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ABSTRACT

Socorro solls are loamy calcisols formed under a wara sedil-
rid clizmate. They have develoned froa loazy calearsous alluvial

lesosits on terraces on both sides of the Rio Grande River. These

I
o

srrzcas [all into thres arblirarily nxaed levels: highar, interw

P

JUE P P UURS IO S £
aeos, o old alluvials, developszl oo ini teruadinte

racas, Wittt nalesosols found

------

T d g rer S b 3T B T cma e Rlha o . T sy
Trickacus of the sobll oyofilss Lncrsasss [IDOw Lhe Foang?r LWED

Lorraces Lo tae older higher Larraces.

{2
5

Jost of the soll proiiles n
mualation, occurring r elat'vely close to the surface in some solls
and desp in others. The zone of lihs accumulation is usually hard-
er, aore compact, and of lighter cvolor than the surface soil.

taboratory studiss were made on Jive ssis of wodsl 5011 samy
and on sasples collected froa saventy-four soll urofiles Jroa the
Socorro area. The modsl soil canplss were analyzed {or soll reac
tion, particle sige, soluble cations, sxchangeabls catlons, elag-

srical conductivity, and carbonate content. Additlonal saaplss

ve a gronouncad zone of llue accu-



from the seventy-four soil profiles were analyzed for silt plus
clay content, soil reaction, soluble cations, extractable catlons,
exchangeable cations, and clay minerals.

Bxchangeable calcium and magnesium ions seea to follow par-
allel patterns in most of the soils. Their vertical distribution

usually decreases to a certain level in the soill, then increases

I

agyain at lower depths. In contrast, the sodiun ion generally increas-

es witn depth then decreases at lower levels. Tne distributlon
o1 exchanpeabls potassiua relative lo the other cations is not
consistente.

Koyement of cations in the Socorro soils and their accusulation
at certain depths in the subsoll are dus to processes of chemical
Jsatnering. In the Socorro area taere is not enough precipitation
to provide a steady downward wovement ol the soil ions. As a result
there is an accunulation of salts in the soil profile. In periods
of rainfall these salts are transported downward in the soil to

the point of maxiaum water penetration. This depth of maxinua water

penetration coincides with the depth of chemical weathering.



TIE DISTRIBUTION OF EXCHANGZABLE CATIONS IN SOME

S0TLS IN THE VICINITY OF SOCORRO, NEW MEXICO.

TTRODYCTION

Pursose and Scope of This Investigation

This research was undertaken to determine the distribution
of the exchangeable cations as a function of depth; the relations
batween distributions of exchangeabls eations, lime accumulation,
and depth of water penetration; and the depth of chemical weather-
ing in soils of the Jocorro area.

The most common exchangeable cations in semiarid regions are
calcium, magnesium, sodium, and potassiua. Therefore, fhey have
heen used as parameters for weasuring changes in the chemical com-
position of the soils studied. The profiles of the individual ex-
changeable cations are the result of water movement accompanied

by cation exchange reactions. The normal pattern of distribution



R

is such that the most strongly adéorbed cations, such as calcium
and magnesium, tend to accumulate in the surface horizon in greater
amounts than do the other cations. The lons tha£ are less strongLy 
adsorbed, such as sodium lons, would increase with depth.

Due to the limited water infiltrafion in semiarid regions,
the profiles of the exchangeable catlons are quite different from
idesl cases where waler moves dowm through th whole soil profile.

Preliminary studies revealed tnat soils in the vicinity of socorro

cations at certain denths within their profiles.
Location and General Features of the Area

The arez studied is situated in the U.S. Geologlcal sSurvey
f

fifteen ninute 3ocorrs quadrangle, 3Socorro County, Hew Mexico
(Plates T and IT). The gquadrangle is hounded by parallels 3&915’

and 351009 north latitude and meridians lO?POO' and lﬁf)lﬁ' uest
longitude. The quadrangle is about 260 square miles in area and lles
in the center of the County. The town of Socorro, the largest touwn
and County Seat, is four miles north of the southern boundary of
the Socorro quadréngle. Albuquerque is 75 miles north of Socorro,
and 4l Paso, Texas is 195 miles 1o the south. U.S. Eighways 50 and
85 run tarough the area east-west and norti-south respactively.

A fou improved state roads and ranch roads are found within the area.

These, along with some arroyos, constitute the wmeans of acecess to
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Index map showing locatlon of
the area from whlch saaples were
sttained {shown in black).
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most of the sampled locations.
The Rio Grande River flows through the center of the area

from the north to the south. It runs in a depression characterized

by the presence of remnants of tlerraces on both sides.
wethod of Szmpling

.vield work for this dissertation was started on Juns &, 1501,
and was continued through “bveaber 135, 1961. during this time four
hundred and forty-sizht soil samples were collected from sevenly-
four soil profiles. The locations ol thes= soils are shown on the
Socorro topograpnic mep {Plate III). Tive additional sets ol soil
proiiles were later located, deseribed, and sanpled by horizon during‘
the veriod of Kay 3, to fay 25, 1962, The émthod used was that &ef

T

rlmed in J.S.0.4,. 0011 Survey Staff, Handhook MHo. 13, {1451, D.

Q

174-180). The original seventy-four soil nrafiles were sanplad by

arbitrary divisions. ihen a satisfactory soil section was found, a
fresh vertical face % 5 exposed DYy cutting back into the surface
with a shovel or a geolozic hemmer. This surface was then swoothed
and divided into genetic horigons, or into six equal layers. These
layers were from six to twelve inches thick depending on the ithick-
nass of the soil profile. Samples were collected commencing with

ne lowast marked layer and working upward in order to aveld any

contamination from the overlying soil. About two kilograms of soil
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were removed from each layer and placed into a cloth sack. The.
altitudes of the soils were determined by interpolation from topo-

grapalc maps.
Previous Studies

Thero are na sublished records about the exchangeable catlons

2l composition of soils of the Jocoryo area.
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miansh the Laportance of sxchangeable cations is well recognized,
infornation on their distribution in these soils ‘Le rathsr maager.

ancentration of cations in the A3 fferent hori-

[#]

infarmation on the
zons may be usaful in estinating the deyzres of leaching and weather-

ine that have taken place in profile developaent, The zuthor found
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in the literature, papers written by iibbadd (1543), Inlmes (1523),
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autler (195%), Swaine 2nd Hitchell (1262), and Short (L950), desl-
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These reports were helpful regarding methods of presentation of the

data.
Climate

The Socorro area is considered to have a seniarid clinate,
based on an average annual precipitation of about ten inches, (Blair,
1942, p.295). The area is characterized by clear days, strong wind

movement (particularly in the spring), summer rainfall, and soue



snow in the winter. The area has a wide seasonal'range of tempéra—
ture, rainfall, and evaporation. Climatlec data on precipitation

and temperature for the Socorro arza and evaporation data for the
Bosque del Apache area, which is just south of the Socorro area,
were obtained from records of the U.:3, Jeather Bureau, (U.3. Deparbt-
ment of Uommerée. 1956-60).

[}

The averaze annusl precinitztlon, based on data for the perisd

] N . z 3 . w 7y . o
55% of the ennual rainfall occurs in ths four wonths, July, August,

Jeptenber, and Tctober. ilast of ths swamer raln odccuars in heavy
shovers. s averaze znnaul snaufall does not excead 3.0 inchee,

(Lasky, 1932, n.l4). The average snnual temperature, hased on data

for thz2 pertod 1323-1880, is 53

Pan svaporation data from the Bosque del Apache area near

0

Socorro were usad dus to the lack of such data for tae JSocorros ares,
The evapbration rate is highest in the sunmer months. The average
evaporation rates in May, June, and July are 12.8, 14.0, and 12.1
inches vespectively. Average znnual evaﬁoratioﬁ. based on data from
1949.1950, is 100 iﬁches. The infarmation on rainfall and precipitza-

tien shows that the evanoration/precipitation ratio is hizh in the

)

Socorroe arsa.
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30il Iocation HNumbers

The location numbering system used in this investigation is
similar to one used by the U.S. Geological Survey. The locations
of soil sections are determined according to the rectangular systiem
for thz suujivision of nablic land. The 501l number 35/14-257, which
was asatgnsd Lo a 5ol section thres miles south of Sccorro, repe

P cries T e A T b 2 e ot 1 1) 2 U SOV, B 3
resents an exanola: S8 indicates Tovmshin 3 Sonth (T.33); 1YW lndi-

-

out =starn quarter of

+

arn quarter ol seetiom 25. The leifer O ghows the locs-

tion within She sechlon, seeoriing to the following <diggram wnlen

. R ¥ TR T S 4 L Y )
reoresents divisions within tha sscilon.
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GENTRAL GEOIOGY

The early geologic and paysiographic development of the Socorro
arsa has bsen controlled by structure, srosion, and deposition.

Tha area can bs divided physiographically into mountain highlands,
terrace surfaces and the Rio (rande flood plain. The mountain ranges
that lie to the west of the area:s the uadron, Lemitar, Socorro, and
yazlalena mountsins, and those to the east: the hanzano, (hupadero,
and Jscura sountains, are reanznts oI the structural developaent

57 the Ris Grande graden. Uplifiing resultsd in elevation of these
cordering highlands relatlve to the iio fraands depression, {Spiegel,
1555, pei=13}. in the arsa.inere ars several Lerrace reanants walch

it

slope touar! the Rio Crande lood plain. These lerrace suriaces

5

indicate oslder, sbtable, Ris Grande base levels. They fora ons of
the aost outstanding physiograpaic features of the area.

Fhe zeneral trend of the Kic urande Valley is in a norta-south
direction. The flood plain of the river 1s about taree miles wide
in the Socorro area and broadens to the north. The altitude of the
river varies from 4;660 feet in the north to 4,570 feet in the south,
indicating a very gentle graadient to the soutn. The river's flood
plain beinz at an average elevation of 4,500 feet gives tae area a
aaxinum relief of 2,700 fesi. The valley floor rises to the terrace

plains through many arroyos. On the east side of the Rio Grande the
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drainage consists.of more or less parallel étreams which flow generw
ally in é westerly direction to the Rio Grande. On the west side
of the river the dratnage consists of streams which flow genarally
in an easterly direction teo the river. These arroyos and the Rio
(rande constitute the main drainagé of the area.

e zoils studied in The Socorrs area are developad on allue
Larracas ou oota sides
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the city of Sozorrs 1z situsnted. Uhz intermeliste terraces ocour
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The rock Lypes found in tas Sacorro area iaclude sesilaenlary,

igneouas, and watbamorvohle, and <hey range Lo age from Precaabrian
to Receant, (ﬁilpot and Wansk, 1951}, Tae Fre-Genozale rocks end

14
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Cenozoic voleanics are found mainiy in mountains and hills on the
margins of the Rio Grande Valley. The Cenozoic‘roeks cover broad
areas on poth sides of the valley and comprise the valley fill to
a dapth of at leésb 4,000 feet, (Anderson, 1953, p.29).

Tor descriptive purposes tne rocks can be grouped into four
categoriast Trecaubrian, raleozolc, «esaozoie, and Cenogzoice (Plates

T oana Vi): and into thres geographical areas: tne aastern horder

6 the Llo granas Yalley, tne western border of tae Rio grande

inlley, anu Las dlo uranis valley.

b T, o e v Tl Al ST o v Te T ae
e Tastern Dorjer o7 Lhe Rlo Uran.a Jalley

PDenigs mpen oo dnwe oy T E 3
Praanandrlan DeLs

s -
Precanbrian rocks nake uo the Basenont comolax of tiht arsa.
Granite, gneilss, and schist are the main ronls tyses. Jeecanbrian

rocks are expased in the southern nart af the Lo Joyits Hillz and

in some areas east of Socorrn {Plate V).

¥

Palaozole Rocks

Paleozolc sediments of the Socorro cuadrangle are nelodsd Lo

the Yacdalena group and the Abo, Yeso, and San Anxdres forszilons.
The Magdalena group is of Pennsylvanizn age. Taleswolc seulaents of
this group predominate in the hills east of the zivar. The roc

LY

re highly calcareous and consist predominantly of limesione, but
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also include sandstone and shale members. The Abo formation is of
lower Permian (%) age, and consists of sandstone, snale, and arkose.
The formation crops out in the hills east of the Rio Grande Hiver.r
Tae Yeso formation is of Permian age and consists of limestone,
gypsum, gypsiferous shale and sandstone; gypswa is mainly found

in the Canas gypsum member. The dan Andres formation of the upper

Permian consists mainly of limestone, sandstone, and pypswa. it is

cte "“\:‘y) L

)

the river (Pl

I

e . e
Sammany i Snyokes
SEEOEY D NI

The Pesoroic rocks exposad in the area are of lretaceous aze.

asm zra reoraseniad by Dakota sandstone, dancos shale and the

sasa Varde group. S2disents of tails period crop out only in the

northeastern part of the area in Valle dey Ojo de la Farida (Plate V).

Tertiarv--The Tertiary sediments outcropping in the area cone

- & [ .

sist of the Baca, Popotosa (7), and Datil formations and the Santa
¥a group. The Baca formation, which is composed of reddish sandstone

1

and conglomerate, is exposed in the southern part of Valle del 0o
de la Parida. The presence of Popotosa formation in the arsa east

of tha Eilo Grande is doubtful. The Santa Fe group crops out in

F’] . “ e - .
Parsonal communication from ¥r. Bruce DeBrine.
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several areas sast of the river. It includes sandstone, gravel,
clay, and shale. It overlies sarlier foramatlons along the esastern
horier of the Rio Grandse graben., The Datil formation is found in

soma areas in the northeastern side of the arsa. It consists of

e

on and

Y

lava flows which are andesitic and rhvolitie in composit

interlisvered sediments.

Mmaternary--ime guaternary deposics are representsd oy nedi-

&

mant gravel, alloviaa, allavial fan Zeposits and ssad Junes. [hase

are all crouned under the teri alluvial deposius Dor convenience.

rpaval, ooarss and Sine sand, sili, and

s s
e alluvial
- s N e o Ty e . - - 3S e oy oen e vm o G 4 TR oo . . ¥ 2
2lzv, govar moat of the early selldents present. Me characler of
4y omenny by imtieo AnAdioaagtoc Peear Floser o tevysd P A -

Lo aeaterinls: AndLideas LAAT \.«.'.lt;-{ »s.-el“e AL VEed LI‘{)!»L L1 Sronion

af the older Tormations present in the sprrounding mountains.

1,

M™e Lestern Zorder of the Rin Orande Valley

Grenite, snelss, schist, quartzite, and argillite {zreenstone},

are tae aain rock types in this group, {Lasky, 1932, »2.17}. They

ara exposed in the Soeorro and the Leaitar Jills.

Paleozoin rocks ars reprasented by the Pennsylvanian dagdalena

zroup consisting of limestone, conglomerates, shales and quartzite.

17



These sediments outerop in the Socorro and the Lemitar Hills.

