 7 . 2  1 4  13 . 7 . I  
5. 7 12 .9  18. 2 21 . 9  22. � . 05 
7. 7 22. 8  2'. 9  17  7 . 05 
8. 8 28. 3  ll 14. 4 l. 3 . 05 
7. 4 . 23. 2 31 19. 3 6 .6  . 05 

hxtun 
-- -- -----

l 
Si L 

Cl 
CL 

L 

s 
L 

Si L 

Sl 
CL 

Si Cl/CL 
SL 

Sl 
Si L 

CL/SiCL 

CL/L 

Sl 
L5 

SL 
Sl 

LS 

LS 
LS 

LS/S 
----------------��-----�--�------�------��---------------------------------------- -------------------- · ------�---- ------------- - · 



Tab l t  27. Coltln•••· 
-- -- --- ---------- --------- - ----------------------------�----------------------------- - - - - - - --- - - - - - - ------------ ---- ------------··----

Parttt 
SITE I ar•., 

CSPIO &A 
CSPIO &A 
CSPIO &A 
CSPIO  &A 
CSPIO &A 
CSPIO iA 
CSPIO  &A 
CSPl l  lA 
CSPI I  lA 
CSPt l &A 
CSP I �  &A 
CSPI I  &A 
CSP12  &I 
CSPI2 61 
CSPI2  8 1  
CSPI2 61 
CSP1 2  61  
CSPi l  5 1  
CSPI 3  5 1  
CSPll 51 
CSP l l  5 1  
CSPil  51  
CSPl l  5 1  
CSP I5 51 
CSP 1 5  51 
CSPI5 51  
CSPI5  51  
CSP15 51  

1 ----------------------------- PARTICAL SI ZE C l  Of TOTALJ - - - -- - - - - - - - - -- - - - -·
1 ( l ) 

hpth . 
(CI) Hariz01 Clay 

-------- ------ -------
0 T 8 A 5. 9 

8 T 30 E 5.2 

30 T 56. E/1 32. 6  

56 T 1 00  Bt l 28. 4 

100 T 133 lt2 22. 9 

Ill T 141 IC 20.5 
141 T 166 C 22.6 

0 T 5 AlE 9. 5 

5 T 20 E 5. 1 

20 T 41 1/E 10.2 

41 T 82 It 14.2 

12 T c 8. 9 

0 T 5 A/E 12 

5 T 23 E 4. 7 

23 T 36 1/E 5. 7 

36 T 67 .. 6. 3 

67 .T 74 c 3. 1  

0 T 3 A 22. 7  
l T 30 A/E 4 . 2 

30 ' 36 IE 5.5  

36 ' 51 .. 4. 5  

5 1  T 59 IC 5 

59 ' "  c 4. 2  

0 T 30 AlE 5.9  

JO T 49 E 7 

49 T 67 . h 8. 6 

67 T 74 IC 6.2  

74  T 90 c 5 

1 -- Si'l t -- I 
FSl IISi CSl 
----- - ------ -----

2 8.9  15. 6 

3 . 8  12. 2 31 . 1 
4. 4 13 .9  30.5 

6.8 10.9 28. 2  

4. 8 . 12.6  20. 8 

3. 5 10. 7 16. 4 

2. 9 1 1 . 1  17. 7 

3. 7 12.3 20. 5 

3. 6 I I .  7 14. 6 

4. 1 8. 8 7. 1 
4 9. 6 6.9  

I .  5 6. 2 6 .9  

4 17 .9  21  

3.2 12. 1  20. 3 
3 3 . 1  6.6  

.9  3. 7 3. 1 

2. 1 2. 1 2. 7 

5 21 II 
1 . 1  13. 1 15. 6 

2.8  8. 7 7 . 7  
. 8  7. 3 I .  7 

. 4  6 . 9  2. 1 
0 4 . 2  4 . 5 

3. 3 10. 3 17. 3 

5 0 I .  7 

2. 6 0 2. 6 

. 4  4 .8  0 

· ' 3. 4 1 . 2  

: ------ ------- Sand ------- ------ l caarst 
VFS 
------

5.6  

1 1 .9  

8. 3 

7 .2  

7. 1 

6. 6 

7 . 1  

4 .6  

4. 9 

3 . 1  

3 . 4  
4 . 3  

4. 9  

6. 4 

4 . 7  

3 . 9  
3 .9  

5. 4 

9. 4 
9. 2 
8. 1 
8. 3 
9.9  
1 1 . 5  

10. 2 
9. 7 
8 . 9 
8. 3 

FS "5 cs vcs fng 
------- -�-- -- ----�- ---�------ --

9. 3 13. 4 19. 4 19. 8 . 2  

6 . 8 8. 2 10 10 . 3  
2. 7 2. 8 3 l .  9 . 35 

3. 5 4.2  4 . 6  6. 2 . 4  

7. 2 7. 3 8. 2 9. 1  . 45 

7. 8 8. 8 1 1 . 9  1 3 . 9  . 55 

7.8 8 .6  10. 5 10. 9 · '  
I I  15. 1 1 1 . 7  l l . 7  . 2  

9.6 13.7 15.5 2 1 . 3  . 25  

7.9  1 1 .9  20. 2  25 . 9  . 35 

6 . 2  9. 3 18. 1 28. 4 . 4  
9.2  12 .9  23 27 . 45 

9. 7 12 .5  1 1 . 6 6. 4 . 06 

12 .7  1 4 .8  1 3. 7  1 2. 1  . 2  

10. 2 14. 4 26. 8 24. 8  . 35 
8.9  14. 5  29. 6  29. 1 . 35 
9 14. 7 28. 2  34 . 4  
9 . 8  1 1 . 9  4.6 1 . 5  . I  
20. 5 24. 6  1 .1  3. 1 . 15 

