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INTRODUC1J:ION 

Unusually th:tck9 silty surface soils ocettpy :r•ather ex-

tensive areas in eastern Oklahomao In :t1uJ.sa County ( 11) a 
.. ·- .. . . ~ -· . - ,. 

deep surface phase of Parsons was mapped in association with 

Parsons silt loam and other Prairie soilso In ~agoner 

County, soils having thick SUI"face soils and a prominent A2 

horizon resting on a compact clay layer have been mapped and 
-'(1 

correlated as the Taloka series~' 

Thick surface soils and especially thick A2 horizons 

are uncommon and unnaturalo These thick.i, silty textured 
. . 

soils seem to indicate a loess mantleo This :mantle may be 

due to some entirely dif'.ferent elimatic regime than the B 

and C horizons., 

Additional physical 9 chemical and mineralogical data 

are needed to supplement the morphqlogy t-o-.aid in dete!'!llin.

ing the genetic relatio:nsh:lps of the very prominent horizons., 

This additional in.formation would also aid in better and 

-more r·eliable soil management recommends tions f'or these 

soils,.· These soils appear to be better soils f'or crop pro

duction than present crops indicateo They are extremely 

erosive, impermeable and of rather low organic matter 

* Unpublished Soil Sur•vey report of' Wagoner Cou..-rity 9 

Oklahomao 



content and have poor aggregat:;J.o:n as 001.nptJred ci 

Prairie soils., 

The prims.ry objecti'VE:ci o.:f' thi;s stti.dy :1..s t;o better char-

acterize these deep surfaced soils by som,3 Hddltional 

physicalt chemical and min.eralogical det:erminations and by 

correctly interpreting this ::tnf'ornrntSon try to explain the 

origin and genesis of the Taloka soils., 



REVIEW OF LI'rERATURE 

'rhe Taloka. soil series was established in Okfuskee 

~?W1'!i'1_~_ Oklahoma 9 in 1940.. . In 'this ~ounty this series is 

composed o.f silt loams and very .fine sandy loams that were 

developed on high alluvial terraces of the North Canadian 

and Deep Fork Riverso The native vegetation was mixed 

.forest and grass. The parent materials of these soils we.re 

described as old alluvium transported from the western 

plains and the Reddish Prairies. The Taloka. soils (3) were 

classified as clay pan soils transitional to the Prairie s.n.d 

Red-Yellow Podzolic soilso 

The soils mapped as Parsons silt loam, deep phase in 

Tulsa Co-unty have morphological char~cteri~~i~s similar to 

the Taloka soils of Okfuskee and Wagoner Counties., 

Bray (l} investigating the processes by which dif'.faren ... 

tiation of' textural horizons take place in soils of level 

areas of the Prairie region of Illinois found the process to 

be essentially the formation of a 2:1 lattice type clay in 

both the A and B horizons with translocation of part of the 

elay formed in the surface soil to the B horizono The 

translocation is by percolating waters which have a reduced 

velocity in tlle B horizon resulting in deposltion., 

Smith (22) in laboratory stu.dies of' clay pan .format:i.on 

:round evidence that clay miners.ls may be deposited in the B 
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horizon by flocculation by eler:;t:.1?olytes 

He also believes tJ1at i:ron oxide,s carry:tri.g a :J;hs,rge opposite 

that of clay particles ma:y tend to .f'loceulat;e the clays in 

the B horizon., This latter ef'feet may tend t;o stabilize 

colloids in the uppe1" horizons causing a slower clay pa.n 

forms. tion on 11,l'ell drained soils., 

Haseman and Marshall (6) reported on the development of' 

the Grundy silt loam of Missouri .. This clay pan soil was 

developed from loess which was uniform to a depth o.f' 69 

inches., Using zircon as an inert and imu1obile 1:-eferen.ce 

point they were able to calculate the cha:nges of other co:rF'°' 

stituents,, The clay content of the whole pro.file had in-

creased with definite evidence of the :movement of' colloids 

w:lthin the profile., The A horizon had lost a la1,,ge amount 

of the clay it originally contained while certain layers of 

the B horizon nearly doubled their original clay content ... 

Tb.ere was a net inei"'ease in the volume of the whole prof'ile 11 

however the A hori.zon had decreased in volu.m.e., 

These same investigators.!> working with the Tilsit silt 

loam in Missouri, found depositional differences reflected 

by the total heavy m:lnerals 9 t;he distribution of zircon 

among the various f'ractions and the met::han.ical am,\lysis, 

1I1he mechanical analysis showed ~dgni.ficant dii'f'erences in 

particle size distribution between almost all horizons of' 

the pro.file pa:rtdcu.larly in the coarser fracd;ions., The 

differences in the distr:i.bution of ·the total heavy mi.nerals 



of the various fractio:ns were signi!"'i.cal':tt., especi.ully be-

tween the deeper horizons of the pro.file .. 

Marshall ( 13) recognizes that al though a mechan:ics.l 

analysis of the soils rriay give an :i,ndics:tion. of depositi,:mal 

differences its value is limited due to the chemical weath .. 

ering taking place$ the depletion by leachir1g in certa.in 

horizons and the accumulation in other horizonso These 

.factors tend to obscure the trU:a relationships between the 

different horizonso 

According to Jeffries and Jackson (9) mineralogical 

studies of the soil can be considered f'ro:m two gener~l view

points: (1) uDetermination of the principal constituent 
·-

minerals., their nature and characteristicsu; (2} 11Determ1na-

tion and study of the accessory minerals and their relation

. ship. n 

The first viewpoint is probably best suited to study 

some aspects of fertility and to study the basic chemical 

and physical properties of the soil., while the second view

point is applicable to studies of the formation of the soil 

and has been used largely to distinguish between loesaial 

deposits and the underlying material., 

According to Job.a.nnaen.(10), Scheibler., in 1861 using 

sodium meta.tungstate 9 was the first person to use a hea,r·J 

solution to determine the density of minerals. Marignac in 

1862 used a solution of sodium silico=tungstate and 

Schaf:t'g_o~cll in the same year u:~ad an aqueous solution of 

acid mereu~ic nitratee 
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Pearson and Tru.og (19) conclude that ·the ripecific 