Cenozole Rocks

Tertiary--Volcanic rocks and interbedded sediments of thé
Datil foruation constitute most of the Socorro Peak district. These
Tertiary sediments make up about one third of the exposed rocks of
that area, (Lasky, 1932, p.119-20). This formation is also exposed
in the Lemitar Hills. The Popotosa formation outcrops in tie Soéurra
Peak area. Ib is couwposed of sandstone, sllt and clay. The oanta
Te group sediments are found exposed in many areas of the western

bhordisr. These sediments rest on sarlier rock units,

Quaternary--Quaternary sediments include pediment gravels,
alluvium and alluvial fan deposits. Other.rock units of Quaternary
age are basalt flows. These gediments form a thin veneer over the

older rock units.
Tne Rio Grande Valley

The valley fill deposits in the Rio Grande basin consist mostly
of unconsolidated or nartly consolidated sediments of the Cenogoic
age. These sediments cover most of the area between the mountains.

Tae Tertiary sediments in this area include the Baca and Popotosa

*Personal comaunication from Dr. Zane Spiegel, 1962.

-
Cw



formations, and the Santa Fe group. The latter group, which 1s the
most extensive deposit in the valley fill, is exposed along terrace
escarpments, (Spiegel, 1955. p.h0). The Guaternary seliments ine
clude pediment gravel, alluviuwa and alluvial fan deposits winlch are
grouped here as alluvial deposits. The Quatefnary deposits rest over
the older sedinents. The Aio Grande Valley is characterized by the
presence of terrace remnants which represent a succession of terraces
sullt by wne Rio Jraads Oy syceessive scouring consequent to louver-

ins of ihs grads. dach of thess terrace suriaces represent a period

»

Al His Jdrande stable pase levels.
Sinca the sesiusnts fescrioced were all faried as erosional

products froa the same general rock rormnations and daposited aftsr

s
<
(b
o
jsp
[
4]
[}
)]
i
T
ot
o)
4
[
'_J

aixing in a fluvial environment, they all ha
cnaracteristics of lithology, texture, ceﬁentation, and rock {raz-
ment types. These alluvial deposits contain cobbles, gravels, sand,
and clay. Deposits on the castern side of the river have wore sedl-
mentary rock fragaents than those on the western side. The latter
side has more volcanic and igneous debris.

vor a sumary of the geologlc units in the three areais listed

above, see lable I.

19
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Plate V7T

Generalized colupnzr ssctions
of the Jocorro quadrangle,
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Summary of zesloszic units

ks,
(Spiegal, 1955).



SUMMARY OF GEOLOGIC UNITS

rEra System Geologic Unit Thickness (ft.) Dascriptien
r Wind-blown sand Fine to medium well-sortad sand.
3 .
w Mlluvial fan deposits Coarse debris at mountain fronts,merging into
Qua ternary 2 pediment gravels.
f Alluvium 0-200 % Fine sand,silt and some coarse channel gravels.
o
E Volcanic rocks Basalt and basaltic flow. R
i
o P
= k Pediment gravel Gravel and boulders in a silty or sandy matrix.
x]
=) .
% | Upper Tertiary Santa Fe group 500 to 5000 (est.) | S$ilt,clay,sand,and gravel beds having much horizon-
< tal and vertical variation.

Popotosa formation 4000 to 5000 (est.)| Thick conglomeratic sandstone (upper part) and fine-
grained sandstone,siltstone,and clay (lowar part)
containing much reworked volcanic debris.

Lower Tertiary Datil formaticn 2000 (eat.) t Thick flows of purple,red,and gray rhyolite and

?) andesite with reworked tuffs and-clays.

Lowsr Tertiary Baca formation 80 to 10L Sandstone and conglomerate,well cemented.
& Mesa Vsode group 200 * Buff sandstone and shale.
[
g: Cretacaous Mancos Shals 700 % Light brown sandstone,siltstone, and shale.
a Dakota sandstone 100 © | Well cemented medium-grained sandstone mottled brown

and black; some sandy black shale.
San Andres formation?
Upper member 0 to 20 3iltstone and fine-grained sandstone.
Limestone member 300 £ Bedded limestone and gypsum with solutlonally
enlarged openings.
Glorieta sandstona 100 to 200 Massive light red-brown fine-medium-grained sandstone.
member -
Permian Yeso formation: ) -
Joyita sandstone 20 to 30 Mostly silstone and fine-grained sandstone.
member
Canas gypsum 0 to 30 Gypsum,limestone,and sandstone.
member
Torres member 40O to 650 Gypsum,1imestone,and sandstone.
Meseta Blanca sand- | 60 to 1L0 Massive light red-brown fine-medium-grained sandstone.
stone member
Parmian Abo formation 500 te 1100 Thick red shale beds,partially cemented sandstone
(7) and siltstone.
;/Bursum formation 80 to 120 Purple and maroon shale,fine-grained sandstone,
H and thin limestone layers.
!
Madera limestones 0 to 520 Gray limestone with green-gray shale and well cemented
) Arkosic limestone sandstone,especially in lower half.
=] member (east of
g the Rio Grande)
g possible squiva—
a, lent of
a Atrasado member 550 to 800 Red to gray shale,conglomeratic sandstone and
g  (west of the Rio limestone.
5 Grande)
E o
p Pennsylvanian g Lower limestone 80 to 830 Cherty gray limestone,shale,and well cemented
i c] nmember (east of the conglomeratic sandstone.
%  Ria Grande) possible
4 equivalent of
Gray Mesa member B50 to 900 Moatly cherty gray limestone
(west of Rio Grande)
Sandia formationt LKoo H Well cemented conglomeratic sandstone,carbonaceous
Upper clastic mewber shale,and sandy limestone.
K Lower limestone 0 to 15 Dark limestone and light colored sandstone.
member
Precambrian LOOO to 5000 Schist,quartzite,rhyolite,and old intrusive granita.

i




ION EXCHANGE

Ionic exchanye reactions are among the most important reactions
aecurring in soills. Ton exchange is that process by which cations and
anions are exchanged between solid and liquid phases of the soil when

in close contact with each otner. Only catlon exchange has been

a 301l may play major roles in the exchange
reactions. The solls stuldied in the Socorro area are low in orpan-
ic content, so the role of organic constituents in the exchange
vrocess was noel considered.

Ion ¥xchange Haterizl of the Soll.

chinaetric and reversible. they

~i

s

Ton exchange reactions ars sto

are true eguilibrium reactions and can be represented as follows:

+
CR + D= UR + C¥

. . + e .
(r represents cation exchanger, C and D are cations)

M

The unit most used in dealing with exchange reactions is the milli-
equivalent, (m.s.), which is defined as the amount of any ion that
will coabine with or displace one ailligrasx, (m.e.), of hydrogen.
For example, one m.e. of calcium is 0,320 grams. Cation-exchange
capacity can be defined guantitatively as the total exchangeable

catlons adsorbed by the soil in wuillieguivalents per 1930 grams

23




of solid (m.e./100 g5 ) e

30il is a heterogeneous, disperse system of solid, liquid,
snd gaseous comnonents in various proportions. The solid component
of the soil is ma:de up of primary winerals and hydrous oxides aﬂd

secondary minerals which snelude some of the clay minerals. Buring

+ne course of weathering, thesse winerals are broken doun into finsr
and f

ciney sitzed particles culainating in particles of eolloidal
cize. The adsorplive pover of particles increases with their fine-

ness, reachlng a maximuga in tae collonidal range owinz Lo the nizh

specific surface aXpoSad.

Clay Hinerals

The physical and chexnical pfoperties ofjsoils are controlled
to a considerable extent by clay ainerals which act as centers of
activity around which chemical reactions and base exchange ocCUr.
Clays are characteriged by large surface areas per unilt «ass and
the presence of surface charges to which itons becone attached.
The term clay carries with it several implications two of which are
(a) "..,an essential composition of narticles of very fine size
crades;? (b) Peeean esSential composition of crystalline fraguents
of minerals that are éssentially hydrous aluminun silicabes,? (Urim,
1942: AGT, Glossary of Geology, 1965, pe52). gther definitions are,
"30il consisting of inorganic material, tas grains of which have
dizmeters sasller than Q.Oﬁﬁmm.“[ﬁ.s. Bureau of Soils Classificatioﬂ};

a
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and *Fine grained soil that has a high plastiéity index in relaw
tion to the liquid limit and consists wainly of particles less than
8,074 mm. (passing No. 200 sieve) inAdiameter.“[ﬁaterways Expt.
Sta., 19533, (AGT, Glossary of Geology, 1962, p.52).

Forwation of i.e various clay minerals hinges largely upon
the nyirolysis of alumino-silicate minerals, most ilmportant of

uhleh are the Teldspars and aicas. A freguently occurring feldspar

by

i
o
<
]
o

noeclase {(KA131-0a). Hydrolysis of orthoclase goes slowly and
3 .,;; " P '

czn be represented by the following approximate equation, (Yaalon,

ES _
L R Tt { vty A AT 24 Ehe
AL, 5i,0 (03), + 442;13&!+ 2K 4+ 20U
linite soluble salts an:d ions

il v
Clay o

o3

inerals are aluminum silicates carrying in addition such
cations as sodium, iron, or magneslud.

The layer lattice alumino-silicafes can be divided into two
categories on the basis of their silica:alumina ratic as follows:
1.} The 1l:1 type includes those minerals in which a single
zyer is composed of silicon lons situated at the cenier
of tetrshedra formed by four oxygen ions, alternating with

a layer having an aluminum ion surrounded hy six oxygen

or hydroxyl ions arranged in the form of an cctahedron.

(5
L



S

Axampies of this type are waoiinite, nalloysite, nacrite,
and dickite. Kaolinlve, Aquihﬁqa(Dﬂ)g, 1s the only one

auong the previously mentioned minerals, which is of lu-

Lyl

oy 0-08 linkages, (Griu, 1953, Peib?

rixed and doss nol orainarily expand when wstbed with water.

Cabions and soil solution cannot enter betieen Lag STLIUU-

turas uin

s of the wineral. i

ju
b
o
=
@
e
o
%
=3
9}
fed]
=]
[ 44]
ri

thereoy resLrici-
ed to the outer suriace. This 15 wny kaolinite nas a 1o
exchange Gapacliy. fgeording to Orim, VLY S, 0.129), the
eRCNAN® capag ity of k
Zranse Lne structural unit of kaolinite is neutral. Zxchange-
anle cations are boun  wnly Dy unsaturated bonds on the

edages of ine crystal particles.

The 251 type includes a larger variety of clay wminerals
having unit structures caqsisting of two tetrahedral silica
planes bonded together by one octanedral alumina plane.
These planes are bound together by mutually shared oxygen
atoms. The structural uniis are loosely neld together by
ueak oxygen-alkali or ~alkaline earth bonds. Examples of
this type of clay mineral are montmorlllonwte. bcldelllte.

{1lite, vermiculite, and chlorite. Of these, montmorillonite

26
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. 1o ‘: "\E e, e vt o ot a3 -4 3 £ L

S V70T ). Therelors, whe D.oitE dimsnzsion 3§ BoL Mwed
(A A Fpepyr e R N LYy my i I P n
but variss from aboub S0 D0 WL than L7.2 angsiromsb.

e e T e A e o a 1 3 £ kY
Tha Cenls dlmenslon depsnds sond what on the size of the

interlayer cabion; btho larga? the cation, the larger the

C.axis, Cablon axenangs capacity ol air dry montmorillo=

nite rangaes Leort 00 L0 115 wees /100 grams, (Kallej, 19,

SRS I
ation Fxehange frinciples
nate of Ion ixehange Zeaction
Aa the exchange 15 a2 syriace reaction, 1t oroc eads ‘st 2s

fast as ions froum tle spiution are sunplied to the exc nanse nater-
3al. The rata of exchauge is generally woreyracid for kaslinite
winerals where the exchange takes place malely o0 the edges oi the
particles, In the aontimorillonite mineral aost of tne exchangs

ocours velween the layers and tne rate of exchange is thereiore
likely to be cepemient on the interlayer spacing Or decres of svellw

ing. Hxcaange in oih

than in the clay minerals.

.
"
LLO

Iffect of Concentrabticon

felley and Jumalns, (1921, p.154=5

o ++ A
ment of {a and ©ig 10

s
Lio
LLO

tion of the sodium in the soll solut

the same results, nowever, ne

ier minerals of tne exchange coaple

ex is siouver

), found that the replace-

. TR T S R . .
ns oy Ka sors increased as the concentra=

cedroiz found

concluded that the replacenent was



not in direct proportion to the concentration, {Kelley, 1648, p.48).
In general, with constant amounts ol exchange material and exchange
snlution, the more concentrated the solution, the greater the amount

of exchange.

nffect of Tamnarature

The temperature effect on cation exchanuie reaction is pgenerally
c1all. High teaperature CAusSes a slight increase in the rate of the
rapid ion exchange, and 2 greater increase in the rate of tne 510w

ton exchanze (¥elley, 1945, 0e53).
o= ®

nflusnce of fhe sxchanre anterial

e following factors arevof great influence on excnange re-
actions:

1.) The exchange capacity of tne exchange material has an effect
on the distribution of different jons adsorbed by it.

2.) The geometric fit of ions snto the mineral structure influ=-
ences the exchange reacticu. Generally,‘the petter a cation
fits into its coordination, that is, the size of the cation
relative to the size of the interstice in which it is presgnt,
the more strongly it is linked to the structure. For ex-
ample, potasslua has an 1onic dianeter of 2.56 K wnich is

" the sama as the diamater of the cavity in the oXxygen layer

. . + . .
of montmorillonite, so that the ¥ lon can just fit in one

29



of these cavities, (Page and Baver, 1929, p.152). As a
consequence, the ¥+ ion becomes fixed.

3.) Clogging of exchange spots reduces the exchange capacity.
ﬁion has pointed out that iron oxide may reduce the catién
exchange capacity of clay minerals by a ¢clogging action,

(Dion, 1944, 0. 419-207.

nelative Replacing pover of Cations

In soils tae relative renlacing power of cations zenerally
: TS ey B . _ -
follows tne ordar #¥{ ¢ %3 unere the order of relative replac-

Th

)

>

ing power is related Lo the valency. adsorption affiniﬁy increas-
es with the valence. [oSS, {1043, p.226), pave the following orwder

of replacing power ol ions: et ﬂa+<sﬂ+< K+R<Hg++< catt The relative
reslacing power of catlons is 1nfluenced by many factors including

the concentration oi the solablion, the sxchange capacity of the

exchange material, and tne nature of the LONS.

Ssurce of the Hegative Chargze of the Fxchange ilaterial

Tne most well studied exchange caterials are the clay minerals,
thus, this discussion of the soucces of the negative charges is re-
stricted to clays. Grid, (1953, pe132-3), lists tne followinyg sources
of negative charges:

1.) Exposed crystal edges, braken bonds, whicn are tne unsate-

isfied valencies at the oroken edges of the silica and

30
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s

aluving sheets, arc seurzes 5T neyative therges. Tee axe

terpzl sarfecoes of the mirarals liks kaolinite hsvae some

aresed hydroyyl grours which alen schk as oxchange sitos.