�.5  28. 5 8. 9 3. 3 . 2  
26. 7 36.5 n 3. 4 . 4  
27. 4  34. 3  1 1 . 3  4. 2 . 5  
33. 7 33. 8  7 .8  I .  9 · ' 
24. 4  18. 5 4. 8 4 . 2  

39. 3  29 . 8  4. 9 2 . l  
37. 7  34 . 4 3 .6  . 7  . 4  

36. 2  35 6. 7 1 . 8  . 5  

36. 4 37. 7 6 . 5  1 . 65 

---- --- - -

Ttrturt 
- - - - - - - --
SL 
SL/Si l 
SiCL 
CL/L 
L 
l 
l 
Sl 
Sl 
Sl 
Sl 
SL 
L 
Sl 
LS 
LS 
s 
l 
SL 
Sl/LS 
lS 
LS 
LS/S 
SL 
LS 
LS 
s 
5 

- --------------�-- -------------------------------�-------- ----�------- - --------�---- -- - - -- -- - ------------- - - - - - - -· -- - - -- -- - - - - - - - - --

...... 
N 
tn 



T•ble  27. Conti nued . 
------------------------------------------·----------------------------------------------------------- ---------�------- - - - - - - -- - - -- · 

Puent 
S ITE I Order 

CSP16  SA 
CSPI6  SA 
CSP l b  SA 
CSP16  SA 
CSP16 SA 
CSPI7  6 1  
CSPI7  6 1  
CSP l 7  &I  
CSP1"8 6 1  
CSP18  6 1  
CSP18  6 1  
CSP 19 6A 
CSP19  &A 
CSP19  &A 
CSP 1 9  SA 
CSP19  6A 
CSP19  SA 
CSP20 SA 
CSP20 SA · 

CSP20 SA 

: ----------------------------- PART ICAL S I ZE C% OF TOTAL) -------------------- 1 (  t ) 
Depth 
(CI) Hori zon Chy 

------- - ------- ------

0 T 28 E 7. 2 
28 T 44 8/E 37 . 9 
44 T 67 Bt 32. 8  
6 7  T 90 BC 8. 6 
90 T 1 38 C 5 . 8  
0 T 5 A 6 
5 T 1 8  ... 3. 2 
18 T 54 Cr 2 . 4  
0 T 5 A/E 19. 2 
5 T 13  ... 4. 5 
l3 T 26 C 6. 4 
0 T 5 A/E 8. 3 
5 T33 E 7. 1 
33 T 49 8/E 24 . 5  
4 9  T 6 1  It . 28. 2 
61 T 72 BC 10. 3 
72 T· 87 C 5. 1 
0 T 18  A/E 5. 1 
18 T 4 1  Bt l 9 . 9 
4 1  T 63 Bt2 9. 6 

: -- Si l t  - : 
FSi "Si CSi 
------ ------ -----

3 . 6  15. 9 24. 2  
4 . 9  15. 2 26. 8 
3. 7 1 1 . 4  18 . 6 
1 . 8  4 . 6  2 . 4  
. 4  3 . 6 2. 1 
2 1 0 . 3  14. 7 
3 . 4  8. 6 1 1 . 5  
. 7  2. 8 5. 9 
2 .9  14. 7 1 3. 4 
4. 1 10 1 1 . 4  
2. 2 10 .9  1 0 . 5  
2. 9 13 . 2 23. 9 
4 . 4  14 . 8 23. 7 
6 10 .5  25. 4 
4 . 4  10. 4 25. 4 
1 .  7 4 . 2 10. 2 
. a  2 . 5  6. 1 
6.4  10 .9  1 6 . 5  
2.6  14  19 . 1 
1 . 8  1 1 7 . 9  

: ------

YFS 
------

7 . 7  
6 . 2  
6 
7 . 9  
6 . 3  
5 . 9  
5 
5. 1 
4. 2 
6. 3 
5. 7 
6. 7 
8 . 1 
8 
7. 5 
5 . 6  
4. 9 
6. 7 
8 . 4  
7 . 9  

Sind ------ : coarse 
FS "s cs YCS frag 
------ - ----- - - ---- - - - - - - - - - - - - - - - -

12 . 8 16 .5  7 . 4  4 . 6  . 15 
3. 7 3. 3 1 .  3 . 8  . 2  
6 . 5  7 . 8  7. 8 5 . 4 . 4  
22 . 5  31 . 8  16 . 3 4 � 4  
22. 1 37 . 2 18 . 8 3 . 7  . 45 
10. 2 1 3 . 5  . 18 . 2 19 . 2 . 25 
8 . 8  1 2 . 9  20. 5  26. 2 . 4  
1 1 . 3  16. 9 24. 8  30 . 6  
8. 1 9 . 7 1 3 . 5  1 4 . 3  . 35 
10. 9 1 4 . 8  1 9  19. 1 . 45 
10. 2 1 3 . 1 18 . 5 22. 5  . 65 
10. 7 1 4  1 1 . 8  8 . 4  . 2  
1 1 . 5  13 . 2 10. 2 7 . 25 
7 . 7  7. 8 5 . 1 5. 1 . 35 
7 . 1 7 . 2 6 3. 9 . 4  
10. 8 16 . 3 21 . 7  1 9 . 2 . 4  
1 1 . 2  1 8 . 4  2'1 . 5  2 1 . 5  . 65 
14 . 7 1 9 . 5  1 1 . 6  8 . 4  . 2  
1 4 . 1 18 . 4 10. 1 3. 5  . 2  
19 . 6  26. 1 12. 2 3 . 9  . 55 

Texture 
----- - - ·  

L/SL 
Si CL 
CL 
LS 
5/LS 
SL 
SL/LS 
5 
L 
SL 
SL 
L 
L/SL 
CL/L 
CL/L 
SL 
LS 
SL 
SL 
SL 

------- -------- -- -- ----- ------- -------- ---------------------------- -- - - - - - - -- -- - - -- - - - - - - -- - - -- -- ---------- ----------- -- - - - - - - - - - - -· 