gravity method of determining t;he mineralogical eon tent of a 

mixture has an advantage cnrer the_ x=ra:y sinee the x-ray 

requires a certain mineral to be prese!lt in rather large 

quantities in order for a 'diffraction pattern to be recor,dedc, 

Many liquids have been· u~ed for speed.fie gravity separa

tion of m1:narals 9 however bromoform (sog .. 2087) and s=tet!'a

bromethane most nearly fit the desirable chara.cterist::lcs as 

listed by Krumbein and Pettijohn (12) for such solutions~ 

Bromoform was :f,'irst; used by van der Kolk a:nd is proba= 

bly the most commonly used heavy liquid .. It is miscible in 

all proportions with carbon tetrachloride 9 be:nzene 9 ethyl 

alcohol and acetone., This solution is liable to excessive 

convection currents)) rapid evaporation., decompos:ttion by 

strong light and deterioration by heat,, 

Act:rtyl·ene t·e:trabromide ( tetrabromethane) is becoming 

more ~dely used as a heavy liquid for mineral separations,, 

It is a colorless liquid miscible in all proportions with 

carbon tetrachloride., benzene and nitrobenzene giving a. 

range of specific gravities from that of the tetrabro:methane 

(2.95) to 1.6 or Oo9 depending on which diluent is used# 

According to Pearson and Truog (19) tetrabromethane and 

nitrobenzene mixtures have the added advantage of having a 

low vapor prasstu:"ec 

The heavy minerals comprise about 83:% of' the known 

minerals as listed by Milner ( 17)., T:11.is group is o,fte:n 
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abundance is small aH,hough is a greet variety of min-

era ls in it., Mc1st soil genesis stud:teil5 a.1"'a concerned vi:i th 

the minerals in th~ts group that are :r•er.i:Lstant to wea:the:r'ing., 

Ac.cording to Haseman and M.9.rshall ( 6) minerals vary in 

their resistance to weathering depending on their hardnesss 

cleavage 9 coefficient of expansion, so1ubil:U:;y under a given 

environment and the original cracks present i.n the c:r•ystal,, 

Pettijohn (20) states i;;hat whether a mi:rtel"'al survives in.t1"'a-

stratal solution depends on the nature of' the :m:Lners.1, the 

pH of the int:rastratal solution9 the pe1~meability of the b~d 

and the velocity of' .flow of the ground wate:t.,~, the tempera ... , 

ture and the geologic age of the deposits,, The heavy :min= 

eral sui·te becomes :more complex ·with a decreas,'j :1n geolog::i..c 

age of the sediments.. '!'he disappearance by s,olution of 'the. 

least st;able minerals f'1.som the older deposits :is the appar,~ 

ent answer ror this change~ 

Goldrich (~.) studied the degree of weathering of' 

granitE, gne:Lss and proposed the stabilit7:r series for the 

accessory group :tn 01•der of decl:i.ning resistance to weather~· 

ing as zirc1,n$) il:nenite and magnet:ite£> hor11.blend an.d epidot;e_, 

titanite and apatite. 

Zircon and tcrrirmaline~ since they are not not:tceably 

attacked by any iacdds or bases:, are consider'ed ,stable under• 

in soil fo:nnat,im1 s·tudies" Howeve:r'., Goldrieh U~) :tound ths,t 
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zircon ,wa,s sometimes chem:icsTly e:ttacked a:n,d in sttch cases 

it displays a dusky,, g:1?anula1"" appee,Ts,nc,e,, Haseman and 

JYiarsr...all ( 6) report D:t:>uif' n s vJ'Ork on tropic:al soils of' 

Sumatra in which he eon.eludes, t;hat all minerals"' including 

zircon,, dissolve under the chemical conditions which prevail 

.in the soils of the tropics., 

Heavy mineral procedures and the equipment necessary 

for the separation and identification of the minerals are 

discl.1ssed fully by J effr::i.es and .Jackson ( 9), Volk (27) and 

others and the method of separation used in thi,s study will 

be discussed elsErwhere 9 however f) some phe.ses and difficul

tdes should be discussed here., Hasem,an and Marshall (6) 

found separation dif'f'ic:ult with particles less than 0,.02 1nm. 

and usually two cen.trlf'ugings were nec.essary to separate all 

:minerals of the accessor,y group., They proposed four poss:t= 

ble explana:t;ions ~ ( 1) Too small a difference between the 

density of' some of' the minerals and the liquid, (2) Entrap

ment of particles by air bubbles; (3) Entrapment by lighter 

par,tieles; U~) Electrical attr·action between particles 

resulting in the eoagulation of the lighter and heavier 

minerals.. Since the densities of ·the miner·als differed i'rom 

the density or the liquid by 0.,1 units, which they con

sidered great enough, and increasing the speed and time of 

centrifi1.ging and evacuation of the sa.mples to remove the ai1"' 

showed no appreciable increase in minerals recovered 9 they 

concluded that; electrical a ttract;ion :must be responsible 



occurred, coagulation of the particles in the heavy liquid 

took place a few seconds afber shaking., 

Krurnbein and Pettijohn (12) 1°efer• to the extreme f'ine-
.• 

ness of particle size which causes the material ·to nball-

up", howeve:i:• they offer no explanation for the condition., 

Other reasons for poor separations are convection currents 

a 
j 

in the separating liquid.!J inclusion within the mineral grain 

and al terat;ion products whi.ch cause the density t;o dif"f'er 

from the theoret;ica.l value., Most of' these difficulties can 

be overcome by the use o.f controlled tera.peratu1°e and 

repeated sepa:r•ationso 

Matelski (16) describes a method by Tuhich he :f'roze 

bromoform after centrifugation and removed the different 

mineral groups., This procedure had the advantage of using 

only the :i.nexpensi ve 71 regular type ce:n.trifuge tubes., 

The removal of' free iron oxides prior to pe·trographic 

analysis is necessary to pl"'event the alteration of the 

obscuring the optical prope:i:•ties during identif'ioation<> 

:I:he separation of the d:if' f'erent grou.ps is usually ma.de 

at a speeif'ic gravity of 2., 9.5 for the accessory group fmd at 

2.70 for the :muscovite group with the q11artz and feldspar 

groups being in the :fraction below 2.,, 70Q . Ma:rshall a:nd 

Jefi':ries (14) found that one ~ep~.ration at either o:t these 
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densities with attention to the heaV;{ minerals is sufficient 

for the solution of pa.rent material problems.. With one 

separation you must concentrate on the relat;ive quantity o.f 

the most :resistant heavy minerals and secondly a.ccumulate 

information on the losses by weathering of other minerals* 

Marshall (13) outlines three steps that he considers 

necessary in order to trace depositional differences in the 

original parent material. These steps are the expression of' 

the separate fraction employed as a percentage of the whole 

so'ilp the percentage of the total heavy minerals in the 

separate fraction and the pereentage of the most resistant 

minerals in the heavy rr.dneral sui.te., To apply these steps, 

heavy mineral studies should be made on a nt1mber of size 

fraetions and at least two and preferably three or more 

mineral species should be identified. 