1

The ayiroxyl sroupes tre zhtache? to 41 atoss within the
2lusina lzver, Tha T of thesz O zrodcs 2h:
1 ryotive cuorze cerried by the O of the Od group. Zroken

hois tnerease as the particle sige decreases. This phenow=

0

enon apparently sceounts for most of the exchangs capacity

clay minerals, and sowme of the exchange
cmoacity of the 2:1 olay minerals.
Tanie ocunstitabions, snother source of unsatisiied charge

the substitubicn of one atos

ar
il

tize. s may substituis for

. 22 o + . e ey e
tha pasis of one iy atom ior

sach AL sbon zreplaced. Substitatlon within bus sillen layer

may zlso Lake plzeg. These replrceuonis resuibt in unsaltis-

fied valency or negative charge walen workd e halanced

by adserption of cations. locic suvstitution fo the ucst

importaant fzctor of the 2:1 nlay aineral adsording cavacity.



SOILS OF THE SOCORRO AREA

Soils of the Socorro area have been develoned on denosits that

have passed thraugh a avels or cveles of weathering. trancporiatlon,

]

and sedimentation. These dnpasits have been forued frov ratart

1

that was oryivcar wash ages, reaoved by owiianry

B

1 denosit

}

141
-
7%
O
o
i"'"

5

Renudation znd denosited as allavis
. [

o

Formation is duo to 2 gsuecesoicn of continuous changesz of these
alluvial pareat aaterials. In the process of soil developient def.

m

inite izons are forzed. The complete suc si af horizons dou
te hor s are forae he conplet cassion of horizons doun

el 3T mee ke j1ova - oo $ s 34 -~ [ R P BT .
to and including the urper sart of ths aniifferentizted parsnt sater-

127 ponshitotez the ooll arn

i D " 3 [P T [T
la, 50il orofiles GAaLaen nave

*les uhich are not well

full devslsy
developed or undeveloped are called l.anaturs.

H

o

Tha aurfacae soll =hlg
is the A horizon; ths lower soil strabum, subsoll, which has galned
sunstances, is denotad a3 the 5 horizon. The zone uaderlylng the B

1

2 IR 1 b T Ry, TN -3 ERTW o B! sy N\ S o e
horizon 12 callsd the O forizon, Thls norlion any 1o 50488 CaSsad

reprasent the uniifferentiated parant material.

Jeathering of surface rocks gives soils as end productis. The

weathering processes are malnly due to the presence of water, oxygen,

and carbon dioxide. Weathering reactions can be divided into tu



ETOUPS, physical and chenical. Physica} weathering, or disintegra-
tion, is responsible for the graduaiibreaking dowm of rocks into
smaller and smaller fragments without éontributing chasical changes.
Cthenmical weathering, or decouposition, involves chemical changss

with formation of Jifferent products. Physical weathering renders
rocks more susceptible to agents of chemlcal seathering and vice versa.

1

After peiny veatnered, the products of disinterration and dee
compnsition were resovel mechanically and transoorted doin to Lhe

vallay. After the mnterial was deposited, soil develonuent siarted.

e start of profile geveloonent in ths sartislly weathered prrent

an procesd simaltaneously; and this is the case in the S0CoTYo ared.
The -jezthering process ceases only when the &oil materiazl mo longer

contains unueathered ainerals.

Tocks disintagrate slowly under the influence of many factors
including temperature variations, rainfall, and wind movenent.

-

ocks are agyrezates of minerals which 4iffer in thelr coefficients

=

of expansion upon beiny weated. Thus, due to temperature changes,
Jifrerent stresses are set up which uay eventually cause the rock
to gradually crumble. setting, due to rainfall, and subsequent

drying tends to weaken rock structure.
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is negligible except in casaes where soluble salts are present in
the disintegrated rock. Soluble salis are principally carbonates

and bicarbonates of caleium, wagnesium, sodlua, and potassium which

Cther

Vo Tt o % avralr@s R
AvdroLysis LAVOLYVES wae

. .
LRATL

I R
WANET .

D

AVGYOXT L

in solution

I L PPt Al ot )
zragher tne ailect 21 W LA

econdary sroducts,

negieal combination of

in soils hvdration involves ihe ¢

or example, oxides of iron hydraie %o

sve limoniie and geothite. Hydratlon preceeds hydrolysis
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Lxchange Reactions

weathering 15 not simply the preakdown of primary ainerals

followed by leaching. "Far wore cowmonly, cheamilcal weathering is

i
g
pas

a matter of piece-meal ionic exchanye, which alters, but doe

esthering processe

42
'..é .
-
o
]

gestroy outright,” (Heiche, 1v
volve the liberation of alkalies and alkaling gartn ions unich way
or way not be retained by the secondary ainerals, gepending on eX-
change reactions. The natare of the neathered product dependis to 2
srest exteai on wiethsr or not the alialies and alkaline eartis are

. . ..,\ P T . 1 T Y v 5 . 7o .
ratainei. Carbonic acid 13 one of the acids uhlch facilitates eXs

o TITICERIES

uJ

.
a1l Profile developaent

The term soill has different neanings to Jorkers in different
fields. For exauple, the engineer refers to unconsolidated waterizl
at the earth's surface as soll, (3pangler, 1960, p.3), wneraas
the soil scientist defines soil as "The earth material which nas
been so ﬁodifieﬁ and acted upon by physical, cnemical, and Dio-
logical agents that it will supoort rooted plants,” {AGL, Clossary

of feology, 1960, n.27L). The author nrelers and f0llows tha latier

S0ils of the Jocorro area are found on lovar, intermediate,

and higher terraces.



The solls develOped on‘the lower terraces uay pe subiect to
flooding. The parent materials of these sotls are of recent depo-
sition but they are older than those of the arroyo bottoms’and have
peen modified to a certain extent by veathering. Soils of this cate-

=

t different altitodas, (Flate III). Soils of ihe

o

gory are found
1lower terraces arc youiiy same line sccumulation i found in bhel:
subsoilu. They nove spherited their iime O ntent from the older
aaterials of the ?i cher levels.

The soils found on interuediate terraces show wore nrofile
developaent than those dgveloned on the love terraces. Ifney were

developad ron the saue -aneral parent catarials under sinilar

climatic sonlitions bub they are of nlder age. Joils of this zZroud

s

are nob subiect Lo £1o0dtn: swneas Lasy lief=all above the recent

1luvial flood plain. e axtent of leaching in these soils varies
from one place to the othap. The lime accusdulation zZone 15 narder
than the lime accuasiatlion ooe of s3ils on lower terraces and it
is claser to the surrace. |

Soils on the higher terraces are relatively aature. They are

the oldest soils éampled from the area. [hese soils penerally have
a friable, loose, weathered surface, followed 0y & nard zone of liue
aceumulation, This zone of accunulaticn is usually hard to very
hard, more compact, and of 1izhter color than the surface soil.
Buried soils were found in places under more recently deveioped

soils on the higher terraces.
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S0ils East of the Rio Grande.

Soils froim the eastern side of the Rio (rande are of browm
to dark brown and reddish browm colors. They are of sandy loam and

loamy sand texture. Surface solls are mostly granulesr, loose, por-

ous, and soft, with none to very few ag-resates. the surface soll
leads to the subsoil which commonly becomes lighter in color. The

subsoil i3 asually of har and orisaatic

"

sructure. fhese zoils contain calclus and aggnesium carponates

G
4

5

az well as gyoswa, sl Ln soae areas helite nay be presenb. They
1

ef fervesca with hyirochlnric acitd frow fae surtace domnward, the

strensth of effervescence inereasing with depta, iwileating a ni

percentags of llue accwaulation. Small lime conereti~sng are usually

visible at scwme depth in tha profile. Calclas and magneslun GErbo-
nates can he Cound also 25 coatings around rock fragments and as
cementing szents between sand and gravel..ﬁt depths renging froa

36 to 80 inches soils merye into their parent waterial. Parent
materials rangé from uncohsolidated alluvial sediwents of the Quater-
nary or late Tertiary to rediisa brown consolidated sediments of

Tertiary and older perlods.

Sails dest of the Rio Crande.

Seils frou the western side of the Rio Urande are of light

broun to brown color. Surface soils are of sandy to sandy loa

39
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texture with 2 hizh degree of stoniness; they are loose, friable,
and structureless. Sabhsoils are usuvally harder, fira, and of blocky
ar orispatic structure. Soils west of the river are less calecareous
than those to the ¢ ﬂst..thcy cdﬁtann less éarbonate angd zyssam- 1n

their profiles and they have developed froam allavizl narent usterial

ward, bthe strangln
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ol el fervescencs

PR R BN P ., i El
in o =5ils eachk of the river. -

Snue aatle L the vicirity of Socorro nsve been afacted by

are consarsule acrohologically to

Pigh terrsoes, Tha:
anders soils. They nave iight bextured & anid nervier Loextored J
norirosns. Ln places, srosion has removed the recent deposits ex-
posing the palevsols to a new cycle of weatasring.

Pive soil sections were studied 2nd sampled in detail frow

.,

the western side of the Rin Grande. These are descrined on the

=13 shoervations i laboretory snalyses and hereaf'ter

are referres to ss sodel soils. Vrofile descriptions will folicw,
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Trosion: Dllfﬂt wind erosion and accunulation.

woot distribution:

501l morpholopy:

Jona

by

&

_M

hﬁ_l

J

o3

septh {In.)

=2

2o 503

5372

72-90

roots in the A layer,

very light brown (10¥a7f4,dry) ﬂul brown
(]."Ida/%,uolbt), coarse sandy loam, 205
gravel, structureless, loose, veary ifriable,
aon-sbicky when wet, very few rools, effer-
vesces weakly, clear bounldsry.

‘. P~
.qL Lrovm (7. SYEL i Gry )

I Zon

/i, moist), loany [ine san

Lemar structars, Loose,
1y sticky hen vet, Faug roohs, eitera
sees stror claar bourlary.

o6, Ary ) snd browm (7.3
A'we %”n%y 10?& ne 1” Sut-

1y DEL"“ uﬁ?ﬂ xht, no “Outb,_
strongly, diffused boundary.

Brown (e.)LJ Y4, dry) and brown {7.5(R
Bli, wolst), ul]tY clay loan, woderate
columnar stroctare, hari, Tirm, ana abioky
wmen wet, no roots, effervesces strongly,
abrup t boundary.

Lisht yray (LOYES/1, dry) and light yellow-
ish brown {L07R6/4, woist), silt loas to
silt, moderate columnar structure, hard,
friable, slightly sticky when wet, effer-
vesces strongly.

“Hediawm yellouish brown (l“"‘r’i‘ii/ﬁ, dry;} ani

pedium yellowlish nrown (1;Y{;/w, soist)
sand, structureless, loose, dry, very fri-
able, non-sticky when wet, ef Tervescas
slightly, contains iron oxide staining.
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Plate Vi

o

smotosraph of model soil 33/LlW=123 (A).
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501l 35/14-118 (B)

Soil btype: Huried paleosol.
Parent material: Alluvial, ceontsins woleanic rock frayments.
Paysiograpiny: ligh tervace.

Relief: Folling.

sEanlpnsss: Fore than 52c Ln top wash sediment (0.

soLL worpolosys

Zone bepka (In.)
obo L2 Teet of very 1 E
drv}, very stony, tore bhan 5275 cobbles
ani gravels, doalnantly v voleanic {rayolite,
redilish tufl, and breccia}, fevy sedinentary
rack Tragments (uanfafone. shale and lise-
stone), shows no soil developument, louer
sides of pebbles coated with liwme, adrupt
boundary.

ﬁb Pelid Lizht browm (7. YEGf i, dry} and mediun
provm (5YRe/4, coist), sandy, soft, fri-
able, non-sticky wien wet, veal angular
blocky structure, effervesces strongly.

A4 15=25 ~ trown (7.5YR3/2, dry) and dark brown

(7.5YR4/2, woist), sandy loza, .oderate
blocky stracture, slightly sard, fiva,
sticky, and slightly plastic when wet,
clear boundary, effervesces strongly.

hi
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Photopraph of model soil 95/ 13-118
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By 25=47 Light yellowish brown (LOYRG/4, dry) and
= aediua brown (5YR4/4, wet), loam, woderate
angalar blocky structure, slizhtly nard,
firm, sticky, and slightly plastlc when
moist, effervesces strongly, diffuse bound-

BYYe
s 5732 Light yellowisa brown (LOYRS/4, dry; and
) aediam brown {5YR5/%, molst), sandy loawm,
weak blocky structuare, soft, friasble,
slightly sticky, non-plastic when wolst,
effarvesces stronply, clear boundary.
O, GRwl Light brosan (7an705/ %, dry} and broun
b , . .
7pafi, wmotst), loaa, weak blocky struc-
s0Ft, friable, sligntly sticky,
olastic when =oist, silervesces
, iiEfuse voundary.
& 200w B BroT i: u'!‘_],;' 20
YR fo, wdist vravelly sand
areless, loose, very sticky
arvesces vWealtlys
o1l 35/14-298 {2}

so:l type: 51d alluvial soil.

“arent aateriszl: Alluvial, contalos volceanic rock frasudnts.

-

Physiography: Interaediate terrace.

03

Raliefs Rolling and sloping.
Altitude: 4762 feet.
dratnaye: Jell drained.
Slopes 13% pradient.

Gropnd water: Deep.

or uore on the surface,

o
o
o
3
o
o
D
0]
5
A
-’
e

Brosion: #oderate wind erosion and accumulation.
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Root distribution: Very few roots in the A horizon.
S0il morphology:
Zone Depth (In.)

Ay 0-17 fala brown (HfRJ/?, dry) and ligat uro
- ””L/ awoist), very stony up to 5%
cgbqleu and pravels, stouy sanudy hrxture.
structuraless, loose, non-sticky when vet,
clear boundary, eifervesces strongly.

Lot orown (5YE6/4, dry) and brown :
f N mOl;L}._bandy vona, weak Dlocky struC-
tu = iy hard dry, friable wolst,
13
1i

by PR
3 1727 L

ris
ﬁﬂuLf stieky when web, clear bounaary,
FTervescenca.

L

w
«w
o

. 27-39 Light promm ory) and wedlwe yell
isi broun &L),‘{,‘j/-‘{w. woist, Loan, .
angular blocky structure, hard, ITiso
“lL’JBlf sticky when wet, clear pouna ?v.

slignt effervescance.

i T M Light brown (LJY1573. drv} and yellowlsr
browm (LOYR5. S/ 4, wmolst), silty loau,
soderate prismatic struciure, very hard,
fips w0ish, sticky hen wet, clear to
abrupt ooundary, strong elfervescence.

o
13

C B311a93 Lirht brown (57a5/4, dry) and mediun brown
- (5Y{R5/4, moist), sandy losa, weak blocky
st ucture, silghtly nard, friable moist,
slightly SthkJ sen wet, clear boundary
weak effervescence.

P 9% + Yery lignt browm (JYHw/b. drv) and light
orowm \)Yﬁ)/o, moist), sand, structure-
less, loose, non-sticky uhen wat, weak
el fervescantea.

01l 13/1.4-38 (D)

PRy

Soil type: 0ld alluvial soil.



i
%
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Pavent material: Alluvial, contains izneous rock fragunents.

Physiogr

feliefl:

sltitude: 4708

Grainayg

raphy: Tuterdediate tarrace.