� 
N 
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T1b le  27 . Continued . 
--- -------- -- -- ------------------ - ---��---- �-�-------------------------------------- �-------------- --- - - - - - ------ �-----�-------- -

Puent 
S ITE I Ordtr 

CSP2l 6A 
CSP21 6A 
CSP21 6A 
CSP21 &A 
CSP2l &A 
CSP21 6A 
CSP22 6 1  
CSP22 61  
CSP22 6 1  
CSP23 · 6 1  
CSP2J &I 
CSP23 6 1  
CSP23 ·&J 
CSP24 &A 
CSP24 &A 
CSP24 &A 
CSP24 6A 
CSP24 · &A 
CSP24 &A 
CSP24 &A 
CSP25 6 1  
CSP25 6 1  
CSP25 6 1  
CSP25 &I  

: ------�--�------------------- PARTICAL SI ZE f l  OF TOTALI ------------------�- : t  l ) 
Dtpth 
(CI) 

--------

0 T 5 

5 T 28 
28 T « 
44 T 84 
84 T l l5 

Horizon Chy 
----�- ------

A/E 6.9 

E 4 . 2  
8/E l l . 4  

It 16 .9  
IC 9. 9 

1 15 T 14 1  C 7 . 5  

0 T 5 AlE 6.6 

:S T 10 .. 4 
10 T 18 c 4 . 6  
0 T 5 A/E I I  
5 T 20 E 4. 5 
20 T 30 ... 5 
30 T 46 c 3. 8 
0 T 8 A/E 10. 3  
8 T 28 E 8. 9  
28 T 38 8/E 15. 4 
l8 T 6l hi 8. 7 
61 T 87 . 8•2 1 1 . 6  
8 7  T 1 38 8C 7 . 3  
1 38 T 161  C 6. 6 
0 T 8 A/E :S. l 
8 T 23 E 2 
23 T 44 8w 3 . 
44 T 59 c 3. 2 

: -- Si l t  -- : 
FSi "Si CSi 
------ ---- - - -----

2.9 8. 2 12 .8  
3 .8  8. 4 1 1 . 6  
1 . 8  4 . 9  7 

2 . 4  6 . 6  7. 6 
2 .8  5. 9 6 . 2  

1 . 2  7 . 2  4 . 4  

2 9 .9  15. 1 
1 . 4  9. 2 1 1 . 4  
1 . 8  8. 3 '  10. 3 
4. 1 15.9 20. 7 
3 .3  1 2  1 1 . 7  
2. 2 8. 7 8. 3 
1 .2 5. 8 8. 4 
4 . 7  17 . 1 23. 4 
5 . 3 15 .8  . 24 
3 .7  8. 3 14 . 3 
2 5. 9 5. 2 
3 9. 7 5 .5  
2.9 9.9  8 .9  
2. 4 9 .6  7 . 8 
8.6 4. 9 17. 3 
4 . 3  7 .6  10. 9 
2 . 2  5. 5 16. 6 
2. 2  2 . 2  10. 2 

: ------

VFS 
------

6. 7 

6. 7 

7 . 7  

6. 1 
5. 9 
7 
4. 3 
4 . 8  
5. 1 
4 . 2  
6. 1 

6. 7 
7. 3 
4 . 6  
5. 6 
4 . 6  
4 . 9  
5. 6 
6. 1 
7 
5 . 7  
4 . 9 
4 . 4  
4 . 7  

Sind ------ :COUll 
FS "s cs YCS fr1g 
------- ------- ------- ------- ---- --

13 . 1 15.5 17. 4 16. 7 . 25  
21 20.7 14. 3  9 . 2  . 3  
18. 7 22 18. 1 8. 3 . �  
10. 7 1 4  18. 7 1 6 . 9  . 45 

1 2 . 8  18. 8· 22. 7 15. 2 . 5  

19. 1 25. 5  18. 1 10 . 1 . 5  
8.9 12.6  2 1 . 8  18. 8 . �  
8. 9 13 .8  23. 9 2�.:;  . 45 

10. 9 16.5 22. 6 1 9 . 8  . 6  
8 1 1 . 5  13 . 8 10. 8 . 2  
10. 2 13 .7  17 .8  20 . 7  . 35 

I I .  7 15.6 2 1 . 3  20. 7 . 45 

1 4 . 1 18. 7 22. 4  18 .3  . 55 
7. 3 9 . 8  1 2 . 5  10 . 4 . 2  
6 7 . 9  1 1 . 6  1 4 . 9  T I '>I 

7 . 2  1 1 . 5  1 8  1 7  . 35 
9. 3 14 . 7 25 24. 3 . 4  

1 0 . 5  1 4 . 2  20. 8  19. 1 . 45 

I I  1 4 . 5  19. 9 1 9. 7 . 5  

Ttxturt 
------ - --
Sl 
Sl 
Sl 
Sl ·  
SL 
LS 
SL 
LS/Sl 
LS/Sl 
l 
SL 
LS 
LS 
L 
L 
SL 
Sl/LS 
SL 
SL 

12 . 9 16. 7 20. 3 16 . 7 . 6  - Sl 
10. 2 12 . 9  1 6 . 5  18. 6 . 25 SL 
9. 4 1 4 . 4  22. 5  24. 1 . 35 LS 

9 . 3  13. 8 20. 8 24. 3 . s  Sl 
9 . 9  15 23 29. 6  . 6  LS 

---- - ------------ ------------------ ---------- ------ --�---- ------ -------------- - --- ---------- ------- --- --- - - - - - ---- - -- -- -- ------ - - - - --

...... 
N 

• -......] 