Petrographic studies of soils in central Oklahoma by 

Buckhannan and Ham (2) show definite heavy miner~l suites 

f'or the soils formed on the materials of the Fermi.an age and 

those developed from old and recent alluvium., Epidote was 

present in the alluvium of the Tertiary age in rather large 

quantities and was not found in the older Permian materiials., 

This striking difference of heavy mineral suites was a good 

basis for the determination of the parent materials studied;. 

Working with brown podsolic soils Matelski and Tiz•k 

(15) .found that the total amount of heavy minerals was 
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greatest in the C ho1 .. izon and t,he B horizon 9 in most cases, 

had the lowest amount~ 



MATERIALS AND METHODS 

The shaded areas on the map (Figo 1) indicate the loca-

tion of the Taloka soils in a recent survey of Wagoner 

County$ Oklahoma.. These soils occupy f'lat to g;ent~y ti,µdu-

5 ol lat;:t?,g landscapes with slopes of. to 3%o Some occupy) 
i 

flats apparently developed on old alluvium and others a~e on 

upland flats in areas of residual parent materials. In 

these TaLoka. areas about 80% of the soils are of the Taloke. 

series, the rest being soils such as Dennis 9 Choteau and 

others which occupy the steeper portions along the natural 

drains and terrace edgeso These Taloka areas are adjoining 

other areas containing Taloka:p Telleri Choteau, Dennis and 

Riverton in intimate mixturesp primarily along terrace 

edges., In all areas of Taloka soils occur small areas of 

Parsons silt loam which generally occupy the flattest por

tions of the region wb.ere the S1ll"face is slightly concave., 

The native vegetation of the Taloka soils as indicated by 

surface color was tall grasseso 

The samples :from the profile of the Taloka No., 1 were 

taken from an upland area that is gently undulating with a 

slope of about 1$o The area is 1/2 mile west of Tullahasse, 

Oklahoma 9 in the SW 1/2 NW' 1/4.11 330 9 Tl6N 9 Rl7E., 
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Prof'ile descripti.on of Taloka s::l.lt, loam ... 1 

A1 0-20 incheso Very dark grayish bro'TAm (lOYr 3/2) moist; 

silt loam; faintly specked -w-i th br•own and strong brown; 

fragmental breakage which breaks fu:rther to weak medilli~ 

granules; pH .5., 7 It ... 

A21 20-26 incheso Brown (lOYr ~L/2) moist; silt loam; 

splotched with dark brown; weak medium granular; .fri ... 

able; contains few small incipient iron concretions; 

pH 5.6 .. 
A22 26-32 inches,, Light brownish gray (lOYr 5/3) molst~ 

silt loam, cont;ains many so.ft brown iron concretions 
~ 

from 1/8 inch to 3/8 inch in diameter; soft and floury; 

weak granular to massive; pH 5,,80 

B21 32-42 incheso Grayish brown (lOYr 5/2) moist; silty 

clay loam; mottled with 20-40% yellowi~h brovm., reddish 

b:ro'W:tl. and red and specked with black iron concretions 

1/l6 to 1/8 inch in diameter; weak medium blocky; very 

firm; very slowly penneable; root penetrations through 

era.oks are very fine; plf 5.9., 

B22 42 ... ,4 inches!! Grayish brown clay mottled with yellow

ish b:roml and st11 ong bro'Wr:I., very slt,wly permeable; pH 

6 .. 6; this layer is less reddish e.nd more grayish than 

the above layer; it contains a few fine concretions of 

iron and a few rounded, appa.:rently water worn silt 

stone fragments., 



C 54-60+ inches. Mottled g:ray:tsh brownt yellow::tsh bro1Arr1 

and strong b:roi,.m cls:y; containing s,bout 5% or medium 

iron concretions and chips of' silt stone; very firm and 

very slowly permeable, pH 6 .. 9; this layer is similar to 

the horizon above but it is lighter colored and more 

mottled .. 

The area from which the samples of the Ta.loka silt loam 

No. 2 were ta.ken occupies a broad bench position which runs 

toward Wagoner on the east and the Verdigris River on the 

west and south., The samples were ta.ken from an undisturbed 

fence row which appeared to have a normal thickness.of' A1 

horizon., These soils can be .found 2 miles southwest of 

Wagoner, Oklahoma 9 in the NW 1/4., NW 1/4, S20 9 Tl7M, Rl8E,, 

Fro.file description of Taloka silt loam-2 

A1 0-11 inches .. Dark grayish brown (lOYR 4/2; 3/5/2) 

moist; silt loam; weak medium granular; friable; pH 

A21 11=16 incheso Dark grayish brovm (lOYR 5/2; 4/2) 
---·· ' 

moist, silt loam splotched with brown; fragmental 

breakage; weak medium granular; friable; pH 5 .. 7; 

specked with brown and strong brown; contains a number 

of fine insect holes and root channels; strong penetra .. 

tion of bluestem rootse 
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A22 16-24 1:riches. Liih~ brow1s11. gray ( 101."'R 5/3) moist 9 

silt loaitt; s.plotched with dark brown and strong; brown~ 

veey weak granular to massive; pH 5.9; soft .and floury; 

eonta:tns · a number of' sma.11 to medi~ blac.k pellets an.d 

many stains f'rom thes-e p·ella-,s. Res.t- abFuptl-y on~ 

B21 24-36 inches,. Very ~ark grayish brown (lOYR 3/2) 

moist; clay; strongly mot'tled with''rJd; 'medium blocky; 

very slowl,- peme-able; .fine roots penetrate along 

aggregates; pH 5.7 • 
. B22 36-60 irtche~ ~ Strongly mottled 1igh'.f "-gray ( 10:fR 7 /2) 

, r· 

moist; grayish t>ro1r.'ll (10YR 4/2) moif3t ye;t.lowish 'b:r>own 

(lOYR 5/7); clay; weak medium blocky; f'irm to very 
., 

firm; slowly permeable specked with ~ea and very dark 

brown; the latter around the incipient iron concre-

tions; pH 6.6. 