Counplaex

Hell drain

Siopes coaplex.

Groarnd

Stoniness

oy PR
HETDSBLIONT

k]

water: Ue

Hone.

yanerats

Fgot distritatio

S0il norotology:
Zone Jepth
Ay Ow Ll
As 15214

F e
2. DL 5
o 2 57
2 oa 5797

dessicated.

Teet.

e(]'

e wind srosion and secuwmilation.

a: Somrse in the surface A layer.

(In.)

Yellouish hrown (L8YR5/2, dry) and dark
vellowish brown (l?«LE/Z, moist), sandy
loan, sranular weak structure, 10036,
very friable moist, non-sticky when uet,
clear bourndary, effervesces stronzly.

it browm (5YRS , iry) and brown {(5(R
’ , woist), silvy loam, weak blocky
acture, slightly hard, friable moist,
cky ﬂhen wot glear boundary, effer-

/iy
+

iight browmn (;Yl;/“ dry) and broun (5YR
?.)jw. wpist), silty lomu, strong blocky
structura, hard, friable molst, sticiy
an ueb, clear boundary, eflervesces
strongly.

Light browa (S5TR5/&, dry) and dark yellow=
ish browm (107R4/2, wmoist), sandy loau,
stronz blocky ¢ structure, nard, fira wolst,
very sticky when wet, clear boundary.
affervesces strongly.

89
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Flate X

Photogravh of wodel soil 13/
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e

Very lizat brown (5YR4/6, dry) and light
brown (5Yis/%, woist), sandy, structure.
Lesb, loose, non-sticity when vet, afferw
vesces weakly.

s
[y
-~}
+

501l 25/ Li=258 (B)

30tl tynet & relatively recent 21luvial soil.
Parent waterial: Alluvial, contalns volesale znd L~neoua rock

I . L
Lraamentb.

P L3 oA, . S TRV r &
Altitudes 4730 fest,

Srafnage: Jell drained,

Stoniness: Up to 50% in the surface & horizon amd alss betueen
other genetic horizons.

Urosion: “oderate wind erosion and accusulations

oot distribution: Very few roots in the A horizen.

S01l morphology:

Zone Depth (In.)

A, 0-7 Light orown (5YR7/4, dry) amd light brown
(5Y85/5, moist), gravelly sand, structure-
less, soft, very 1"rial)lcs 2015t, nonesticky
waen wet, 20 to 50} stoniness, clear sound-
ary, efflervesces weakly.

Ay 7-16 Lignht brown (5(&;/;, er)ana dark yellow-

ish brown (l3¥i4/2, moist), gravelly sand,

51
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Plate {1

Photozrach of model soil 25/14-25% (7).
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zhrustareless, sofh, vary
nom-sticley when wst, clear
resess ybhrongly.

aediwa blncky structure,
ble aoist, slightly st
gifPuse boundary,

ke 3 "yl ToroLy ey -
EPS .23‘-»}) .’JLi{.'“AI,:r ,-f'_']_},‘\)'.

i
verdius blocky stracture, s
friable solagt, L
Jifiuse boandary,

oy s e k] IR
S Jme Fale valiswish
9253 :

jark yellowish

3.

3 16-29 Tight brown (5YE4/3, dry) and modevate
hrown (S5YR3/#, wmoist), coarse sandy loam,
slightly hard,

cxr when wet,

tah E;JWﬂ (1aYR5/i, &
1iwhy hroun (5725 /45, moist), samdy loas
7

2 Papryesess stromngly.

Ligntly hard
ieky then ve
cas strongly.

o (LOTRS2, der) and
Growmn (Y‘Vuffb. wOLgt;,

me wandy Loz, wesk blocky structare,

clear bpoandary, effervesce

5

2 oo fale yellowlsh

g

sott, frisole molst, non-sticky when
aff

weakly.

rown (L9Y85/2, dry) and

wet,

quﬁrgte yaellowlsn oroun (L)Yh)/J, moist),

atractureless, looss, nonesiloiy

net, effervesces very yeally.
Soil Developnent
A generally accepted concept iz that the developaent of soi

r

. a . ~ s P /
ig a function of Tive inlepeniant vaoriables, (Jenny,

sotivity, and tine.

P

Parent H¥Material

Parat vock weathers to pive parent materizl.

T

&

4

1501, p.l2-

1e folleowing

aquation illustrates the difference betuaen the s wrent rock and

in
|\

ls

135,

These variables are narent mabterial, climate, topography, oryanic



narent material, (Wikiforoff, 1949, p.219).

disintezration
parent rock —7 ﬂeuonoa- tion then-—» parent material —- solls
transportation

Jnonrrn area asi;

strong rind

s
% novament, and 2 high rats of svaporation. In the ares, mosy o1 tae
i

rain enmes during the summer and is lost by runoff and evaporation

s0 soil forming processes are probably slow. Salis

[

'yl Taw T S (b2 7 A, LS.
nlly lsachad as infiliration

weathering of soil ninerals are NoU

Fram raintsll has been insufficlant to remove these

4.7,

ing oroducts. Among these mineral salis present in the Jocorro

5t
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give off carbon dioxide and téke up calclum, magnesium,potassium,
and sodium ilons as weil as other nutrient elements from the soil
exchange complex. The natural vegetation‘cover in the'Saccrro areé.
except that on the wet bottom lands near the Rio Grande River, is
sparse and consists chiefly ofrscrubby nesquite (Prosppis fuliflora),
rabbit-bruash, *chamisa,? (Chrysothamnus narseosus), greasswood
(5arcobatu vermiculatus); rattlesnake weed (Gutierrezia sarothrae),
Wew Mexico thistle (Jirsium neomexicanum), Hexican-tea (Caenopodium
ambrosioides), doron-tea (¥pnedra), yellow daisy (Aploppus gracilis),
salt cedar (Tanarin pentandra), locoweed (Astragalus artipes),

serew bean (Prosopis pubescens), desert nolly (Aﬁriplex hynenely=
tra), desert willow (Chilopsis linearis), shadscale (Atriplex cane-
scens), sageprush (Artemisia tridentata), biazing-étar {vientzelia
suzila), wild gourd (Marah gilensis), sedge (Cyperus difformis),
challa (JOpuntia acantho carpa), prickly oear (Jpuntia compressa),

and some species of wild grass and wild sunflowers.

S01ls. change from young to mature with time. The relative
azes of soils can be known from their degree cf maturity, or horizon
differentiation. In the Socorro area, soils developed on the higher

terraces are more differentiasted than those on the lower terraces.,

LS
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in this study to describe soil reactions are those set forth in
the Proceedings of the Soil 3cience Soclety of America, (1956,
p.1436). Many different soll:water ratios are used by soil scien-
tists. Those most used are 1:1, 1:2.5, 1:5, or l:19, { Jackson,
1960, p.b7). A 1310 3u spension of soil in water was used for pH
seasurements on all soils. The Hd of the nodal soils was also

aeasured on soil pastes.
aamiesl Analyeis

Tne sxchangeable Q on analyslis n{ oSocorro soils, which coh=
tain slightly solu ble carbanates and soluble salts, is subjech
o difficuliles vhich are not encountereﬁ with 1on-calcarrous soils.
e leachate of the replacing salt solution contains an aporeciable
saount of soluble salts and carbonates of calcium and m;gnesium.
The cations brought in solution by the réplacing 5alt solutlon are
termed exbractable cations in this researche TO zalculate the eX-
changeable catioﬁs. soluble cation content should pe found inde-
nendently and then subtracted frown the extraptaole catlons,

3oils east of the ai0 Grande contain a high percentage of
caleiun and magnesium carbonates.as well as gypsum. In such cire
cumstances it is very difficalt to differentiate the exchangeable
from the soluble cations. Tus, onhly the extractable cations, which

include both the exchangeable and the soluble cations, were deter-

53
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mined on the majority of these soile. Howaver, thas auounts of ex-
changeable and soluble cations were weasured [or sleven represenba-

tive soils for which the data may be Ccons ered approxinaties

Tytractabhle Catlon Derermination

wornal ammoniua acetate solntlon of ol 7 ts widely aunloyad
as the replacing agent for exchangeasle catlond. The amaonlun sce-
taten ileagnate contains the catlons exchanged froam the soll olus a
gertain amount e“uurknb by slaple solutlon. Tre experiument descrived
in appendix IX shows that a 1 1 solubion of amoulwn zceiate ig
capable nf sxiracting 411 Ghe svailable extrectable cations {ron
tae gail. the asbthod of callon sxtreaction used was that suggested
»
oy the U.3. Salinity Labopatory Staff, Handbook Ho. 0U. (19sh,
0.20), wWith 5018 Joi‘izca LLONG .
: 1. elun 25.9 grams of ground, sieved, ary, soii of sizes less
] than 5.074% um.
5. Transfer the sample to a 250 ml. flask.
: 3. Add 200.0 mlof TN angonium acetate solution, shake and
:
E stir for one hour and let stand for twenty-four hours.
3
1 by

;. Tilter “he solution tarough a Buccaner filter, applying
moderate suction.
5. Cations in the extract solution were then detected by di=-

rect aspiration, using the flame spectrophotometer.
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seventy-nine soils. The flame photometry method, which is easier
and much'faster. was preferred over all the other technigues.

Tt was found sétisfactory to determine ?otassium with the
7655 A lines and a rad‘sensitive phototube;.sodium, with the 35392
A lines and a blue sensitive phototube. It is best to measure cal-
ciua at 5544 A with the 5lue sensitive phototube, and maygnesiun at

o

~ e a PR 1 : : %, . k1
3735 A°alse with the blue sensitive phototube. Accordiny to fislds

b

and others, (1551, p.219=22), the flame results they abtained for
sodina and sotassiam vere raproducible and agreed with the results
twﬂ‘r chemical analyses. [n the case of calclum, only the phose-

4

paate ion interfered with calcium transaittance. In soils of the
Ssgorro area, the phosphate ion was not detected by tne ammoniag
molybdate ﬁest; thus, it is not present, ox is present in an amount
too minor to cause‘any trouble. Calcium results were found to be
rzproducible. (lagnesiun proved more troublesome and less accurate.
Tests For interference by Flelds and others, {1551), showed that
sodiun ions if hizh, caused lnterference with the magnesium irans-
nittance. For this analysis, interfering effects of calcium, sodiuam,
potassium, and uagnesiun have been obviated by the addition of

PR
H

radiation buffers as suggested by West and others, (1950, 0. 5587

Conditions used for flame photometric analyses.

aatt g™ ¢ Na©
Concentration of standard solution 1000.0 1000.0 1000,0 1090.9
for luminosity setting 100.0 DPpile PP ppite jojeri 8
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Summary of Analytical Data

Model Soills Soils wWest of Solls East of
_ ‘ the Rio Grande the Rio Grande

pl 7.20 to 8.00 7.10 to 7.70 7.00 to 7.70
Silt plus
Clay % 3.49 to 33.60 1.50 to L0.60 1.10 to 35.10

cat 10.00 to 26.00 7.60 to 50.00  5.00 to 50.00
mxbractable " | : )
Cations Mg 7.50 to 15.00 0,80 to 23.00 1.50 to 25,00
(m.e./100 gms. ) .

Na 0.17 to 16.10 0.13 to 33.50 0.15 to 35.00

+

X 0.26 to 1.90 0.17 %o 7.70 0.18 to 13.50

4

Ca'™* 0.00 to 10.00 0.00 to 20.00 1.80 to 13.50
Soluble -+
Cations Mg 0.00 to 8.8 . 0.00:tc 9.00 0.00 to 5.L8
(m.e./100 gms. )

+

Na 0.00 to 6,50 0.00 to 15.80 0.00 to ll;QO

4+

" Ca" 7.50 to 17.00 2.30 to 39.20  7.80 to 34.00
-xchangeable Mg & 3.33 to 13.04 0.00 to 19,60  3.85 to 17.43
Catlons "

(n.e./100 gus. )Na 0.17 to 9.60 0.00 %o 25,40 0.0C to 17.20

K' 0.26 to 1.90 0.17 to 7.70  0.18 to 1.72

lotal ixchangeable '
Caticns 17.85 to 35.27 6.29 te 62.30 11.1L to 50.63
(n.e./100 gns. )

sation Fxchange

Cazacity of 3iit

?lus clay 16.00 to 29.50
\Wlee, /100 gnms. )




Swwiary of Analytical wmtz (continued)

'* , L T ey dn 1 S N i .
Model Solls Soils dest of S.ils bast of
the alo Grande the alo Grande
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at 40 kilovolts, 17 milliaamperes, 2 scanning speed of 1 (26) per .
sinute, 1 divergent and scatter slits, and .993 inch receiving

slit. Instrumenﬁ settings were 160 counts per second, full scale

and time constant, 3 seconds. Scanning of the goniometer was limif-
ed to the range 560 (20) which was sufficient for the analysis

of the minerals present. The instrunent seltlings were maintained
constant taroughout the analyses of all samplies so thal nbensity
seasurements aipht De compared for seai-quantitative analyses. |
Tniensity neasurements of the montmorillonite mineral in soil samples
were compared with standard pure montiworillonite to geteraine iis

semi-quantitative concentration.

preparation of the Bample

Clay particles uere separated by aeans of sedimentation of
the coarser materials, following stokes theorem of sebtling rates,
(Twenhofel,ILQBQ, p.196-97)- Clay samples were dried on low heat
and then ground lightly in an agate mortar. vrom each clay sample
two slides were prepared, one air dry and the other saturated with
ethylene glycol, (W/arshaw and Roy, 1951, p-1467). Rthylens glycol
eauses an expansion of the montmorillonite lattice which is nec-
essary to distinguiéh 1t from illite.

Minerals detected in the clay fractlons of Socorro soils can

we divided into major and minor constituents (Table {II).
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Ha jor Constituents

Minerals present in this group showed high, easily recog-

nized intense reflections. They wers datected in all the samples.

Qartz: Quartz is present in high amounts. It cives a stronyg, sharp
pattern, The strongest refleciion iz Jron a latiice 5580

. o e W@ b . ‘-.'s o “ 3 - N . - .

ing of 3.35 & and can be delzeted aven whan qusrin is
orasent in less thap one ner sent, {(fasiyan, 1951, p.3a7 ).
a7 Potasn-feldspars pave wwo proainsnt oesks, ona
less stromy: than the ather in the rogion rorresponiia.

.

3
e

i

ng slrongest peaks of santasrillonite reflac-

zaused an Laorszse of

2. 132) . Htaylens zly
L) - - -~ 0 .y L)
the spacing values o 15217 A. Thore ars other rec npnizad
neaks which occur at thaa zgqulvalent of ~.5 A and 2.5 4,
{Brindlay and MacTwan, 1951, Table AIV,Y, p.325;. 3y com-
paring intensitiszs of montmorillonite reflections of the
unknowa sanples with intensities of a standerd rontiorille
oniie sasple, approxisate quantitative values were esti-

mated. Results showed that aontmorillonite values were

between 7 and 434.



ilinerals present in this group had less intense reflec-

PR

1

-
)

{

L

[
43
1
Q
=3
O
ord
4
[}
-
fu
O
|
ord
o

1

et

of
k3
d

]

b

o]




ble IIL

.}".

s

63




¥ i P e R : Ty
X-rsy anzlytical dats

sreviations:

ESoN G o
EESERVIESNF: 54
= Blytite
IR — Y. N
wZ. T Guartz

Teo., = Iron oxlides

. = Kaolinit



e e e

S0il No.