Tible  27. Conti nued. 
------------------------------------------------------------------------------------------------- ------------ ----------- - - - - - - - - -- - - - - - -

Pinnt 
S ITE I Drdtr 

CSP26 6 1  
CSP26 61 
CSP26 6 1  
CSP26 &I 
CSP28 &A 
CSP28 6A 
CSP28 &A 
CSP28 &A 
CSP28 , &A 
CSP28 6A 
CSP28 6A 
CSP28 6A 
CSP29 6 1  
CSP29 &I 
CSP29· 6 1  
CSP29 6 1  
CSP29 6 1  
CSP30 5 1  
CSPlO 51  
CSP30 51 
CSPlO 51  
CSP30 51  
CSPlO S l  
CSPlO 51  

, I 

: ----------------------------- PART ICAL S I ZE tt OF TOTALI ------- ------- - - - - - - : t t ) 
Dtpth 
(CI) Hori zon Chy 

-------- ------- ------

0 T 5 AlE 4 . 9  
5 T 20 E 3. 8 
20 T 4 1  •• 3 
41 T 54 c 2. 4 
0 T 5 A/E 5. 9 
5 T 20 E 7. 6 

20 T 38 1/E 12. 7 
38 T 64 Bt l 1 1 . 8  
64  T 95 lt2 8. 9 
95 T 123 Btl 12. 4 
1 23 T 1 48 8C 8. 3 
148 T 166 C 3. 9 
0 T 5 A/E 9. 5 
5 T 20 E 6. 6 
20 T 44 1/E 8. 2 
44 T 72 h 8. 1  
72 T 90 . C 4. 8 
0 T 5 A/E 7 . 8  
5 T 33 E 5. 6 
33 T 49 8/E 7 . 6  
49  T 77 B• 6 . 1 
11 T 87 BC ll. 2 . 
87 T lOB CB 1. 5 
108 T 128 C 2. 3 

: - -

FSi 
------

2.6  
3. 1 
1 . 3  
I 

4 . 2  
3 . 2  
3 
2 . 2  
5. 3  
4 . 3  
2. 5 
3. 3 
3 . 2  
6 . 2  
5 
1 . 8  
3. 1 
5 . 7  
3. 3 
2 
. 6  
· '  
1 .  3 
. 1  

Si l t  -- : 
"Si CSi 
- - - - - - · ----

9. 4 16. 7 
10. 1 12. 7 
5. 3 6 .5  
4 . 4  7 
15. 4 25. 6  
18. 7  6 . 8  
10. 7 12. 3 
7 5. 2 
6. 9 5 .8  
l l .  7 6. 5 
8 6 
4 . 6  10. 3 
12 . 7 20. 4 
1 4 . 5  16. 9 
13. 2 7.5  
7. 4 5. 7 
4 . 8  7 . 1 
13. 5 19. 1 
9.2  . 4  
4 5 . 2  
4 . 1  3 . 4  
3 . 7  3 . 1 
2 . 5  3. 2  
5 .1l  3 

: - - ---- Sind ------ : COir 51 

VFS FS NS cs VCS fng 
------ - - - - - - - ------- ------- - - - - - - - ---- --

6. 3 16 . 6  23. 7 12 . 4 7 . 5  . 2  
5 . 9  13 . 4 18. 7 1 6 . 4  1 5 . 8  . 3� 
6. 9 14 . 4 20. 7  24. 5  17 . 5 . 45 
6. 1 1 4 . 7 21 . 2  24. 4  18 .9  . 65 
6 . 6  9. 7  1 1 . 2  10 . 4 1 1 . 1 . 2  
8. 5 9. 9 12 . 7 13. 3 19. 5 . 25  
6 . 6  1 0 . 6  13. 7 14. 1 1 6. 2  . 25 

8. 5 18. 5 24 13 . 9 8. 9 . 35 
6. 1 1 1 . 4 1 6 . 7  20 . 2  1 8 . 8  . 35 

7 . 6  12. 1 16. 2 20 . 7 8. 3 . 4  
5. 1 10. 1 15. 9 2 1 . 7  . 22 . 4  . 6  
4 . 5  8 . 9  1 4 . 8  22. 8 26. 8  . 6  

4. 6 7 . 9  9. 2 13 . 3 19. 2 . 2  
7 10. 1 12 . 4 18 . 1  8 . 2  . 3  
8. 2 15. 4 16. 8 18 . 6 7. 1 . 4  
7 . 9  22. 5  25. 3  13. 1 8 . 2  . 45 
8. 1 22 . 4 26. 5  1 3. 7  9. 4 . 45 
7 . 6  18. 9 14 . 8 7 . 4 5 . 3 . 2  

9. 9 28. 9  26. 2  7 9. 4 . 25 . 
10. 3 39. 9 25 4 2 . 3  
9. 7 32. 7  36. 8 6. 1 . 5  . 35 
7 . 5 12 . 3  38. 3  6. 5 I .  6 . 45 
8 30. 3 35. 3  10 . 8 5. 2 . 45 
7 . 7  3 1 . 7  36 9. 3  3 . 7 . 45 

Tex ture 

- - - - - - - - -

Sl 
Sl 
LS. 
LS 
Sl 
SL 
SL 
SL 
SL 
SL 
5l 
LS 
Sl 
SL 
SL 
Sl/L5 
LS 
SL 
LS 
L5 
LS 
LS 
s 
s 

- - - - - --------------------------------------�------ ---------------------------------------- - - - - - - - - -------------------- - - - - - - - - - - - - - - - - - - � 
N 
00 



Tib le  27. Ca1ti nued. · 

--------------- ---------------------- ------------ ------------------------------------------------------------------ -- -- ---- ---- -- --