C 60-100 inches. Same as above layer but somewhat more 

gray and less brown; this material contains.a few iron 

concretions and a few f'ine grass roots penetrate be-

tween the aggregates; no silt stone or sandstone frag

ments but material is very uniform textured; pH 6.6 .. 

The Teller sandy clay loam that was used for comparison 

in this study came from a high (terrace) one mile north of 

the Arkansas River 9 in SW 1/2, NW 1/49 S31 9 Tl6N 9 Rl?E .. 
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P~ofile descri~tion ~f Teller sandy loam 

A1 0=11 ineheso Dark=brown (7e5YR 3/2) moist; sandy loam, 

weak medium granular; friable; porous and pe:r:nmablei 

pH 5o4; grades to horizon belowo 

B1 11-18 inches .. Brown (7o5YR 5/3; 4/3) moist, heavy sandy 

loam; weak medium granular; friable; porous and perme= 

able; pH 5o3; contains slightly more clay and less very 

fine sand than A1 layer finely specked with dark brown 

around fine root holes; grades to horizon belowo 

B21 18-28 incheso Brown (7.,5YR 5/4; 4/3 9 moist} sandy clay 

loam; moderate medium granular; slightly firm; porous 

and permeable; pH 4o9; stained with strong-brown 

(7.,5YR 5/6) around the fine root holes; grades through 

a 2 inch transition to horizon below., 

B22 28=36 incheso Yellowish-red (5YR 5/6; 4/6) moist; 

sandy clay loam; mqderate_medium granular; firm; hard 

when dry; porous and permeable; pH 4.,9; specked and 

streaked with brown and pink; grades through 4 inch 

transition to horizon belowo 

C 36 ... 70+ incheso Red (2/5YR 4/6, 3/6M} Heavy clay loam; 

moderate medium granular8 friable; porous and perm.e= 

able, pH 5 .. 1; streaked with 10=15% pink (7o5YR 7/4), 
f'ine roots well distributed in this 'layer; material 

changes little to greatest depth sampled; contains 

occasional irregular bands of pink material about 1/4 

inch thick in the lower parto 
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Materials and Methods Employed in Study 

The pH of the soil from each horizon was determined by 

the use or the Beekman pH meter from a 1:1 soil water mix-

ture. 

Tb.e organic matter was determined by the wet conbu.s-· · 

tion method of Harper (5). Total nitrogen was determined by 

the Kjeldahl method. 

The soil samples were treated for the removal of free 

iron oxides and organic matter prior to mechanical analysis 

and the specific grav~ty separations, using the method of 

Jef'fries (8). A 2 gram sample of soil was placed in a 100 

milliliter pyrex centrifuge tube and 10 milliliters of .1 

norn1al HCl was added and allowed to stand for one houro The 

acid was decanted off and the sample was washed three times 

with 5% NaCl. Five milliliters of ten per cent hydrogen 

peroxide was added to the soil and thorou$hly stirred ~nd 

allowed to stand for two hours at room temperature then 

evaporated on the steamplate. This was repeated for two 

treatments .. 

Forty milliliters of solution containing 4.15 grams or 
potassium oxalate was added and stirred until all of' the or

ganic matter free soil was loose from the bottom of' the tube. 

The tube was placed in a hot water bath and heated to 80° C.,; 

10 milliliters of solution containing 0 .. 95 grams of oxalic 

acid was added and the heat was raised to 90° C., A strip of 

magnesium ribbon about eight inches long was placed in the 
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~ot suspensiono The suspension was stirred with the temper

ature maintained at 90 to 95°- Co A.fter three to f'ive 

minutes the ribbon was removed and 5 milliliters o.f solution 

containing 0.48 grams of oxalic acid was added and the heat ... 

ing maintained until the clays and_ sands were gray. The 
'·-

suspensions were centrifuged at once and washed free of iron 

with 50 milliliter portions of_ 5% Na_Cl with f'our ~asbings. 

After the soil was free of iron it was washed twice with 20 

milliliter portions of 95% alcohol followed by_two washings 

with 20 milliliters of aoetoneo The soil was then dried and 

weighed for the mechanical analysiso The soil treated by 

this method prior to the separation of silt and clay was 

treated in larger samples using a proportionate amount of 

the solutionso These samples were filtered through 50 cm, 

No. 541 filter paper and washed immediately with 5% NaCl 

solution, alcohol and acetone as described aboveo 

,The mechanical analysis was run by the pipette method 

of Olmstead, Alexander, and Middleton (18)o Ten grams o.f 

the soil that was treated .for the removal of' organic matter 

and free iron oxides was placed in a 16 ounce prescription 

bottle. One hundred and fifty milliliters o.f distilled 

water and 10 milliliters of dispersing agerit were added to 

the bottle and the sample was shak~n over night with a wrist 

action shaker .. Sodium he:x:ametaphosphate was used as the 

dispersing agento The samples were washed through a 270 

mesh sieve to remove the sand which was oven dried and 

weighedo The coarse, medium$ .fine and very .fine fractions 



20 

~f the sand were separatedt d~ied_and weighed.,. The silt and 

clay were dispersed f'or five minutes with a :mechanical 

mixer, the suspension was then transferred to a 1000 milli

liter graduated cylinder and shaken by inverting the cylin

der several times .. The suspension was then allowed to stand 

until it was time to take a 25 milliliter aliquot for a 0.,02 

mm. particle determination., ·The suspension was allowed to 

stand undisturbed until time for a 0.002 mm determination., 

The aliquots were oven dried and .weighed. .The time for 

drawing the aliquots was determined by the particle settling 

time chart of Tanner and Jackson {25) .. 

% sand 

Oalculation of' separate percentages 

= Weight of sand x 100 
W~ight.of sample 

% of fine silt and clay= Weight 0.02 
Weight of' 

aliguot x .factor sample 

% of clay = Weig,ht of 0.,002 ali9..uot x factor x 100 .Weight of.' sample 

% of fine silt=% fine silt and clay - % clay 

'% of coarse silt = 100 - % sand .... % fine silt - % clay 

X 100 

% of' ea.ch sand .fraction = Weight of' fraction x % total sand 
Weight of total sand 

Factor = l 
V 

V = Volume of' water in cylinder (1000 ml.,) 

v = Volume of pipette (calibrated by weighing amount of 
water deliverede) 
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The coarse silt and the very fine sand were used for 

the specific gravity separation of heavy minerals .. Approx

imately 25 grams of the previously treated soil was sieved 

to remove the sand 1 with the very fine sand being saved for 

the heavy mineral detemination .. The silt and clay were 

placed in 1000 milliliter beakers gra.duat;ed in centimeters. 