62

15

21

33

52

56

67

7

Location No.

1S/1E-23P

2S/18-25M

28 /1W-36N

35/1W-12N

35/1K-274

1S/1¥~15E

25/1%-11P

15/1%-28D

28 /1E-28C

2S/1E-33P

35,/1E~28P

Depth
In.

Date of

Analysis

1/6/62

1/7/62

1/8/62 .

1/9/62

1/10/62

1/12/62

1/13/62

1/15/62

1/17/62

1/18/62

1/18/62

I-ray Analysis

Major Constituents

K-feld.,Qz.,Mont.(8.2%)
Rz.,K-feld.,Mont.(7.2%)
Qz.,K-feld.,Mont.{7.2%)
Qz.,K-reld.,Mont.(10.0%)
Qz.,K~feld,,Mont.(9.1%)
Qz.,K-feld.,Mont. (8.5%)

K~-feld.,Qz.,Mont.(15.3%)
K«feld.,Qz.,Mont.(11.8%)
Qz.,K-feld.,Mont.(10.2%)
Qz.,K~feld.,Mont.(11.8%)
Qz.,K-feld.,Mont.{11.8%)
Qz.,K-feld.,Mont.(15.0%)

K-feld.,Qz.,Mont. (11.6%)
Wz.,K~feld.,Mont.(11.6%)
Qz.,K-feld.,Mont.(9.4%)

Qz.,K~-feld.,Mont.{17.6%)
K-feld.,Qz.,Mont.(21.2%)
Qz.,Mont.(27.0%) ,K-feld,

Qz.,K~feld.,Mont.(11.8%)
Qz.,K-feld.,Mont.(22.3%)
Qz.,K«feld.,Mont, (21.0%)
Qz.,K-feld.,Mont.(15.2%)
Gz.,K~feld.,Mont.(23.5%)
Qz.,K-feld.,Mont.(19.4%)

Qz. ,Mont.(13.0%),K~feld.
Qz.,Mont.(2L.1%) ,K-Feld.
Qz.,Mont.(22,3%),K-feld.
Mont.(33.0%),9z.,Kk-feld.
Mont.(37.5%),%.,K-feld.
Mont.(38.7%),Qz.,K-feld.

K-feld.,Qz.,Mont.{(17.0%)
K-feld.,Qz.,Mont.(21.6%)
K-feld.,Qz.,Mon%.(20,5%)
K-feld.,Mont.(37.5%),0z.
Qz.,K-feld.,Mont.(32.9%)
Qz.,K-feld.,Mont.{16.5%)

K-feld.,%z.,Mont.(29.5%)
K-feld.,Wz.,Mont.(16.5%)
K-feld.,Qz.,Mont.(15.1%)
Wz.,K-feld.,Mont.(37.0%)
Qz.,Mont. (L1.0%),K-feld.
Qz.,Mont. (25.1%),K-feld.

Qz.,K=feld., Mont. (19.5%)
Qz.,K-feld. ,Mont.(17.6%)
Qz.,K-feld.,Mont. (14.8%)
Qz.,K~feld.,Mont. (19.5%)
Qz.,Mont.{25.2%),K-feld,
Qz.,Mont.{21.0%),K-feld.

Qz.,K-feld.,Mont.(19.4%)
Qz.,Mont. (27.0%),K-feld.
Qz.,K-feld.,Mont. (20.0%)
Qz.,Mont.(Lh3.5%),K-reld.
Qz. ,Mont.(36.0%),Kk-feld.

‘Qz.,K-feld.,Mont. (21.0%)

Qz.,K-feld.,Mont.(2L.3%)
Qz.,K=feld.,Mont.(27.0%)
Qz.,Mont.(31.5%),K-feld.
Qz.,K-feld.,Mont.(20.0%)
Qz.,Mont. (33.0%),K-feld.
Qz.,Mont.(23.0%),K-feld.

Qz.,K-feld.,Mont. (16.0%)
Qz.,K-feld.,Mont. (17.6%)
Qz.,K~feld.,Mont.(16.5%)
Qz.,K-feld.,Mont.(22.5%)
Qz.,K-feld.,Mont. (16.5%)
Qz.,K-reld.,Mont,(13.0%)

Minor Constituents

Cal.,Kaol.,Bi.,Feo.
Cal.,Kaol.
Cal.,Kaol.,Bi.,Feo.
Cal.,Kaol,,Bi.,Feo.
Cal.,Kaol.,Bi.
Cal.,Kaol.,Bi.

Kaol.,Cal.,Bi.,Feo.
Cal.,Bi.,Kaol.
Cal.,Bi.,Feo.

Cal.

Cal.

Cal.,Kaol.

Cal.,Kaol.

Cal.

Cal.
Kaol.,Cal.,Feo.
Cal.,Feo.
Cal.,Kael,

Cals,Bi.,Kaol,
Cal.,Bi.,Kaol.,Feo.
Cal.,Kaol.,Bi.
Cal.,Kaol.,Bi.
Cal.,Bi.,Kaol.(%)
Bi.,Cal.,Kaol.(?)

Cal.,Bi.,Feo.
Bi.

Bi.,Cal.
Cal.,Kaol.
Bi.,Cal.
Bi.,Cal.,Feo.

Cal.,Bi.
Cal.,Fec.,Kaol.
Cal.

Cal.
Cal.;Kaol,
Cal.,%aol.

Cal.

Cal .,Kao0l.

Cal.
Cal.,Kaol.,Feo.
Cal.

Cal.,Feo.

Kaol.,Cal.,Feo.
Cal.,Kaol,

Cal.
Cal.,Bi.,Ka0l,
Cal.,Feo,
Cal.,Kaol.

Cal.,Feo.,Kaol,
Feo.,Cal.,Kaol.
Feo.,Cal,
Feo.,Cal.,Kaol.
Cal.,Feo.
Cal.,Feo.,Kaol,

Feo.,Cal.,Bi.
Feo.,Cal.
Feo.,Cal.
Feo.,Cal.,B1.
Cal.,Kacl.,Fea.
Cal,,Kaol.,Feo.

Feo.,Cal.,Kaol.
Feo.,Cal.,Kaol.
Feo.,Cals,Kaol.
Feo.,Cal.,Kaol.
Feo.,Cal.,Kaol.
Feo.,Cal.,Xaol.
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untll the lower B or C horigzons are reached; then there is usually
an increase ia the amount of these lons. Exchangeable‘calcium pré=
dominates over the other catlons in more than 70% of the soil hori-
zons. However, it should be noted that the concentrﬁtioniof nag-
nesiua in the sane horizons is.also highe
Tn model soils A and B, solable calclum is highest at the

surface., On the other hand, solubls magnesium and sodiua increase
with depth to certaln laﬁels and then decreass. Gxchangeable cal-
stussmagnesiun ratios in the sodel soils A, B, and D, increase down

to a certain denth, then decrease. Tn soils U and E there i3 2

decrease angd then an increase, (lfable V)

1

2 ma chealcal data show the distribution of the exchangeable

.

catlons and the relation balwean thsu. In zeneral, axchangeadle
calcium decreases with depth, then increases in the lime accumula-
tion zone. aagnesiun has the samne distribution pattern in most
of the soils..Sodium usually increases with depth, then decreases
in the lime accumulation zone. The increase in exchangeable calcium
and wagnesium at some depta within tne soil profile and the de=
crease in sadium mark the top of tne lime accumulation zone.

e All the surfaces ol tne modél soils contain carbonates;
strong effervescence 1s usually encountered upon application of

dilute nydrochloric acid. In each of the solls analyzed there-has

been a significant concentration of calcium carbonate at the lower




B or C horizons in contrast.to the surface sbil.

4. The distribution of sodium ions in the water extracts of
all soils shows a direct relationship to the distribution of exe
changeable sodium. However, in the case of magnesium._there is an
inverse relationship. |

5, Generally the pd values incrsase with depth. This increase
may oe as&ﬁciated with the accwaulation of calclum carbonate. ~eas-
arerents of the 1:10 soil-water pt are usually bigher than those
drterained for soll pastes.

B the distribution of exchangeabls sotassiwa ln tas soil
profiles and 1ts relation to tas other cation distributions showed

no consistent relationship. Fotassiua has a randou distribution

in wost of the profiles invesiijated. ;
7 The cation exchange capacity determined for model pro-

files show that the solls' exchange complexes are saturated. g
tion exchange capacity increases with the increase of the clay

plus silt content of the soil.

=

D The model profiles show no regular pattern as to clay plus
silt distribution with depth. However, the following distribational
trends may be recognized in all the remainder of the soils: (a)

the percentage of clay plus sil£ decreases with depth in 275 of

the soils; (b) tae percentage of clay plus silt shows no maxina

or minima in %% of the soils; and (c) the percentage of clay plus

70
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silt shows a maximum value at some depth in 37% of the soils.
These resulis all indicate rahdcm distribations.

9.  Xerazy analyses of some profiles both east and west of
the river show that the clay minerals aré vredoninantly montme-

ite. Quariz and poiash-faldspar are among the nain consile

B - 4 A5 byt
MANDY CONSLLLUIRLE

N n | S| 3 1 B Lo LG B - ~"1 °
KR legtrical eonduciivilty valosas Tor the nodel R
,
—ah - kN oy A LAy P X 1 CA 3 ]
craase with denta until tha nayent matarlal iz veachsd oo

Fal

I s oo - S
11. Ixenanze distribution indices for the model prof

that much of the calciwa, sodium, and uagnesium, moving dowaward

3

v . » . b1 . o~ wd o . P
through the soil, was retained by the £ and/or the £ horizon {Table

>3 3 ; ERs 2 dery w i ~ EY
a rslatively uniform material. Coumplete uniformity of the parent

material would be an ideal conditlon which probably does not exist.

7L



which a comparison of the modified and unmodified materials is
¢ nossible.

B " #

12. e data of the burled soil B, a model profile, ghowed

eonstant with deoin, SCiudLE g

tion pabtern, bub solunle sodium ingreasas with depth., The total

exchangeabla cations of soils west and sast of the river show that

tmg solls! exchange complexes are saturated.

o~
h

3ails west of the river near the town of Socorrs are afTacgted

by sodiun bicard anate sorings and thus are n

the other soils are low in e xchangeable sodiuw.
Soils east of the river are problanatic since e they contain

soluble cations, carbonates of caleiwn and magnesium, 2nd gypsus

72
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in higher amounts than in those west of the river (Table VI). There=-
fore, oxchangeable cations determined by deducting soluble cations

fpom extractable cations are probably higher than the actual value.

Tnterpretations of Analytical Results

«

1

1. A study of the exchange 4istribation index given in Table
Por the model soils shows thatl the various profiles ususlly contaln
aore sxchaageable calciun, sodium, anl 28gnesius than the parent
watarial. The largest gains in exchangeabla sations oeour i tae

3 andfor C norizons. The amounts of sxchangeable caloelum and aag-
azsian are especially nigh in the surfacz soil and in the lime
nocwaulation zone. The exchangeable sodium ig generally low, s¥-
ce?t in areas aiTected oy sodiun bicarbonate springs. The axchange=-
2ble potassium 15 generally low, probably due to its fixation. ine
4istrioution of potassiuc relative to the other cations 1s not.
consistent.

5. :echanical analyses show the soils studied have sandy, sandy

L3 d

lcam, and loamy sand textures.

o)
. &

~ain water runs off quickly and tnese soils do not absorb
auch of ik, thersfore there 1s iittle penetration of water into

the lower layers of the soil. A negligible penstration of water into
the soil, followed by evaporation of the molsture back into the

atmosphere, prevents the possibility of thowough leaching of the

2
N



surface soil.

L. TResults of the chemlcal analyses and study of the orofile
morphologies show there is reason to balieve that any loss of cal-
ciun and magnesium ions through leaching or cation exéhange can
be gradually replenished from the supply of calcium and magnesiwa

carbonates in the soil.

¥

5, It iz safe to conclude that the bas sxchange complex 18

i

[
3

leiuan and A

saturated. "xchangeabls o
i

i

in wost cases, varailel pztbterns in the solls. Thelr

tribution asually decressas to corialn depths then inereasss ageln
at lower levels. ocodius pgenerally lucreaces Gith destn, then dscreas-
es at lower levels of the soil.
The data given in Flate IV shows that in every prolise whera

is a definite zons of carbonate accumulation occ&?rlhg at soue
depth down froa the surlace as well as at the surface. In soaz
of the profiles it is vefy difficult to determine at whal exact depth
the carbonate accuaalation comsences. (nis is particalarly true
of the young brofiles on the lower terraces.

6. The development of a lime accumulation zone may L8 Cofne

sidered one of«the most important pedogenic processes o

P

these

ally in the

o3

soils. These carbonates may have been present origl
parent material of tne soils. Secause of low rainfall, percolatlon

of water through the profile is not sufficient to reuovs the car-

74



ponates that axisted in the parent material or those produced by

reaction of carbon dioxide and water with the mineral material of
) ‘

the soll.

7. S50ils in the Socorro area have developed from calcaresous
slluvial deposits. Soils east ol the Rio Grande contain visible
amounts o7 oypswi. Torisons well below the surface contath gypsum
erystslsg. wypsua orivinates from Tertiary snd Paleozolc sediﬁents
and also frow the dlrmct.evagoratign of solutions carrying calelun

3. [n locorro soils, ruln waber dizsolves carbonates 3n§ sgl
of ealcium and magnesium in the upner lavsrs of the soil. dodius
salts wilen ape easily 1eaghed out frow the unoer soil layers as
solunle salts, accunulate in the lower seil levels. This leads bo
a saturation of the sxchange complex of tne upwer soll norizons by
calcium and m2gnesiwi.. On the other hand, the inereasing quantity
of sodiwam in the solution o7 the lower levels infiuences the en-
richment of the exchange couplex by sodiwa in This area. As most of
the sodium ions gain exchangeable positions, the sodium decreases
relative to calcium and magnesiuda in the soil solutiun..As a result,
the concentration ol caleium and magnesium DECONes higher and thus
these elements saburate Lower soil exchange levels. This zone af
exchangeable calcium and magnesiun enrichzent coincides witn the

sone of lime accumulation.
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Table IV

Exchangeable aslelumsma nesiun ratlo in model soils.



iurm s i i atio
Exchangeable Calcium:iagnesiuil Ra_

| Ratio
Soil Zone |

| A 1.52
: AL 1,75
B 5. 3%

1.21

%bca 1.50

ca s

P 147

W l.?%

° ; 1.8
‘_!b 2.62

E?b 3.60

B 2.00
o %3

P 2'15

0.9%

o ﬁ? 0.96
B 0. 86
B 0.78
cca oL

| P 0.85
1.60
’ 2 1o
Bl 1.562

Cgi 1.21

P 1.11

‘ 1.06

: | i? 0.96
By 0295

g% L 0.57

Cc_’CE-l 1‘17

p°° 1160
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Table V

¥xchange distribution 1ndsz of aocdel soils.