Pinat 
SI TE I Order 

CSPll &A 
CSP3l 6A 

· CSPll &A 
CSPll 6A 
CSP32 Sl 
CSPJ2 51 
CSP32 Sl 
CSP32 51 
CSPl2 51  
CSP32 51  
CSP33 51  
C5P33 51  
CSP33 5 1  
CSP33 51 
CSPJJ 51  
CSP33 51  
CSP34 6 1  
CSP34 61 
CSP34 6 1  

1 ----------------------------- PART ICAL SI ZE C1 OF TOTALI ------------,------- 1 1 1 ) 
Depth 
(CI)  Hori za11 Cl1y 
-------- ------- - ----

0 T 6 A 6 
6 T 28 E l 0 
28 T 43 E2 0 
43 T 66 It 6. 4 
0 T l6 A 6 
16 T 32 E 4. 3 
32 T 37 II 1 . 3  
37 T 5 1  C l  . 3  
5 1  T 73 C2 0 
73 T Cr . 1 . 3  
0 T l6 A 6 

16 T 32 E 4 . 3  
3 2  T 3 7  h 1 . 3  
37 T 5 1  C l . 3  
5 1  T 73 C2 0 
73 .T Cr 1 . 3  
0 T 19 E l 7 . 2  
1 9  T l4 E2 4 .6  
�4  T 56 h 5. 1 

1 -- Si l t  - - : 
FSi ftSi CSi 
- --- - - - - - - - ------

3. 2 10. 4 l l . 4  
I .  7 3. 3 12 . 1 
2. 2 3 . 1 13 . 1 
. a  2 . 5  3 
0 9. 1 9.9 
3. 7 0 6. 1 
I 2. 6 4 . 1 
3 .4  0 6 .9  
1 0 7 . 3 
1 . 3  1 . 3  5. 2 
0 9. 1 9 .9  
3. 7 0 6. 1 
l 2. 6 4 . 1 
3. 4 0 6 .9  
I o · 7. 3 
1 . 3  1 . 3  5 . 2 
3. 6 I I . 7 l l . l  
2. 6 7. 6 8 .6  
1 . 4  5. 8 7 

: ------ Sind ------ I COirSI 
VFS FS "s cs vcs fng 
--- -- -

8. 9 20. 4 26. 6  1 0  3. 1 . 02 
7. 8 22 34. 2  1 4 . 9  4. 1 . 02 
7. 1 2 1 . 8  33. 7 ll  5. 4 . 02 
6 .8  17 .6  22. 2  23. 7 16 .8  0 
8 .3  25 3 1 . 9  7 . 2  2. 7 . I  
9. 1 28 36. 1  9 . 2  3 .5  . I  
8. 1 25. 6 3 1 . 6  18. 3 7 . 5  . 2  
10. 1 34. 7 34 7 . 4  3. 2 . 5  
8. 3 28. 9  35. 5  12 . 2 6 .9  . 5  
8 .8  33. 4 33. 6  1 0. 3. 4 . 6  . I  
8. 3 25 3 1 . 9  7 . 2  2 . 7 . I  
9. 1 28 36. 1 9. 2 3. 5 . I  
B. I 25. 6  3 1 . 6  18 . 3 7. 5 ., o &.  
10. 1 34 . 7  34 7 . 4  3 . 2 . s  
B . l  28. 9 35. � 1 2. 2 6. 9 . 5  
a. a 33. 4  33. 6  10. 3 4 . 6  . I  
4 . 5  4 . 5  23. 5  24 . 7  9 . 05 
l l  32. 8 26. 1 3. 9 2. 7 . I  

I I  35 26. 8  5. 2 2. 8 . 2  

Texture 

SL 
- LS 
LS 
LS 
SL 
LS 

· S 
s 
s 
s 
SL 
LS 
5 
s 
s 
s 
Sl 
l5 
LS 

--- --- ----- - ---------�---- ------------�-------- ---- ------ -- ----�------------�- --- - -- -- ---------- ---- -- - -- - ---- - - �-- ---- ------ -

I-' 
N 
(.0 



Tib le  27. Continued . 
------------- ----------- - - - ------- -------�------------------------------ ---- ----------�----------- - - - - - - - - - - -- - - -- - - ------ - - - - - - --

Plnnt 
SITE I Order 

CSP35 6A 
CSP35 6A 
CSP35 SA 
CSP35 6A 
CSP35 &A 
CSP�6 &A 
CSP36 6A 
CSP36 &A 
CSPl6 6A 
CSPJ6 6A 
CSP37 &I 
CSP37 61  
CSP37 & I  
CSPJ7 61  
CSPJB 61 
CSPJB 6 1  
CSPJB 51  
CSP38 61  

1 ----------------------------- PARTJCAL SI ZE tl OF TOTAL I· -------------------- : t l ) 
Depth 
(CI) Horho1 Clly 

·-------- -- -- ---

0 T 6 E 1  
6 T 22 E2 
22 T 33 2E8 
33 T 42 28t l 
42 T 55 28t2 
0 T 6 E l  
6 T 22 E2 
22 T 33 2EI 
33 T 42 28t l 
42 T 5� 28t2 
0 T 18  E 
18 T Jl E/8 
ll  T 42 8w 
42 T 51 Cr 
0 T 18 E 
18 T 31 E/8 
ll  T 42 I• 
42 T 51  Cr 

4. 6 
4. 1 
17  
1 7 .8  
17 .2  
4 .6  
4. 3 
1 7  
1 7 .8  
17. 2 
6. 1 
2. 9 
2 .8  
. l  
6. 1 
2 . 9  . 
2 . 8  
. 3  