Ten milliliters of sodium hexametaphosphate were added and 

the volume brought to the 10 centimeter mark with distilled 

water., The· suspension was then mixed on a mechanical mixer 

:ror 10 minutes and allowed to stand until only the particles 

less than 2 microns were still in suspension., The super

natant liquid was dra1rm off, evaporated and the clay saved .. 

This procedure was repeated until the liquid was clear at 

the end of the settlit1g time., The fine silt was removed by 

the same method .. The coarse silt and very fine sand were 

then washed with acetone, dried and five grams weighed out 

for the specific gravity separation of' heavy minerals .. 

The heavy mineral separation was made at specific 

gravity of 2.90 using a mixture of s-tetrabromethane (sp. 

gr. 2.98) and nitrobenezene (sp. gr., 1.20).; The heavy solu

tion was standardized by weighing 100 ml. of each liquid to 

be used.. The specific gravity was deter'lTlined by dividing 

the weigh:t; in grams by the volume in milliliters using the 

average of three weighings. After the two liquids were 

mixed in the right proportions the weight was ag~in checked .. 

This method was found to be accurate to the third decimal 



place. The desired mixture was obtained by the use of the 

formulas~ 

v1 = n2 - n 

V2 =n - nl 

Vl = volume of liquid of lighter 

V2 = volume of liquid of heavier 

n = desired specific gravity 

n.1 = light specific gravity 

n2 = heavy specific gravity 

specif'ie gravity 

specific gravity 
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The centrifuge tubes used in this separation were de

signed to trap the heavy minerals so they could be easily 

removed. The tubes were made by grinding a hole in the 

bottom of' a 15 milliliter taper bottom centrifuge tube and 

attaching a short vial to the bottom of the tube with a piece 

of rubber tubing. A piece of large rubber tubing was placed 

around the upper part of each tube to keep it from hitting 

the brass pocket of the centrifuge. 

The vial was filled with the heavy liquid (s.,g. 2 ... 90) 

and the end of the tube was inserted carefully to avoid 

trapping any air in the vial. The tube was then filled to 

the desired depth with the solution and 5 grams of the oven 

dried separate were placed in the solutiono The tube was 

shaken to disperse the soil and then centri.fuged at 1200 rpm 

for f'ive minutes., J.\ rubber stopper was placed in the tube 

to prevent the solution from draining out and the vial was 

emptied into a. filter. Gently pressing the stopper forced 
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out any heavy minerals lef't in the bottom of' the 'l:;ube., The 

vial was washed several times with acetone to :i?emove the 

heavy mineral particles. The heavy minerals were washed 

with acetone and oven dried .. i".he sample was. transferred to 

a tared watch glass, weighed and the percentage calculated. 

% of heavy minerals= WeiEfiht of heavy minerals x 100 
Weight of separate used 

The medium mineral group (s.g. 2.70 .... 2.90) was deter

mined in the same manner and the light mineral group ~2. 70) 

was determined by difference. 

The base exchange capacity of the 2 micron elay was 

determined f'rom a 5 gram sample (21). The sample was washed 

with 150 milliliters of 40% ethyl alcohol then leached with 

200 milliliters of neutral normal ammonium acetate~ The 

sample was washed again with alcohol to remove the excess 

amm.onium acetate. '!'he separate was transferred to a dis

tilling flask., 150 milliliters, of distilled wa·ter and a 

teaspoon of magnesium oxide were added. Approximately 125 

milliliters were distilled into a 500 milliliter receiving 

.flask containing 2$ milliliters of 0.15 N H2 s~4• The 

~xcess acid was ·tit1"ated with 0.074 N NaOH using a mixture 

of meth7l-red and methylene blue as the indicator. 

Milliequivalents per 100 grams = m.e. acid • m.e. base 
X 100 weight of sample 

Milliequivalents of acid = ml. acid X normalitf of acid 

Milliequivalents of base = ml. base X normality of base 



The bulk density 't'll·as run by the method desc:i?ibed hy 

Westin (28) .. Natural clods :from each horizon sampled were 

oven dried, we:tghed and saturated in hot paraffin .. The 

waxed clods were then weighed m air and in water. The 
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waxed clods were weighed in water by the use o:f a small wire 

basket hung .from 1;he same balance used to weigh the clods :i.n 

Bulk t f O"?en dried· 01-.oa.· density - --=-- w · ... o v wt ... of . waxed . clodin alr . --wt f> ~ c~'lodinw'ater 



RESULTS AND DISCUSSION 

The results o:f the chemical and physical determ.i.i."1.ations 

o:f the Taloka silt loam."=¥°'-."'""~are shown in Tables 1 and 2o 

The organic matter content of the horizons of this soil 

shows a decrease to a depth of 32 inches 9 in the 32=42 inch 

horizon there is an increaseo This increase in the organic 

matter is verified by the total nitrogen dete:r:m.inationo Or

g~nic matter accumulations at this depth are uncommon in 

soils of this area and indicates that either the process of 

podsolization has been active in th:i.s soil or that the silty 

upper horizons are mantle material deposited on the under

lying clay'materiai after some soil development had occurredo 

Due to the imper:m.eabie nature of the horizon where the 

accumulation.has occurred it is probable·that some podsoli-· 

zation has taken plaee 9 however 9 it does not seem. likely 

that in this area podsolization would be active to the 

degree indicated by the organic matter accum.ulatione 

The pH of this soil increases with depth which is 

common in soils of this area with i~permeable subsoils. 