Exchange Distribution Indexe%

The ratio of an exchangeable cation concentration in a
soil horizon to the concentration of that cation in the

parent material (P). E£xchangeable catlon concentrations

: are given in table VII-B.

Soil Zone cat  wa Mg g "
A Ao 1.23 0.30 1.19 1.28
Ay 1.08 0.77 0.90 0.60

B 1.15 1.42 0.72 0.82

Bpoa 0.98 1.65 1.19 0.93

Con 1.31 1.12 1.28 0.60

P 1,00 1.00 1.00 1.00

B Ap 1.02 0.61 1.17 1.11
Bib 1.02 1.63 0.84 1.61

Bop 1.12 1.21 0.67 1.57

L3p 1.09 1.02 C1.17 1.33

ch 1.05 1.31 . 1.17 1.06

P 1.00 1.00 1.00 1,00

c Ao 1,25 0.13 1.08 0.50
AT 1.12  0.72 1.00 0.36

B 1.00 1.6l 1.00 0.5l

Beg 1.07 2.36 1.19 0.66

c 1.03 5.10 0.93 0.75

P 1.00 1.00 1.00 1.00

D Ao 1,60 0.25 1.12 2.71
A1 1.16 0.76 1.00 1.48

Bog | 1.53 2.53 1.06 1.31

Coa 1.26 1.20 1.19 0.79

P 1.00 1.00 1.00 1.00

E Ao 1.12 0.26  1.69 1.85
N 0.95 0.51 1.61 1.16

Bl 0.81 0.59 1.37 0.89

Boca 1.03 1.26  1.B7 0.66

Con 1.20 0.61 1.63 0.53

p 1.00 1.00 1.00 1.00

Y3

Short, 1961, p.550.
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Table Vi

Carbonate and calcium carbonate percentages
t of_ the Rio Grande Hlver.

in iive soils eas



Soil

23

66

62

73

in Five Soils East of the Rio Grande.

Depth (In.)

U=6

6-12
12-18
18-24
2l.-30
30-36

0~7

7-1L
1h-21
21-28
20-35
35-i2

0-6

- 6-12
12-18
18-24
2L-30
30-36

0-9

9-18
18-27
27-36
36-45
45-54

0-6

6-12
12-18
18-24
244-30
30-36

003%

Carbonate and Calcium—Carbonate.Percentage

) CaCOB%

8. 80
8.00
7.28
§.50
$.20
b.55

8.25
7.40
8. 50
9.09
9.55
b‘ 90

6.00
8.08
6.48
8.0l
8.95
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Water Movement

Dovnward water movement is an important process in soil pro-
file differentiation for it carries both the dissolved and the

colloidal material through the soil. In humid areas where the in-

filtration rate is high these substances a3y be moved down to the

e

water table. However, in senizrid regions, water infiltratinn
more limited; thus, these wmaterials aay be carriel only o saalloy
depths in the soil. 4s rain falls on the zucface of fhe grouani, a
portion runs off, 3 nortion avansrates, and a oartion infilirates
the soll. The amount of water that moves down through soll dependis
on stracturs and texbture of the soil and £he amrunt and durstiog
of rainfall. In the model soils studield, ing Piltrating waters carry
carbonates and othar salts dowm %o certain lepths in the 3 or the
£ horizons,

en water enters the soil it tends to migrete'downwarﬁ to g
zone of saturation where the soil pores becoae complets 13 filled
with water, Movement of water through soil pores is braught about
by the action of grévitation forces alone or in combination with
the capillary forces. Soil nores may be divided into two sizes,
large macropares and small capillary %oreu. dater moves in the lar.

ger peres mainly under the influence of gravity and in the Ffinsr

pores under the influence of capillary forces. “ater moves quickly




o IR 2 b 1 v

AL

sr connected pores and slowly between the fine

o
&
g
a
[¢]
K
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o
o
}-J
)
it}
g
Q

Torms of Soil Foisture.

The m2in Taras of sail moisture are :ravitational, capillary,

znd gelliculzr, “ater vapor may be slse pressnat in the soil, {Rucknan

5 L i b oemes Y R
rater that moves freely aader the

5

{2) ecacillary waber: wvater which

1300

LIS ryde B - - Yy ”~ ey Fdyy] - =
tures of interstices in the zone of seration,' (Tolaan, e 5010
Soll o vabter tafiltraticn will occur as long as there are polen-

-, e A i PP e . w . e et
tial 4ilfapences boitueen different areas in the soll. wWater will

Chighzr to = lower potentinal ares, (Gardner, 1960, B45)

Jater Movement Under Gravitational Force

The earth's gravitational force provides the principal poten-

‘nfiltration down through soils.

Canillary Water Movement

In sandy and loamy soils many of the pores are non-capillary

20



or only weakly so. Thus, capillary height cannot be great. Terzagni,
(1942, p.340), reported the following capillary heights in differ-

ent fractions of a sand at a teaperature of 17°¢.

creia siza (am.)  5.0-2.0 2.0-1,0 1.0-0.5 0.5-0.2 ©€.2-0.1 0.1-0.05
“apillary rice 2.5 H.5 13.1 ol 6 42.3 105.5

) (mm . )

Tha norastty of the sands testad panged batusen the narrow linits
At 50,1 aed 310V and sverseed 414,

femillrmr nttrsetion of soil for water ts in 2ll directions.

"

nen rono”® woter spaks into the anil, capillarity #1ill aid gravity

Wpikved

Fad

in oallins anlshure dovm. Tf the surface layer of the soil dries

b AN

a+, crpillariiy might opnose sravity, thus, tending to pull water

AT .

dater Vapor Fovement

L slow aovement of moisture may occur in the vapor phass by

nornal vapar orecsure phenomena. Vapor will tend to wove from re-

YL

1

“h vaper nressurs b those nf lower vapor pressure,

. o
giong of Ri;

{Tickaas and 3rady, 1660, ﬁ.l?ﬂ).rﬁater vapor mavenent tends to

zqazlize aoistare content throughout the soll coluan.

Rate of Watar Movement Through Soils

Tn discussing infiltration of water through soil, reference

31



hould be made to Darcy's law which describes saturated water f£low.

(1’3

Darcy's eguation: V= =PI

= yater velocibty
hwdwauliﬂ con du“t*VLtj
- f’wau ia £re dient

U
it

ﬁhu:::?"iﬁ desends

Toemorer tn » i~
y CLZTE nave iover

' ", N B . N
first through the larger pores ther througn the {iner ones, doun
taronsh the soil under the influence of gravity and eapill ary forces.
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adsorbed to soil marticlas. This pell
in »lace or move very slowly.

Due to high teaperatures, 0% humidity, and wind wovement,
eva o*atbo“ 111 dry out the upper few inchaes of the goll near e
ace soil and a webt sube

surface, Under such conditions of a dry suri

soil, capillarity will tend %o pull water upward. However, Boward

oo
favs




e e e

watsr movement to replace the moisture lost by surface evaporation,
opposing the gravitational pull downward, is probably saall and the

zone affected by such moveanent is probably limited. Finally, some

water loss from soil depths may take nlace by unward movement of
vapor from the higher vapor pressure areac to lower vapor pressure
arens near the surfacs,

In the docorro w

PN R JF AT
2 LnSuLILoLer

through the norsal chenleal processes of weathering. 4 well-to-

From 13 to 72 inches from the surface. This lime zone is charace-
terived by a aigh percentage of carbonate wialech occurs as alnute

&
(4
| 5]
Q
o
D
.

specks or 25 a fine precipitate throughout tha

i o~ ™ T Y
zaroonabs waieh

A
o
o
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&
=
e
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The most abundant carbonate of soils iz

. -
i}

ly inseluble. Sodium carbonate is the most common soluble

e
3
2
¢
P
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carvonate found in these calearsous soils. Jualitative analysss of

.

song showed the swistence o

e b A - 3y, e s ;
Gas” wv?* Haj COB. and X577 lons in considerable aznounts and

Cl 1ons in minor amountis. From the cheaical analyses it is logical
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to assume the presence of these salts: calcium carbonate, calcium
sulfate, magnesium carbonate, magnesiun sulfate, sodium carbonate
and sodium chloride. Removal of lime from the surface soil and its
accunulation at lower depths plays a very lmportant role in the pro-

file formation of caleisols. The process is calleg calcification,

(Beiche, 1950, v.32).

"~

Phand P oY eadne el i
Origin of Caleius ol

Caleiua and aagnesiss carbonates are Drodudsd Irom the f0Le
lowing sourses:

Lo szxleium and magnesium blcarbonstes are rormed Lo tne wesbnop.

2. Ulmestons end gypsum sre present in the acea.

3. Sodlum carbonate acts as a precipitant for calciom and
magnesium carbonates. when solutions of $asdy, and RazﬁJBare
mingled, GaCOB will precipltate accordiing to the following:
Casly + J‘)?'%)JZ;’ + Uallaqe

Thexfnrmation of lime accumulation zones involves solution,

transportation, and precipitation.

solution snd Precisitation Vrocesses

The relatively insoluble carbonates of calcium and magnesiwa

are dissalvad by carbon dioxide which is present in water. Therefors,




they are regarded as present in the bicarbonate form, as shown by

the reverse of the follovwing equation:

falcium bicarborate, however, is somewhat unsiable in solution and
can be broken down to normal calcium carbonate rather zasily.

N

From the chemical equation given above, one can predict the

folloving factors will affect the solubllily and precipiiation
of cvalciun carbonate:

le sater: An increased infiltration of rain waler conltaining
u,jﬂlll directly increass the solution of carbonates. Zvagoration,
controlled by the humidiiy ol the air, tne tauperaturs, zad the
amount of reinfall peneirating the soil, is an important lactor
wnich will cause nrasziplitation of calelum and mapgnesiaa carbonsias,
Hzin water dissolves carbonates znd the resulting solution moves
downward through the dry soll. ‘lydration of the soll particles re-
moves water Trom the solution; thus, calcium and magnesiuam carvo-
nates precipltate.

2, Carbon dioxide vressure: The atmosphere contains about

-

0.03%-0,04% 05, Carbon dioxide pressure increases in the soil due
to organic activity. Seil air may contain up to 9.3% C0p. As the
@, pressure increases, gsore calcium lons will e in solution.

Bvaporation, rise in temperature, and mechanical agitation of the

bicarbonate solution will release soue COZ. A decrease in 002

QL
W



wressure will cause precipitation of calcium and magnesium carbo-
nates.

3. Caleciunm carbonate aidition: As the soil solution moves
dowmn through the soil, it gains more carbonates from the soil pro-
#ile. This addition of carbonates will bring about precipiltation

1f the zaturation lialt is axces dad.

1 Fe i - - - . . -
3 ¥ . i s e Ry 4 om e e ey gt T § e mee? 4
e o 0:de Mines caloiun carbonato s wuore ohlubie Lo oacLuio
o 1Y . vy am oy [ ENp A7 eyas 0T e oy oo
metLs, s0ue nay oral .Jl THOR L OLNE O LNUlrLaLes.
134 P o FL N N - N re 1 PR B
Yo Zounan ion of R DIREANIE B GALIL AL SLLIDLL s,
Tr A M E -3 . E R
S W1 Yot LS Il TallLAll JArIALLle wAaLioer Dlnl 4
Lty Ty T 4 P G | L T T - A T L N R TR IRV I I T R
ayssn, Cadloe21)r, 4 solanle Lo the anbent 52 U.225 gvoaas 1o LU0
4 e & .
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wraad of ool vater. A solutisa of this sslt will 4if
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Theories of Lime Accumulatioﬁ in Soils

Saﬁe of the theories explaining the formation of caliche
(lime accumulation) assume an upward capillary movement of ground
water followed by evaporation. or sucn a précess to oeccur, a shal~
low water table is essential. Barshad, (1955, p.33), =ays, "Little

Jatar aoves uowvard unless the water table is present within about

1‘ s
w
(\
o]
-
pe
1)
52
)
i

five Teel o¥ tne surfacse and at the samo tilme the suri

fected to desicon ,10“. Sueh movenent may bring about accumualntion

Pl

ot malts in thes surface norizon z2nd on tae suriace and resallt iv
the formation of alkall and allkaline gsolls.®

e of evaporation in csusing

[

Qther hypotheses emphasize the ro

accunulation. “arout, {1927, 2.17-171), desiznatsd the process by

>

heaone i”WLct:ﬂ of

calciam and the

L]
“
o
fun
I~

wich the upner horizons o

Iower horlzong fovelon f carhonats scousmulatioan a5 Yeagleifi-

W
3
2
i
\‘i“
[

cation.” o asyimsd that the zonez of carvonate accumulation marked
the averagze desth of moisturs ponstration. Hs malntained that the

acemmulation was hrousht about hy the transfarance of carbonates

to biecarbonates. This solution percolated dowmnward to the point

whare water ceased its penetration and tuwre deposited its load,
Sehanta, {1923, pQ&1~3), maintained that carbonates are dls-

soived out of the surface by periodic rains and are precipitated

at lowsr levels only as these levels are desiccated by plant roots.
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He concluded that in eastern Colorado, where the "caliche" zone
has developed at a depth of 14 to 13 inches, no.carbonate accuwn -
lation layer would have developed if short grass vegetatlon had not
adsorbed the soll moisture. He stated that, “Tﬁe depth of soil to
the layer of carbonate accumulation is a measure of the depth of
moilsture under the natural vegstabtion during all but exceptional
vears.™®

Tauker, (1927), has chown tnat progréssive leaching of the
upper soil zone resulis in the concentration of calcium carbo-

n the soil, first invisible,

(ot

nate ab gradually increasing depths
then as grains, then as nodules, then as definite layers of clay
high in caleciuws carbonate, finally as a solid bed of caliche. These
gradations as shown by Hawker may occur in soils whose stage of

development progressively increasss with the stage of develogment

of caliche.

Lime Accunulatign in Socorro Soils

Some of the controlling factors in lime accuwmulation in 3Socorro
501ls include the permeability of the soil, parent amaterial, and
position of the water table.

The.average denths to the lime accumulation zones are 335 inches
in lower terrace soils, 23 inches in intermediate terrace soils,

and 23 inches in higher terrace soils. Above the lime accumulation



é
.

zones, these solls generally are loamy sand, gramular, loose, and
porous. In such solls, solutions will move downward easily. Parent
naterials in the area stadied ére calecareous in nature. Runoff
carries down and dissolves calcium and magnesium carbonates from
these calcareous materials and also from the surface soils. Benéath
the area studied the water table lies at depths ranging froa 30 to
200 Taet. Accumulation of caleium and magﬁesium carbonates in thess
soils muast be regarded as due to descending waters since capillarity

cannot be assumed to 1ift ground water up 30 to 200

feat., -
Heeping in mind the conditions controlling the preferred direc-
tion of the reaction reoresented by the zensral equation,

. 2oL + 00+ 40
3 3 2 >

o #s
.

(3 = ca** or g™ ions)
the author suggests the following mechanisu as a possible weans
of lime accumulation in Socorro soils.