: -- Si l t  -- � 
FSi ftSi CSi 

4. 2 16  24 
5 1 2 . 7  29. 8  
2. 8 1 1 . 4  12. 7 
2 . 3 9. 7 5 .8  
5.5 9. 3 3. 3 
4 . 2  1 6  24 
5 1 2 . 7  29. 8  
2 .8  1 1 . 4  1 2. 7  
2. 3 9. 7 5 . 8  
5. 5 9. 3 3. 3 
2. 8 18  24. �  
3 .5  1 1 . 3  7 .6  
2.5 6.8 6.9 
.3  J . J 8 .3  
2 .8  18  24 . 5  
3 . 5  l l . l 7 . 6  
2 .5  6. 8 6. 9 
. J  3 . 3  8. 3 

: ------ Sind ------ : coar 11 

VFS FS ftS cs vcs frag 

9. 4 13 . 3 1 2 . 4  7 . 3  8 . 7  . 08 
9 . 2  1 3  1 3. 2  6 . 2  6. 6 . 25 
7. 5 14 . 7 1 7 . 9  8 .4  7. 5 . 2  
6 . 4  1 4 . 3  20. 3  1 2  1 1 . 4  . 15 
8. 2 15. 2 2 1 . 1 l l  9. 1 . 15 
9. 4 13 . 3 12 . 4 7 . 3  8 . 7  . 08 
9. 2 13  11 . 2 6. 2 6. 6 . 25 
7. � 14 . 7 1 7 . 9  8. 4 7 . 5  . 2  
6. 4 1 4 . 3  20.3 12  1 1 . 4 . 15 
8 . 2  1 �. 2 2 1 . 1  l l  9. 1 . 1.5 
5 .6  6 .4  8. 1 1 3. 7 '  1 4 . 7  . 23 
5. 7 9. 2 1 2 . 6  18 . 3 29 . 23 
6. 1 10. 6 13 .9  22. 2 28. 3  . 4  
6 . 9  1 1 . 1  15 .6  22. 2 32. 1 . 6  
5 . 6  6 . 4  8. 1 13 . 7 14 . 7 . 23 
5 . 7  9. 2 1 2 . 6  18. 3 29 . 23 
6. 1 10. 6 1 3 .9  22. 2 28. 3  . 4  
6 .9  1 1 . 1 15 . 6 22. 2 32. 1 . 6  

Textun 

SL 
Sl 
Sl 
Sl 
Sl 
Sl 
Sl 
Sl 
SL 
Sl 
Sl 
LS/Sl 
LS 
s 
Sl 
LS/Sl 
LS 
5 

------------------------------------------------------------------------------------------------------------------ - -- - - - - - - - - - - - - -

1-' 
tN 

· 0 



T&b ll  ·27 . Conti nutd. 
----------------------------------------------------------------------------------------------------------------------------- - - ----

Pirent 
SITE I Order 

CSP39 51  
CSP39 51  
CSP39 5 1  
CSP39 51  
CSP39 51  
CSP40 5 1  
CSP40 51  
CSP40 51  
CSP40 51  
CSP40 Sl 
CSP41 51 
C5P4 1 51  
CSP4l 51  
CSP41 5 1 
CSP4 l Sf 
CSP42 SA 
CSP42 SA 
CSP42 SA 
CSP42 SA 
CSP42 SA 
CSP42 SA 

1 ----------------------------- PARTICAL SI ZE ll OF TOTAL) -------------------- 1 ( 1 ) 
Depth 
(CI) Hori zon C liy 

-------- ------- -----

0 T 20 E 3 
20 T 34 E/8 1 . 8  
34 T 49 811 3. 7 
49 T 65 8/C 3 .8  
65 T 92 Cr 3 . 6  
0 T 20 E 3 
20 T 34 E/1 1 . 8 
34 T 49 h 3.7  
49  T 65 8/C 3 . 8  
65 T 9 2  Cr . 3. 6 
0 T l3  E 3. 2 
13 T 23 8/E 5. 1 
23 T 36 811 4 . 9  
3 6  T 5 1  8C 3. 9 
51 T 69 Cr 2. 5 
0 T · 1 � El  10.3 
11  T 19 E2 8. 1 
19 T 27 E/1 23. 8 
27 T 45 Bt l 26. 9  
4 5  T 62 2BC 9 . 3  
62 T 69 2C 6. 2 

: -- Si l t  -- : 
FSi "Si CSi 
----- - - --- - ------

3.,3 . 10. 3 10. 1 
2. 1 2. 4 7 
. 3  . 6  4 . 4 
I .  7 3 .8  7 . 1 
1 0 5. 7 
3 .3  10 .3  10. 1 
2 . 1 2. 4 · 7 

. 3  . 6  4 . 4  
1 . 7  3 . 8  7 . 1 
l 0 5. 7 
3 . 5  9. 6 15  
2 . 1 I I .  7 12 . 9 
. 7 9. 4 6. 2 
. 3  6. 5 3. 1 
I 5. 4 1 . 6  
4 . 2  18 . 1 24. 1 
5 1 4 . 8  32 . 9  
4 . 1 1 1 . 9  28. 5 
4 . 4  10. 2 7. 7 
0 3 . 8  2. 7 
�. l 3. 8 7. 1 

: ------ Sind ------ :co1rse 
VFS FS "s cs VC5 frig 
------ ------ ------ ----- ---- -- - - - - -