'!'he b~se exchange capacity of' the clay (< .. 002mm) .frac

tion indicates a mixture of clay minerals, probably o.f 

illitic and montmorillonitic types .. The distribution of the 

clay minerals of the different horizons indicates that there 

has been very little do"Wnward movement o.f finer fractions 



Sample-Layer 
Depth in 
· inches ,, 
0 to 20 

20 to 26 

26 to 32 

32 to 42 

42 to 54 

54 to 60 

TABLE 1 

CHEMICAL PROPERTIES OF THE 
TALOKA SILT LOAM NO. 1 

% total 
2§ OM Nitrogen pH 

. -

1.59 .064 5. 7 

.90 .. 039 5.6 

.26 .045 ;5 .. 8 

.95 .011 5 .. 9 

.,71 .,038 6.6 

.31 .. 017 6.9 

TABLE 2 

PHYSICAL PROPERTIES OF THE 
TALOKA SILT LOAM NO. J_'5} 

26 

B~E.C. 
,<002-

--Fraction -
m.e./100 gm 

44.2 
36.0 

40.4 
38.4 

' 
44.0 

43.4 

Bulk Particle Size Distribution in ~ercent 
DensitI l-2mm 1-.2~ .2~-.lmm .1-,0~ .. o~-.02 .02- .. 002 <..002 

1.10 1.15 4.20 1.28 18.36 40.58 12 .. 00 16.43 

1.28 2.54 3.76 6e29 13.75 42.22 13.79 17.56 

1.38 1.77 3.21 6.51 13.97 38.99 13 .. 57 21.96 

1.50 0.82 2.50 6.46 11.22 34.47 12.82 31.,71 

1.48 1.07 2.66 5.49 10 .. 77 23.95 12.89 43 .. 17 

1.47 0.33 3.29 5.69 8.52 25 .. 79 11.,77 44 .. 71 

* Sample layer depth same as in Table 1 .. 



within the profile. The '32-42 inch layer is lower in base 

exchange capacity than ·the 0-20 inch layer or the 26-32 

inch layer. 

27 

The higher bulk density in the lower three horizons of 

this soil shows the increased compact condition of the soil. 
- . 

The particle size distribution shows a general decrease 

in the particles larger than .002 mm and an increase in clay 

content of the horizons with depth. There is some va;riation 

in the coarser fractions and the clay content of' the 26-32 

and the 32-42 inch layers. The .05- .. 02 .fraction has more 

variation between the 32-42 inch layer and the 42-54 inch 

layer. ----:--
The chemical and physical determinations of the Taloka 

silt loam No. 2 are shown in Tables 3 and 4., 

The organic matter distribution in this soil is quite 

similar to that of the Taloka No. 1 .. There is an increase 
. . 

in the 24-36 inch layer which corresponds to the 32-42 inch 

layer of the .first Taloka.. The to.tal nitrogen again veri-

.fies this accumulation. 

The base exchange capacities of the <.002 mm fraction 

indicate the same types of clay minerals .found in the Taloka 

No. 1 are present in this soil., however the distribution is 

quite di.f.ferent .. The clays of the lower three horizons have 

the higher exchange capacities indicating a higher percent

age of' montmorillonite type of clay minerals .. 



Sample -Layer 
Depth in 

inches 

0 to 11 

11 to 16 

16 to 24 

24 to 36 

36 to 60 

60 to 100 

Bulk 
DensitJ: 1.,.2inm 

1.28 0.49 

1.15 o .. 66 

1.54 0.,79 

1.65 0 .. 14 
1.64 0 .. 12 

1.64 0.,25 

TABLE .3 

CHEMICAL PROPERTIES OF THE 
TALOKA SILT LOAM NO .. 2 

% tot,a.1· 
% OM ~J:trogen pH 

1.,48 .,066 5.,7 

.93 .. 043 5.,7 

.,65 .. 037 5.9 
1 .. 36 .,080 5,,7 

.. 10 .. 041 6 .. 6 

.. 32 .011 6.,6 

TABLE 4 
PHYSICAL PROPERTIES OF THE· 

_ TALOKA SILT LOAJ:1 NO. 2.i:.· _ 

28 

' B .. E .. B .. 
~002 

·Fraction 
m.e.,/100 gm 

36.2 

36.2 

38.,6 

41 .. 0 

1.i-4 .. 2 

41 .. 0 

Particle Size Distribution in Percent 
1- .. 3. ::2~-:1mm .1~.o~ .. o~-.02 .02-.002 <,002 

1.42 3.85 10.59 46.,68 21 .. 33 15 .. 64 

L,27 3.,60 9.,54 49.,51 19 .. 18 16 .. 33 

1 .. 73 3.,28 10.75 39.,98 22 .. 77 21.,8.5 

0.,66 2 .. 08 5.,33 23.,33 24.53 44.72 
0 .. 73 2 .. ~B 7.,18 "'5 6, t::: " ·..!. 21 .. 07 42 .. 60 

0.,73 2 .. 05 6.,86 22 .. 95 20 .. 85 46.,34 
- ' 

~.t-
Sample layer depth same as in Table 3., 
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The bulk density also increases with depth in this pro

file but it is considerably more in the lower four horizons 

of this soil than in the corresponding horizons of the 

Taloka No., 1 .. 

The particle size distribution of' the Taloka No., 2 has 

noticeable variation between the upper three horizons and 

the lower tlwee .. Below 24 inches there is considerably less 

in the coarser fractions of the horizons and more clay~ The 

.02- .. 002 fra.ction is about constant throughout the pro.file., 

The Teller sandy loam which is considered to be devel

oped f'rom mantle material was used in this study as a· 

comparison to find any possible relationships between it and 

the Taloka profileso 

The chemical and physical determinations of' the Teller 

profile are shown in Tables 5 and 6. 

The organic matter content of the horizons decreases 

with depth which is common for Prairie soils ..... · 

The pH al.so decreases with depth in the profile .. This 

is coI!lillon in this area in soils with permeable subsoils. 

The base exchange capacity of the clay fraction of the 

various horizons of this soil indicate a lower percentage of 

montmorillonite type of clays than was found in the Taloka 

soils. 

There was less variation in the particle size distribu

tion throughout the profile of' the Teller than there was in 

the soils previously discussede The increase in clay in the 



Sample ·Layer 
Depth in 
inches 

I 

0 to 11 

20 to 28 

so to 70 

TABLE 5 

CHEMICAL PROPERTIES OF THE 
TELLER SANDY LOAM 

% total 
% OM Nitrogen El! (,,. 

1.45 .061 5.4 

.64 .. 039 4.9 

.. 60 .022 5.1 

TABLE 6 

PHYSICAL PROPERTIES OF THE 
TELLER SANDY LO.AW~ 

30 

B .. E .. C .. 
<.,002 ... 