Rain water in equilibrium with atmospheric carbon dioxide,
dissolves the carbonates of calcium and magnesium more completely
in the upper surface layers of the soil, As the soil solution moves
downward through the soil, it pzsses into a dry environment. Some
water will be removed by hyjratinn of s2il particles. Due to sur-
face evaporation, water will diffuse upward as vapor through the
soil pores more fapidly than it could by caplllarity from the moist

soil zone. This means the evaporating surface is below the ground
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surface. The presence of calciun sulfate and magnesium sulfates in
the soil may also aid in carbonate precipitation from solution.
Calcium and magnesiwa sulfate solutions, being more soluble than
the respective éarbonates, will leacn downward first. Calcium and
magnesiua then fallow in solution as hydrogen carbonates and finally

nrecipitate as insoluble carbonates at the level where sulfate lon

tne sliznt inerease in soill pd with depth and the decrease of car-
non dloxide pressure due to low biologic activity and evaporation.
ivzsoration will eventually dry the entire soll leaving a zone of

lime accwrulation at the depta of maximunm water penetration.
depth of Chsnlcal weathering

‘The depth of chemical weathering uay be defined as the depnth
in the soil that is reached by the chemical weathering action. As
water is a necessary eleuent for chenical weathering reactlons, then.
the depth of chemical weathering coincides with the dspth of water
penstration.

soil and their accumulation in the subsoil are due to processes of
chemical weathering. In the Socorro area there ls not enough waler

to provide a steady movement of solutions through the soils, which

90



results in accunulation of salts in the soil prolile. These salts

are predominantly calelum and magnesiun carbonates and sulfates.

They are transported downward in periods of heavy rainfall to the
point of maximum water penetration, and there precipitated. Thus,
sroducts of weathering are not removed from the profile and the solls
renalin alkaline.

Juring the procsss of chemlceal weathering thers is a gonstant
hrezking down of silicates of caleilva, azgnesioa, and the alkzlies,
with the resultant formation of alkali and alkaiine earih carbonates
ulfates, Losather with other szalibs. Jhatever ine apents ol

hering are, they vork from the surface of the o1l

thely activiiy and becoie

!"s

ey 3 LY P P " P 3 .
inumward. There dsconporsing a-enis lose

-

quite inert at some depta in the soil, at the deoth of maximus
water panetration.

Ch:ﬁiCil weathering 1s a slow process. [i depends on wany fac-
tors such as compoSition of the soil, its texture, and teaperature.

insoluble carbonates, the influence of wealner-

iy

Iz the presence 0
ing is retarled. The depth to whiech chemical weathering has pencs

trated variss greatly in the soils studied. [n cases where the sure

face soll material is removed by srosion, chemical weathering may
4o on indefinitely.

Factors in determining the depth of the weathering profile

{3
e}
{
.

4



Snmposition

The imorganic portion of the soll consists of uainerals which
coua froa the parent waterial or are weathersd frou the prisary
rals in it. The wide differences in the resistance of alnarals

A~ cheatoal weathering depsnds uvon thelr shenical propsriiss and
ta " ¥

soantlity. Among the least stable ainerals ars nlaglocinse and horn-

a7 tne mosh steble ninecals, wioliien, U238, rneai/-40

rnfound cnenical weathering and dopth of uoter penetratisn 15 prod-

»

anly creab. Jnher percolation is slowed up” in loamy solls. Thus,

S o I
SmTer fnd

iltration

e chief conditions favering chemical yeathering are those
of continual percolation by water carrylng garbon dioride. Hence,
Jecomposition will keep on st an inereasing rate to a depih corre-

o 3 . — s 3
shonding to the depin of water penetration.

Chesieal weatheringz is more rapid in a warm climate than in

wi



a cold oOns.

Time
Akl

3inne weathering is a slow orocess, time is a very important

o N -
factor., The depth of chealezal weathering increases with time.
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Jymbols and Abbreviations for the Following Tables

1

surface gravelly layer.
Surface soil.

3ubsoil horizon, divids
%31, ‘{—32, ereatta,
Caleareous 3 horizon.
subletvter b indicates a bur

kY

s

Calcareous C horizon.

Parent material.

Calcarsous wasn.

: Lilliequivalents.

Cation exchange capacity.
flectrical conductivity.
fock Lragments.
Agure:ates.

..

s as s
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Tahle VITA

Physical data for modsl soils.
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Soil No. Location No. Date of Alt. Horizon Depth C.Sand M.Sand F.3and V.F.Sand Clay & S5ilt pH.
Collection Ft. . In. & % 4 % % Paste 1:10
A 38 /1W-12N 5/6/62 14630 A, 0-2 35,40 17.50  30.62 2.92 13.00 7.70 7.85
Ay 2-12  18.10 16.78 57.L0 0.15 7.75 8.00 8.30
B 12-58 28.72  29.10  33.L1 0.37 8.20 7.80 7.92
B 08-72 17.L5  25.05 8.00 0.27 9.30 7.85 7.90
Com 1290 20.37 20.2L  L8.8L 0.33 10.02 7.85 7.95
P 90~ 20.2 15.75  52.66 2.73 8.L6 7.70  7.85
B 35/1W-11B 5/13 /62 4700 W 56.23  23.95 16.02 O.uu 3.49 7.70 7.87
_ . A,  0-10 3h.35 36.80 16.78 3.50 8.10 7.65  7.80
By 10-25 33.83 16.05 31.37 3.h6 15.63 7.35 7452
By 25-k7  Ll.60 19.30  26.83 3.10 9.15 7.70  7.83
By, L7-62  L0.05 18.Lh5  28.01 3.37 10.20 7.73 7.90
¢, 62-8b  2uL.98 18.35 Ll.51 2.52 12.L6 7.90  7.95
P 80- 35.95  31.85 18.01 5.23 9.00 7.65 7.15
C 35/1W-25B 5/18/62 1760 A, 0-17 L47.02 11.00 23.82 5.62 12.50 7.70 7.85
, _ Ay 17-27 31.70 10.60 32.32 7.97 17.46 7.65 7.85
B 27-39  16.65 - 14.60  13.36 9.90 15.60 7.80 7.95
B., 39-84 30.10 18.02  33.86 .83 13.03 7.75 7.85
c 8L-98 17.20 32.85 36.7h 1.93 11.23 7.65 7.80
P 98- L7.70  15.45  25.17 3.87 7474 7.60 7.75
D 1S /1W-3R 5/21/62 L4700 Ag 0-1L  2.87 8.30  6L.LO 9.33 14.83 7.20 7.40
, Ay ih-2h  6.20 7.78  Ll.52 11.76 33.60 7.70 7.85
Bop 2L-57 23.72 19.00  33.03 7.45 16.20 7.65 7.85
Ceg 57-97 31.30 16,50  29.57 5.35 16.90 7.h5 7.62
P 97~ 19.6L 28,50  38.62 1.58 11.80 7445 7.50
E 25/1W-25E 5/22/62 L700 . A, 0-7 1.4 17.30 31.02 3.45 6.27 7.l5 760
Ay 7-16  L7.35 12.80 30.60 3.47 5.66 7.55  7.65
By 16-29  39.12 17.22  29.87 5. 00 8.68 7.60 . 7.70
Bre, 29-35 30.30 12.L2  35.L0 6.83 13.80 7.65 7.85
Cea 35-52° 15.00  1L.13 53.565 5.32 C11.40 7.50 7.62

P 52~ 27.15 24,00  hLh.S55 0.52 3.75 7.50 757
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Soil No.

Location No.

38/IW-12N

35/1%-11B

38 /1M-258

15 /1W~3R

28 /1W=25E

Date of
Analysis

5/11/62

5/15/62

5/20/62

5/2u/62

5/25/62

Horizon

Depth
In.

0-2

2-12
12-58
58-72
72-%0
90~

0-10
10-25
25-7
L7-62
62-80
80-

0-17
17-27
27-39
39-8L
8L-98
98~

0-1k
1h-2h
24-57
57-97
77~

0-7
7-16
16-29
29-35
35-52
52-

Extractable Cations
n.e./100 gms.

Soluble Cations
m.e. /100 gms.

Ca"™"  Na* Mg** K%
26.00 2.143 12.50 0.92
20.00 6.50 10.83 0.43
18.00 13,00 9.17 0.59
14L.00 16,10 14,17 0.47
19.50 13.00 15.00 0,43
16.00 6.50 10.83 0,72
17.75 0462 8.30 0.26
16.90 2,50 14.00 0.51
13.00° 5.85 12.50 0.7L
16.00 L4.90 1h.57 0.72
15.50 100 1L.57 0,61
14,50 k.35 12.50 049
12.00 3,30 11.56 0.Lé
12.50 0.17 13.50 0.46
11.25 1.95 12.50 0,33
10.00  3.30 11.66 0.59
12,00 5.85 1L.67 0.51
10.90 10,40 12.50 0.59
10.00  1.26 11.66 Q.92
12.00 "1.26 8.30 1.90
10.96 L4.00 7.50 1.03
15,50 11.55 11.23 0.92
1L.00 8.05 12.07 0.55
11.50 5.85 7.50 0.70
15,00 3.50 12.07 1.90
13.50 6,30 11.55 1.20
12.7¢ 10.20 10.80 G.92
11.50 13.00 15:00 0.70
1L.00  5.85 12.50 ©.55
15.5¢ 8.05 9.17 1.03

Cat Na' Mgt

16.00 0.69 2.00
6.00:2,05 2,83
3.00 5,20 2.83
1.25 6.50 3.66
2.50 6.50 3.66
3.00 0.69 2.00
6.00 0.28 1.67
6.00 1.22 8.27
2,10 2.16 8,33
L.00 2.1610.2)
3.75 1.70 8,81
3.25 1.39 6.567
1.25 1.0} 6.67
0.00 .00 0.83
0,00 1.0L 0.82
0.00 1.26 0.00
1.25 2.87 0.83
6,50 [.00 1.57
0.00 .00 0.00
0.00 0.50 0.83
0.00 1.7h 0.83
L.CO k.00 4.15
L.LO k.35 k.15
L.CO 2.87 0.83
3.00 1.74 0.83
3.00 2.87 0.83
4.0C 1,00 1.67
0,50 14,35 2.50
1.25 1.7k 1.67
.85 1.26 2.50

Exchangeable Cations
mhm.\woo gms.

Ca** Na* Mgt x*t
16.00 1,74 10.50 0.92
14.00 h.L5 8.00 0.43
15.00 8.30 6.3l 0.59
12,75 9.0 10.51 0.67
17.00 6,50 11.34 0.43
13.00 5,81 8.83 0.72
11.75 0.3L 6.63 0.26
10.90 1.38 5.83 0.51
10.90 3.69 L.17 0.7L
12.00 2.7L  3.33 0.72
11.75 2.30 5.83 0.61
11.25 2.96 5.83 0.49
10,75 2.26  L.99 0.46
12.50 0,17 12.67 0.46
11.25 0.91 11,67 0.33
10.00 2.0L 11.46 0.59
10.75 2.98 13.8L 0.61
10,30 6.L0 10.83 0.69
10.00 1.26 11.66 0.92
12.00 0.76 7.h7 1.9C
10.90 2.26 6.67 1.03
11.50 7.55 7.08 0.92

9.50 3.70 7.92 0.55

7.50 2.98 6.67 0,70
12.00 1.76 11.24 1.90
10.50 3.L3 10.72 1.20

8.70 6.00 5.13 0.92
10.90 8.45 12.50 0.70
12.75 L.11 10.83 0.55
10.65 6.79 6,67 1.03

Total Exchange-
able Cations
m.s./100 gms.

29.16
26.88
30.23
33.53
35.27
28.36

18.98
18,62
19.50
18.79
20.49
20.53
18.L6

25.80
2L.16
24.29
28.18
28.22
23.84

22,13
20.86
27.05
21.77
17.85

26.90
25.85
275
32.75
28.24
25.14

C.E.C.

C.E.C,

Silt & CGlay Soil

m.e./100 gms.

25.00 3.70
23.20 2.40
27.20 3.00
28.30 b.00
29.50 3.90
24,40 2.20
17.60 0,80
17.80 1.78
22.10 .00
20.00 2.20
15.10 2.3
22,10 3.10
19.10 2.20
2L4.ho 3.80
22.10 L.50
25,10 430
23,20 3.50
21.70 3.25
20,00 2.3
20.00 .00
2h.li0 10.00
19.10 4.00
20.8¢5 5.00
16.00 2,20
2h. 40 3.25
22.10 2,30
21.70 3.10
27.90 5.00
25.10 4.00
2L.70 2.20

E.Cox20° o3

mohos fem

6.58
3.10
5.00
5.77
8.50
1.76

2.12
7.70
6.13
8.70
5.43
k.56
3.15

0.87
1.72
1.18
3.40
Lol
0,42

1.26
1.88
5.90
6.80
5.05

3.90
li.15
6.30
5.25
3.20
4.00

1.86
1.79
1,75
2.0k
2.02
1.56
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Table VIIIA

Physical data for soils collected west of the Rio Grande River.