7 .5  22. 9 30. 4  . 8 .6  1. 9 . I  
8. 2 30. 1 36. 5  9 . 1 3 . . I  
5. 5 22 . 8  39. 5  20. 1 3. 2 . 1 5 
1 1 . 1  34. 2  3 1 . 4  5 . 8  1 .  2 . 05 
7 . 6  3 1 . 1  39. 3  9 . 2  2 . 5  . 05 
7 . 5  22. 9 30. 4  8 .6  3. 9 . I  
8. 2 30. 1 36. 5  9. 1 3 ' . I  
5.5  22. 8 39. 5  20. 1 3. 2 . 15 
l l . l 34. 2  3 1 . 4  5 .8  1 .  2 . 05 
7 . 6  31 . 1  39. 3 9. 2 2 . 5  . 05 
1 1 . 3  26. 1 20. 2  5. 7 5. 4 . 25  
10 .5  29 2 1 . 5  4 . 7  2 . 5  . 25  
10. 7  34 28. 1 4 . 2  1 . 8  . 35 
1 1  38. 9 28. 7  5. 4 2. 1 . 45 
'· ' 36. 5  37. 4  4 .3  1 .  3 . 65 
10 .6  12 .6  1 2 .9  4 . 2  3 . 03 
10 1 1 . 4  1 1 . 2 3 . 6  3 . 03 
8. 7 8 .8  8. 3 3 . 4  2. 4 . 06 
9. 4 14 . 9 15. 4 6 .9  4 . 2  . 1 2 
8 23. 9 31  1 4 . 4  6 . 9  . 02 
8. 8 24 . 6  29. 2  1 1 . 7  5. 5 0 

Texture 

SL/LS 
5/.l5 
5 
LS 
5 
Sl/L5 
5/LS 
5 
l5 
5 
5L 
SL 
LS 
LS 
5 
L 
Sil 
L 
SCL 
LS 
LS 

------------------------------------------------------------------------- ---------------------------------------- - - · - - -- - - - - - - - - - - -

1---& 
(.M 

. 1---& 
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1 3 2 

T a b l e 2 8 . S u m m a r y  o f  t h e - m o r p h o l o g i c a l  p e d o n  d e s c r i p t i o n s . 

- - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C o a r s e  

D e p t h  M o i s t S t r u c - C o n s i s t - B o u n d - f r a g . 

H o r  ( e m  ) c o l o r T e x t u r e  t u r e e n c e  a r y 00 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C S P 1  M o c m o n t  s e r i e s ,  L o a m y - s k e l e t a l ,.  m i x e d  T y p i c  E u t r o b o r a l f  

O i  3 - 0  

A / E  0 - 8  1 0 Y R  - 2 / 2  S L / L  1 f g r m v f r  a s  2 0  

E 8 - 3 0 1 0 Y R  5 1 3 S L  1 t p l  m f r c s  2 5  

B t  3 0 - 6 0 1 0 Y R  5 1 4  S L  2 m s b k  m f r g w  3 5  

c 6 0 - 7 9 1 0 Y R  6 1 6  s m f r 4 0  

C S P 2  M o c m o n t  s e r i e s ,  L o a m y - s k e l e t a l ,  m i x e d T y p i c E u t r o b o r a l f  

A 0 - 5  1 0 Y R  2 / 1 S i L 1 f g r m v f r  a s  1 5 

E 5 - 3 6 1 0 Y R  5 1 4  L 1 t p l m v f r c s  2 0  

B / E  3 6 - 5 6 I L I S i L I C L  1 m s b k  m f i C W  2 5  

B t  5 6 - 7 4 1 0 Y R  4 1 4  L / C L  2 m s b k  m f i g w  3 5  

c 7 4 - 9 9 +  1 0 Y R  6 1 6  L 0 s g  m l  3 5  

C S P 3 M o c m o n t  s e r i e s ,  L o a m y - s k e l e t a l ,  m i x e d  T y p i c  E u t r o b o r a l f  

O i  5 - 0  

A / E  0 - 8  1 0 Y R  3 1 2  S L  2 g r  m f r a s  2 0  

E 8 - 3 3 1 0 Y R  5 1 3 S i L  2 g r  m f r c s  2 5  

B t 1  3 3 - 4 6 1 0 Y R  5 1 4  C L  2 s b k  m f i g w  3 5  

B t 2  4 6 - 5 3  1 0 Y R  5 1 4  S C L  s b k  m f i g s  4 0  

c 5 3 - 6 6 +  1 0 Y R  6 1 6  S L  0 m 4 5  

C S P 4  M o c m o n t  s e r i e s ,  L o a m y - s k e l e t a l ,  m i x e d  T y p i c E u t r o b o r a l f  

0 i 5 - 0  

A l E  0 - 5  1 0 Y R  3 1 2  L 2 g r  m v f r c s  2 0  

E 5 - 3 0  1 0 Y R  5 1 3  S L  2 g r  m f r  c s  2 5  

B I E 3 0 - 5 6 I L 2 s b k  m f r  c s  3 5  

B t 1  5 6 - 7 7 1 0 Y R  5 1 4 S i C L 2 s b k  m f i g s  3 5  

B t 2  7 7 - 9 5 1 0 Y R  5 1 4  C L  1 s b k  m f i g w  4 0  

c 9 5 - 1 2 3 +  1 0 Y R  5 1 4 L 0 m m f i 4 5  

C S P S  M o c m o n t s e r i e s ,  L o a m y - s k e l e t a l ,  m i x e d  T y p i c E u t r o b o r a l f  

0 i 3 - 0  

A l E  0 - 5 1 0 Y R  2 1 2  L 2 g r  m v f r c s  1 5 

E 5 - 3 3 1 0 Y R  4 1 2  S L  2 g r  m f r c s  2 0  

B I E 3 3 - 4 9 I C L  2 s b k  m f i g c  3 0  

B t 1 4 9 - 9 0 1 0 Y R  5 1 4  L I C L  2 s b k m f i g c  4 0  

B t 2  9 0 - 1 1 8 1 0 Y R  6 1 4  L s b k  m f i g w  4 0  

c 1 1 8 - 1 4 1 +  1 0 Y R  6 1 4  s 0 m 5 0  

- - .. - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - -. - - - - - - - - - - - . - - - . - - . ... - . - - - - - - - - - - - - - -



T a b l e  2 8 . C o n t i n u e d . 

. 1 3 3 

- - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C o a r s e  

D e p t h  M o i s t S t r u c - C o n s i s t - B o u n d - f r a g . 