Fraction 
m.e .. LlO.O ,_ m. 

38.2 

36.6 

21 .. 1 

ifulk Par£icle Size Distribution in Percent 
Density l-2mm l-,25 .25- .. lmm .1-.:p!) .. 05-.02 .• 02~ .. 002: 400~ 

1 .. 65 0 .. 41 8.55 35.72 13.35 14 .. 38 6 .. 70 20 .. 80 

1.71 o.oo 9.56 31.38 12 .. 68 14.,68 2 .. -02 28.70 

1.74 o .. oo 8 .. 43 37.,94 8.91 7.60 4.1~ - 33 .. 85 

it< 
Sample layer depth same as in Table 5 .. 
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C horizon is not common for the Teller series. The l-025 

and .25-.1 mm fractions of this soil are considerably higher 

in percent than the same fractions of the Taloka soils" 

The heavy mineral distribution in the Taloka No. 1 

(Table 7) shows a variation at the 32 inch depth which is 

large enough to indicate variation in the parent :materials. 

The percentage of heavy minerals in the 32-42 inch layer is 

higher than the percentage in the underlying layers. 

The variation in the distribution of the heavy minerals 

of the Taloka No. 2 (Table 8) is not so obvious as that in 

the Taloka No. 1. However the smne trend is apparent with 

the higher percent of heavy minerals being in the upper 

three horizons., 

In the Teller prof'ile there is a noticeable difference 

in the heavy mineral distribution between the 20-28 inch 

layer and the 50-70 inch layer. (Table 9} 
. . 

The medium mineral group of the .1-.05 mm fraction 

(Figures 2 and 3) of the two Taloka profi.les shows similar 

trends. Both show a large increase with depth. The simi

larity in the .o5-.02 fractions between this group is not so 

apparent. The Teller profile seems to have the same general 

trend in the A and B horizons although the fewer horizons 

sampled in this soil make a comparison rather difficult. 

Figures 4 and 5 show the comparison of the light miner

als in both fractions of' the three soils sampled. The .1-.05 

fraction of the two Taloka soils shows a general decrease 



Horizon 
depth in 

-inches 

0 ... 20 

20-26 

26-32 

32-42 

42-54 

54 .. 60 

~ - .. ' 

Horizon 
depth-in 
inches 

0-11· 

11-16 

16 ... 24 

24-36 

36-60 

60-100 

32 

TABLE 7 

HEAVY MINERAL ( s.g. 2.90) DISTRIBUTION IN 
FRACTIONS OF THE TALOKA NO. l PROFILE 

== Total% heavies Fraction Fraction 
"1 .... 05 

fo BM in 
.05- .. 02 

"/o HM in 
- in layer .from 
.1-.05 and .05-.02 

Fraetion Soil F!'iaetion Soil Fractions 
. ' . , . . ' :-~ . . . . ' ' --

0.525 .0965 0.603 -- - .245 .3415 

0.353 .0485 1.16-5 .492 .5405 

0.398 .0556 1.163 .4.53 .. 5086 

0.499 .0560 0.989 .,341 .3970 

0.427 .0460 1.054 .. 252 .2980 

0.383 .0326 0.,965 .249 .2816 

TABLE 8 

HEAVY MINERAL ( s.g •. 2.90) DISTRIBUTION IN 
FRACTIONS OF THE TALOKA NO., 2 PROFILE 

F:c>action Fraction Total % heavie-s __ 1 .... 05 .05 .... 02 · _ in layer· .from 
-- % HM in "/o HM in .1-.05- an.a .,05 ..... 02 

Fraction Soil Fraction Soil Fractions 

.,369 .0391 .860 .. 401 .4401 

.336 .0321 .673 .,333 .,3651 

.. 394 .. 0423 .851 .,340 .3823 

.336 .0179 1.1.53 .269 .2769 

.,446 .0320 1.062 .272 .,3040 

.,370 .0254 1.204 .. 276 .. 3014 



T,ABLE 9 

HEAVY MINERAL ( s.,g;, 2 .. 90) DISTRIBUTION IN 
FRACTIONS OF THE TELLER PROFILE 
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Fracti·on r Fraction Total% heavies 
o 0,5-·.; 02-· Horizon··· _ .. 1- .. 0.5 . in layer from 

depth in % HM in 1, HM in .. l-005 and .os-~02 
inches Fraction Soil Fraction Soil Fractions 

0 .... 11 1.729 .231 2.149 0309 o.540 

20-28 10870 0237 1 .. 621 .. 238 .. 475 

50-70 1~779 ol.58 10823 .. 139 .. 297 

with depth .. In the .. os- .. 02 fraction there is considerable 

variation in percent of light minerals in comparable hori= 

zons of the two Taloka profiles, but Taloka No., ·1 shows a 

slight decrease with depth and Taloka No .. 2 shows a greater 

decrease. The A and B horizons of the Teller show a trend 

~imi~a~ to the 'I'aloka profiles ~n·the .,l= .. Q5lll!ll :fraction but 

no such relationship exists in the .,0_5..;..,02mm .fraction .. The 

percentage of light minerals is considerably less in both 

fractions of the Teller soil., 

The chemical, physical and mineralogical properties of 

the twp Taloka soils studied are quite similar., A:µ organic 

matter accu,.~ulation in the B21 horizon was not reported in 

the Taloka soils of' Okfuskee County or the deep phase 

Parsons of' Tulsa County .. 