H o r  ( e m  ) c o l o r T e x t u r e  t u r e  e n c e  a r y  ( % )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C S P 6  B u s ic  a s e r i e s ,  L o a m y - s k e l e t a l ,  m i c a c e o u s  T y p i c  E u t r o b o r a l f  

O i  3 - 0  

A l E  o - s · 1 0 Y R  2 1 2  L 2 g r  m v f r c s  1 0 

E 5 - 2 8 1 0 Y R  5 1 3  S i L  2 g r  m f r c s  1 5 

B I E  2 8 - 4 1  I C L  2 s b k .  m f i g s  2 5  

B t 1 4 1 - 5 9  1 0 Y R  5 1 4  C L  2 s b lc  m f  i . g w  3 5  

B t 2  5 9 - 7 4 1 O Y  R . 5 1 4  L s b lc  m f i g w  4 0  

2 C  7 4 - 1 5 4 +  1 0 Y R  4 1 3  s 0 m 4 5  

C S P 7  M o c m o n t  s e r i e s ,  L o a m y - s k e l e t a l ,  m i x e d T y p i c E u t r o b o r a l f  

A l E  0 - 5 1 0 Y R  3 1 2  L 2 g r  m v f r  a s  2 0  

E I B 5 - 2 0 1 0 Y R  5 1 3  S i L 2 g r  m f r c s  2 5  

B I E 2 0 - 4 4 I S L  2 s b k  m f i c w  3 0  

B t 1  4 4 - 7 4 1 0 Y R  5 1 4  C L  2 s b k  m f i g w  3 5  

B t 2  7 4 - 1 0 2 1 0 Y R  5 1 4  S i C L s b k  m f i g w  4 0  

c 1 0 2 - 1 4 8 +  1 0 Y R  5 1 4 S L  0 m m f i 4 5  

C S P 8  M o e m o n t  s e r i e s ,  L o a m y - s k e l e t a l ,  m i x e d  T y p i c E u t r o b o r a l f  

A l E  0 - 5  1 0 Y R  3 1 2  S L  1 p l  m v f r  c s  2 0  

E 5 - 2 6 1 0 Y R  4 1 3 S i L 2 g r  m f r c s  2 0  

B I E  2 6 - 4 9 I C L I L 2 g r  m f i c s  2 5  

B t 1 4 9 - 7 4 1 0 Y R  5 1 4 C L I L 2 s b lc  m f i g w  3 5  

B t 2  7 4 - 9 7 1 0 Y R  5 1 4  S L  1 s b lc  m f i g w  4 5  

c 9 7 - 1 1 8 + 1 0 Y R _  5 1 4  L S  0 m 5 0  

C S P 9  M o c m o n t  s e r i e s ,  L o a m y - s k e l e t a l ,  m i x e d  T y p i c  E u t r o b o r a l f  

A l E  0 - 5 1 0 Y R  3 1 3  S L  2 g r  5 

E 5 - 2 8 1 0 Y R  4 1 4  S L  2 g r  1 0 

B t 1  2 8 - 4 4 1 0 Y R  5 1 4  L S  2 s b lc  5 

B t 2  4 4 - 5 1  1 0 Y R  5 1 4  L S  1 s b lc  5 

C B  5 1 - 7 9  1 0 Y R  4 1 4  L S  0 m 5 

c 7 9 - 9 2 1 0 Y R  4 1 4  L S I S 0 m 5 

C S P  1 0  M o c ni o n t  s e r i e s ,  L o a m y - s k e l e t a l , m i x e d  T y p i c  E u t r o b o r a l f  

O i  5 - 0  

A l E  0 - 8  1 0 Y R  2 1 2  S L  2 g r  2 0  

E 8 - 3 0 1 0 Y R  5 1 4  L I S L  1 s b lc  3 0  

B / E  3 0 - 5 6 I S i C L 2 s b k  3 5  

B t 1 5 6 - 1 0 0  1 0 Y R  6 1 3  C L I L 2 s b k  4 0  

B t 2  1 0 0 - 1 3 3 1 0 Y R  6 1 3  L 2 s b lc  4 5  

B C  1 3 3 - 1 4 8 1 0 Y R  6 1 4  L s b k  5 5  

c 1 4 8 - 1 6 6 +  1 0 Y R  6 1 4  L 0 m 6 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



1 3 6 

T a b l e  2 8 . C o n t i n u e d . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C o a r s e  

D e p t h  M o i s t S t r u c · C o n s i s t ·  B o u n d · f r a g . 

H o r  ( e m  ) c o l o r T e x t u r e  t u r e e n c e a r y ( % )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C S P 2 4 M o e  m o n t  s e r i e s ,  L o a m y ·  s k e l e t a l ,  m i x e d T y p i c  E u t r o b o r a l f  

A l E' 0 · 8  1 0 Y R  2 1 2  L 2 g r  m f r a s  2 0  

E 8 · 2 8 1 0 Y R  5 1 4  L 2 g r  m f r c s  3 0  

B I E 2 8 · 3 8 1 0 Y R  5 1 4  S L  2 s b lc  m f r c s  3 5  

B w 1  3 8 · 6 1 1 0 Y R  5 1 4  S L I L S  2 s b lc. m f i g s  4 0  

B w 2  6 1 - 8  7 1 0 Y R  5 1 4  S L  2 s b lc m f i g s  4 5  

B C  8 7 · 1 3 8 1 0 Y R  6 1 4  S l  2 s b lc m f i d w  5 0  

c 1 3 8 - 1 6 1 +  1 0 Y R  6 1 4  S l  s b lc  m f i 6 0  

C S P 2 5  u n n a m e d , m i x e d  T y p i c  E u t r o c h r e p t  

A l E  0 · 8  1 0 Y R  3 1 3  S L  2 g r  m f r c s  2 5  
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