These characteristics indicate a lack of genetic rela

tionship between the two different textured materials of tne 
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Fig.2-·-Distribution of the medium :mineral groups (2v70-2.90) 
of the· .1 .... 05 mm fraction of the·twoTaloka 

profiles and the Teller profile 

Taloka 1 --·--

Taloka 2 ··->(-

Teller 

)( 

B22-i } 

C t~,-c.,.-J01---='J~, -,b of,/ J~ 016 J, '~ d9 
Percent of Fraction 

Fig.3--Distribution of the medium mineral groups (2.70..;2.90) 
_ ef the- .05-.02 nmf·traction of the two Taloka 

pro.files and the Tell~r pro.file 
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Taloka profiles studied., This laok of any !''elation.ship is 

probably due to the silty material being a 11:i,ess mantle 

deposited on the underlying clay,, 

Ulrich (26) working in Iowa found that the depth of 

loess decreased with distance from the point of initial 

deposition,\i with this decrease in depth of the deposit there 

was an increase in the clay content of the horizon of maxi

mum accmn.ulation., with movement and accumulation of' the 

f'iner clay., There was also an increase in the bulk density 

of' the horizon of accumulation as the mantle depth decreased., 

Smith (23) in Illinois and Hutton (7) in Iowa found similar 

relationships in loessial soils~ 

Assuming the silty upper hor:tzons of' the Taloka soils 

in Wagoner County to be aeolian deposits :from the Arkansas 

River the same relationships would exist. T1:i.e Taloka silt 

loam No., 2 is approximately seven miles farther from the 

river than the Taloka No., 1 and the depth of -the sil~y 

material is eight inches less .. Although the clay content of 

the upper three horizons of both soils is about the same it 

is plausible that the higher clay content of the B21 horizon 

of the second Ta.loka. is due to that horizon becoming the 

layer of maximum. accur11ulation in the present prof'ilec The 

base exchange capacity of the clay fraction of the two soils 

indicates that the montmorillonite type of' clay minerals 

have been transported from the surface horizoµs of the 

Taloka No. 2 and accumulated in what is now considered the 



B21 horizon to a greater extent than in the other 'Ijaloka 

prof'ile., Aceor•ding to Wilkinson (29) montmor5.1lonite had 

the highest base exchange capaci~y and was usually found in 

the fraction less than 0 .. 1 micron in diameter., The bulk 

density of this horizon in the Taloka No., 2 is also greater 

than the corresponding horizon of the other Taloka. soil., 

The lower content of total sand and the higher percent

age of total silt in the upper horizons o:f the Taloka No. 2 

is .further evidence of an aeolian deposit from the Arkansas 

River since one 'Dfould expect the finer particles to be 

deposited .further f'rom the source .. 

'fue va:r·iations in the particle tdze distribution of' t;he 

Taloka soils indicate that the silty :material was deposited 

after the underlying clay., This is more apparent in the 

Taloka- No .. 2 at a depth of 2l~ inches than it is in the 

is a large difference in coarse silt at the 42 inch depth :it 

appears that mixing of the different materials in the 32-42 

inch layer of' this profile has destroyed the effect o:f 

depositional differences to some extent~ 

The variation in the distribution of' the heavy minerals 

in the different horizons of these soils shows a deposition-

al difference between the two dif1"erent textured materials., 

Each profile r...a.s a higher percentage of total heavy mi.nerals 

in the upper three horizons., The total heavy minerals of' 

the 32-42 inch layer of' the Taloka No., 1 strengthens the 
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supposition that mixing of the two dif'ferent materials took 

place in this la7er. 

The relationship between the percentage of total heavy 

minerals and the different horizons found in Brown Podsolic 

soils by Matelski and Turk (15) is not present in these 

soilsec 

The total heavy minerals in the A and B horizons of the 

Teller soil appear to be quite similar to those found in the 

upper three horizons of the Taloka soils., It is apparent 

from the total heavy minerals in the 50=70 inch' layer of the 

Teller that this is a non-conforming layer underlying the 

true parent material~ 

The underlying clay horizons of the two Taloka soils 

are quite similar in the characteristics studied. This is 

apparent in the total heavy minerals, the particle size dis

tribution and chemical results of the comparable horizons of 

it-he-:::~:t:wo) prof'iles' The total heavy mine·rals. o:r the C horizon 

of the Teller sandy loam are quite similar to those of the 

clay horizon, of the Taloka soils .. 

Identification of several species of' the heavy mµ71~ral 

i.'raction would be necessary to ascertain the relatio~ship of 

the various horizons o:r the Taloka soils examined. Accord

ing to Marshall (13) if there is no depositional variation 
... ~ ._·,. ~-' L '. ,.- : 

the relative proportion of the highly resistant minerai,s . 
. <-····· 

should be the same for any size fraction throughout the pro

file and the particle size distribution of a given resistant 
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mineral should be the same& The identification of these re

sistant minerals is also necessa.:r•y to determine the origin 

of' the materials present in the prof'iles and to calculate 

the losses and gains in the profileso 



SUMMARY AND CONCLUSIONS 

r The chemical., physical and mineralogical characteris

tics of the two Taloka profiles are very similar .. The 

chemical and physical characteristics of' the Taloka No .. 1 as 

compared to the same properties of the Taloka No. 2 show the 

Pelationships that would be expected in a loessial deposit. 
- . . 

.)f;.'The particle size distribution and the distribution' of' 

the total heavy minerals of these soils indicate de_posi tion ... 

al differences between the silty upper horizons and the 

underlying clayey material. These differences are probably 
I 

due to the upper three horizons of the Taloka soils- -@cX"8~-· 

being loess deposits from the Arkansas River .. The particle 
.... \.'" 

size distribution of the Taloka i;!f;;~-1:· shows evidence of' mix-
i 

ing of' _tJ:?.e lo~s_s deposit and the underlying material in the 

32-42 ineb. layer. 

The percentage of total heavy min.era.ls in the A and B 

horizons of the Teller profile are quite similar to those 

found in the upper three horizons of the two Taloka soils. 

The heavy minerals of the layer designated as the C horizon 

of' the Teller soil in this study shows that it is evidently 

a non-con.forming layer which is unrelated to the A and B 

horizons, however it appears to be related to the clay 

layers of the Taloka soils. 
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Identif'ication of' some species of the accessory groups 
, ;-Cr.,~ .. t c, \;~u._, · ., 

or~ soils would help to ascertain the app,rent deposi-

tional var:tationso This ftirther study would enable the 
. . ' 

determination of the parent materials and the calculation of 

the losses and gains within the profiles. 

It is apparent from this study that the horizons are 

not genetically related throughout the profiles of the 

Taloka soils. The :f'ollowing horizon designations are pro

posed for these soils: 

A1 Da:rker colored surface mineral horizon 

A21 - Lighter colored horizon transitional to one below 

A22cn Light colored horizon containing considerable iron 

concretions 

Alb Former surface horizon o.f the buried profile 

B2b Horizon of accumulation of the buried profile 

~ Parent material of buried profile 

These subscripts (24) more clearly show the relation

ships within the profiles .. Apparently soil development has 

not occurred to a great enough extent in the upper three 

horizons to clearly indicate the proper designations for 

these horizons~ however, the data indicate that they are of 

similar origin .. 
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