S0il Locatien Date of Alt. Depth Silt & Clay pH Description of Seil
No. No. Collection Ft. In. % 1110

3  25/1W-36N §/12/61 L64O 12-%ﬁ %g-g ?.?g (%ight brcwn—gray,loosessoft,structureless,rer R.F.
= . 7. gneissic and volcanic).
2l4-36 29.0 7.50 Gdghter in color than above,more clayey,weak gran:
36-L8 12.2 7.60 \loose,few R.F.
L48-60 19.0 7.60 Mull gray-brown,firm structure,lime mottling,sligr
60~72 11.8 7.60 \sticky,no H.F.
5 25/1W-23N  6/11/61 L8oo 13-%8 1%.8 ;.ig (Light gray,loose,soft,weak granular,few R.F.,non-
- . 10 \sticky.
20-30 10.8 7.50 (Brown—gray,few R.F.,more clayey than above,moderat
30-10 16.5 7.50 ‘blocky structure,lime mottling,sligntly sticky.
L0-50 16.3 7.60 (Light red-brown,hard,blocky structure,few R.F.,
50-60 19.0 7.60 \slightly sticky.
6  3S/1N-2R 8/19/61  L620 2—6 2g.h 7.65 (Light brown,clayey,soft,loose,meak granular, very
] -12 18.7 7.70 \few R.F.,non-sticky.
12-18 20.0 7.60 (Light brown,less clayey,hard,compact,nc R.F.,
18-24 18.0 7.60 \firm,slightly sticky.
24~36 19.0 7.65 Same color as above,no R.F:,calcareous agg.
36-48 14.0 7.65 Brown color,hard,stoney,limey,weak structure.
48-60 5.2 7.70 Light bromn color,hard,structureless,calcarecus.
g 7 25/1W-25M  7/1L/61 L720 2—6 12.7 7.30 (Light brown,loose,weak granular,few R.F.,soft,
! -12 10.0 7.50 \non-sticky.
: 12-18 7.3 7.55 fLighter brown color,harder structure than above,
i 18-2h 8.1 750 \specks of lime,slightly sticky.
: 2L=30 4.8 7.50 Same as above,contains more lime.
; 30-36 2.0 7.50 Same color as above,sandy,few R.F.,structurelsss.
8 35/18-11B  7/17/61 4680  0-10 7.2 7.50
. 10~20 l3.3 7.60
20-30 6.8 7.55 Same as 25/1W-25M
30-40 Sl 7.60
LO-50 6.4 7.60
50-60 6.3 7.60
9  38/IW-1LF  7/15/61 L720 0-10 10.4 7.00 Dark gray-brown,soft,loose,structureless,
10-20 12.0 7.00 \few granitic R.F.
20-30 12.0 7.10A(Medium gray-brown,wesk blocky structure,lime
30-40 14.0 7.10 \specks,slightly sticky,few R.F.
L0-50 1.4 7.10 (Same color as above,moderate blocky structure,
5060 8.0 7.15 \calcareous cementing,slightly sticky.
10 3S/1W-15L  7/1i7/681 L4860  0=10 13.0 7.15 fAshey gray-brown,loose.crumb structure,few granitic
10-20 12.6 7.10 \R.F.
20-30 8.0 7.10  Same coleor as above,moderate crumb structure.
30-40 13.3 7.15 (Lighter gray-brown than above,soft,loose crumb
L0~50 18.2 7.20 \structure,very few R.F.
50~60 12.8 7.22 Same color as above,limey agg.
E8
11 3S/1wW-23H  7/17/61 ¥790  0-10 9y i 7.50 fLight brown,granular,soft,loose,structureless,
10-20 8.3 7.50 \few R.F.,lime specks.
20-30 5.6 7.45 Brown,sandy,structurelessyfew granitic R.F.
30-4L0 7.2 7.6 Same as above, less R.F.
10-50 6.9 7.40 Brown,calcareous cementing.
50-60 2.6 7.L0 More sandy than above,few R.F.,lime specks.
12 38/1W-24d " 7/17/61 L700  0-10 9.k 7.20 (Brown,sandy,1ooae,soft,structureless,
10-20 8.1 7+15 \no R.F.
20-30 T3 7.15  Brown,sandy,loose,structureless. .
30-10 6.9 7.2C Brown,few R.F.,lime specks.
L0-50 5.2 7.20 Same as above,more lime specks.
50-60 5.8 7.2% Sandy,brown,loose,structureless.
13 38/1WN-36Q 7/17/61 4680  0-10 14.0 7.60 (Brown,1oose,friable,structureless,non—sticky,
’ : 10-20 13.0 7.55 \few R.F.
20-30 11.4 7.55 Same as above layer.
30-h0 8.4 7.50 (Light brown,sandy,weak blocky,lime specks,
LO=50 5.9 7.60 \lime cementing.
50-60 6.9 7.60 Light brown,hard,limey.
1 3S/1W-25Q  7/17/61  L720 0-10 9. g 7.5
10-20 10. 7+45
20-30 11.6 ~ 7.50 Same as 35/1W-36Q
- 30-L0 9.8 7.55.
L0-50 9.5 7.60
50-60 Tols 7.60




30il Location Date of  Alt. Depf.h 5ilt & Clay pH - Description of Soil

: No. No. Collection Ft. In. % 1110
.
L1
i 15 3S/1W-128  11/3/60 LéLO 0—3‘ 10.6 7.22 Gray,loose,friable,structureless,fe F.,
: 12~ 11.1 Te non~-sticky.
‘ 24-36 10.1 7.60 fGray-brown,hard,weak blocky structure,
¥ 36-L8 9.8 7.60 \slightly sticky.
i L8-60 10.7 7.65 Sandy,gray-brown,limey B.F.
. 60-72 8.6 7.65 Same as above.
16 38/1%-28d  6/17/61 L7130 2—6 7.5 7.55
4 -12 9.1 7.55
12-18 8.0 7.50 Same as 38/1W-36Q
18-2L 7.3 7.55
2L=30 8.1 7.60
30-36 8.5 7.60
17  35/1E-31s  6/17/61 Lu660 g—ﬁé 9.3 7. 25 (nght gray,hard,stoney,specks of lime,
- 8-l 10.9 7.60 \many R.F.
16-24 10.4 7.60 sBrown-gray,few gypsum crystals,weak
2432 11.2 7.65 (blocky structure,limey agge
32-L0 5.3 7.65 flight brown,few R.F.,weak blocky structure,
LO-L8 L.6 7.65 \few lime specks.
21 3§/1W-27  1/22/61 L9Lo 2-6 ;-8 7.30 (Brown,soft ,loose,weak granular structure,
-12 WL 7.20 \few plant remnants few R.F.
12-18 7.1 7.10 (Gray-brown,hard,moderate blocky structure,
18-2L 8.4 7.10 \R.F. coated with lime.
2L-30 7.7 7.10 /Brown,hard,moderate blocky structure,
30-36 8.8 7.05 \fewer R.F.,few specks of lime.
22 38/1W-33C  7/22/61 5200  0-6 11.7 7.50
6-12 9.2 7.45
12-18 7.6 7.45 Same ss 35/1IW-27J
18-2) 7.3 7.L5
2130 7.2 7455
30-36 8.5 7455
38 35/1W-31G  7/26/61 5355 g—;o %L{.% z.g? (Gray},(;oft loose,struc:{u;eless,sllghtly
- . . stickypmany granitic .
10-15 el 7.25 More R.F. than above.
15-20 8.3 7.25 '
20-25 8.7 7.30 (Dark gray color,more R.F.
25-30 10.3 7.30 -
39 35/2W-36A  7/27/61 5L8O 2—6 22.6 7.30 (Dark gray-brown,hard,weak blocky structure,
=12 25.3 7.20 \few R.F.
12-18 1k.6 7.15 Same as above.
18-24 1h.h 7.20 (Dark gray-bromn,hard,moderate blocky
24=30 10.9 7.25 \structure,lime specks.
30-36 9.8 7.50 Same as above.
76 38/1W-21Q 8/26/61 5350 2—? 12.2 7.][_:8 (Gray,iang,?oftﬁl;ose,structureless,
-12 1L. e non-stic ew R.F.
12-18 11.8 7.L0O (Gray,hard,;odérate blocky structure,
18-24 1h.6 7.2 \slightly sticky.
2130 9.6 7.Ll fSame as sbove,more R.F. than in
30-36 10.5 7.L8 \surface layers,lime specks.
75 3S/1W-220 8/26/61 L850  0-6 5.3 7.37
6-12 9.3 7.38
12-18 6.7 7.40 Same as 35.1W-21Q
18-2L 8.9 7.35
2L-30 5.9 7.40
30-36 5.5 7.L5
5o 3S5/1W-3Q 7/31/61 u765 8d]8_6 :ltg.E "711':(2) Ilalght grai,sandy soil,few plant remnants,
- o3 . ime specks.
16-2h 10.0 7.2 {Gray,sandy,weak granular structure,few
2L~32 8.0 7.45 \1lime specks.
32-40 7.8 7.48 (Same as above,more lime specks.
L0-L8 9.0 7.50 \Nore R.F. than sbove.
63 35/1W-35C 8/5/61 L7700 2-6 Feli 7-)4’430
-12 7.2 Te
12-18 . 7.4 7.48 Same as 35/1W-3§
18-24 Te2 7.52
2h-30 7.3 7.56
30-36 1.5 7.60




Soil Location Date of Alt. Depth S5ilt & Clay pH Description of Soil
No. No. Collection Ft. In. 4 1110
4O  2S/1W-21Jd 7/28/61 w880 0-6 1.2 7.41 fReddish-brown,soft,loose,weak blocky struc-
6-12 1L.5 7.40 \ture, few R.F.
12-18 10.0 7.40 (Reddish-brown,hard,mederate blocky struc-
18-24 8.4 7.48 \ture,lime cemented agg.
2430 9.3 7-49 Same as above.
30-36 8.h 7.50 Gray,more R.F.,few lime specks.
K1 25/1W-28D  7/28/61 L9753  0-6 9.3 7.3k
6-12 Teb 7.33
12-18 8.5 7.29 Same as 25/1W-21J
18-2L 9.2 7.40
2L-30 8.5 7.40
30-36 8.0 7.45
Lz 25/1W-29F  7/28/61 5060  0-9 bak 7.30 (Light gray,loose,soft,sandy,structureless,
9-18 3.3 7.35 \ few R.F.
i 18-27 3.8 7.42 More sandy,more R.F. ]
i 27-36 3.3 7.4l fLight gray,specks of lime,weak blocky
36-L5 3.6 7.38 \structure.
L5-54 3.9 7.40 High lime content.
20 25/1w-25L  S/18/60 Lo  0-6 29.0 7.50 /Light brownish-yellow,loose,soft,clayey,
6-12 L0.6 7.50 \friable,no R.F.
12-18 22.3 7.55 Yellokish-brown,weak blocky structure.
18-24 17.5 7.60 Same as above, lime specks.
: 2L-36 1743 7.65 Light brown,lime cemented R.F.
36-L8 1h.2 7.65 Same as above,no R.F.
: L8-60 7.6 7.70 Sandy,very soft,structureless,no R.F.
F 28  2S/1W-13L  T7/23/61 L6Lo  0-6 3.5 7.35 fLight gray-brown,sandy,soft,loose,
H ) 6-12 3.8 7.35 \structureless,few R.F.
: ' 12-18 hel 7.30 Very light brown,specks of lime.
4 18-2l L.7 7.30 Same as above.
24=30 Jaly 7.40 Light brown,sandy,higher in lime content.
: 30-36 5.6 7.40 Same as above. )
: L, 25/1W-1LR  6/11/61 700 0-12 14.8 7.50
12-24 11.6 7.L0
2L-36 7.1 7.30 Same as 25/1W-13L
36-48 12.0 7.50
L8-60 9.8 7.50
60-72 8.1 7.60
7284 7.5 7.60
29  28/1W-14N  7/23/61 4735 0-6 2.9 7.32
6~12 3.1 7.30
12-18 3.9 7.30 Same as 25/1W-13L
18-2h 3.8 7.35
2L4-30 3.7 T+k0
30=36 3.2 7.h0
53 25/1W-208  8/L/61 5020 0-6 6.4 7.k (Gruy,soft,loose,atructﬁreless,
6-12 6.9 7.3 \many R.F.{granitic).
12-18 7.7 7.40 Same as above.
18-24 10.5 7.40 fLight gray-brown,slightly hard,weak
21,-30 9.7 7.45 \blocky structure,few lime specks.
30-36 8.8 7.50 Same as abova.
52 25/1W-11P  8/2 /61 4735 06 13.7 7.8
6-12 15.0 746
12-18 13.3 7.45 Same as 25/1W-20A
18-24 12.2 7.50
2L-30 12.7 7.52
30-36 17.7 7.50
31 28/1W-9J 7/25/61 Lg60  0-6 15.1 7.39 fLight gray-brown,loose,soft,structure=
&6-12 10.9 7.40 \less, few R.F.
12-18 7.3 7.42 fLight gray-brown,slightly hard,weak
18-2L L2 7.45 \blocky structure,lime mottling.
2430 6.8 7.47 Same as above.
30-36 6.1 7.46 Light brown,slightly hard,meak blocky.
32 25/1W-9N 7/15/61 5120 0«6 9.9 7.38
6-12 6.7 7.L0
12-18 6.1 7.4l Same as 25/1W-9J
18-2) 6.4 7.48
2l=30 6.1 T.48
30-36 Te3 T.h2




Soil  Location Date of Alt. Depth 8ilt & Clay pH Description of Soil
%

No. No. Collection Ft. .In. 1:10
30 25/1W-3P 7/25/61 L800 . 0-6 L.9 7.L0
6-12 6.0 7445
12-18 11.3 7.2 Same as 25/1W-9J
18~24 10.7 7.40
2)-30 11.9 741
30-36 5.9 7.L5
37 25/1W-2L 7/26/61 L650  0-8 22.0 7.L0 ¢ Dark gray-brown,soft,loose,granular,few

b 8-16 21.0 7.37 \R.F., clayey agg.

¢ 16-24 2h.2 7.33 fDark gray-brown,slightly hard,weak

2l=32 18.6 7.37 \blocky structure.

1 32-L0 18.8 7439 fSame as above,lime specks and lime

: LO-18 18.5 7.41 \ coated R.F.

A

’ 6 15/1W-28D  B/L/61 5200  0-6 17.7 7.32 fYellowish-gray,soft,leose,structureless,

: 6-12 38.0 7.38 \granitic R.F.

: 12-18 36.9 7.33 /Brownish-gray,more clayey,slightly hard,
18~2L 37.1 7.36 \sticky,moderate blocky structure.
2L-30 39.5 7.32 BSame as above,few lime specks.
30-36 3h.1 7.38 CGrayish-brown,weak blocky structure.

S5 18/1W-16D  8/hL/61 L9285 0-6 5.7 7.28 fGray-bromn,soft,granular,sandy,
6-12 5.8 7.31 \few R.F.
12-18 5.1 7.30 Same as above,less R.F.
18-2L 5.5 7.30 Same as above.
2L-30 2.8 7.30 fLight gray-brown,coarse,sandy,few lire
30-36" 3.8 . 7435 \specks and gypsum crystals.
51 1S/1%-33C 8/2/61 L9600  0-6 1h.6 7.8
6-12 12.8 7.2 ,
12-18 3.2 7.L2 Same as 25/1W-2L
18-2L 16.0 7.L8
2l4=30 16.1 745
30-36 23.h T.43
Sk 25/1%-7R 8/L/61 5360  0-6 14.5 7.31
é6-12 12.5 7.29
12-18 12.5 7.32 Same as 25/1W-2L
18-2L 13.0 7.30
24-30 11.4 7.2hL
30-36 12,5 736
3L 1S/1W-11M  7/26/61 L680  0-8 13.0 7.28 (Light gray,soft,sandy,structurcless,
8-186 S.é 7.20 \no R.F.
16-2hL 7.0 7.25 Light gray,sandy,few R.F.
2h=32 3.1 7.24 Same as above,
32-40 3.0 7.22 fLight gray,more sandy than above,
LO-L8 3.9 7.30 \ few lime cemented agg.
33 18/1W-15E  7/26/61 4810 0-8 13.0 7.L0
8-16 12.8 7.42
16-2L 12.3 7.50 Seme as 15/1W-11M
2L-32 8.4 T+L7
32-L0 11.6 7.38
LO-L:8 10.0 7.39
L3 1S/IW-1LL  7/29/61 Lh680  0-10 2.9 7.38 (Gray,loose,sandy,structureless,
10-20 3.6 7.L2 \few R.F.
20-30 2.7 7.1 Same as above.
T 30-40 L.3 7.L2 Gray,loose,structureless,few R.F.
L0-50 9.6 7.45 fGray,slightly hard,more clayey than
50-60 13.7 7.L0 (above, lime cemented agg.
35  18/1-22R  7/26/61  L660  0-8 114 7.39
8-16 13.7 7.35
16-2L 19.1 7.39 Same as 1S/1W-11M
2h-32 16.3 7.35 ‘
32-L0 17.0 7.32
LO-4L8 12.2 7.30
36 1S/1W-35D  7/26/61  L655  0-8 1k.9 7.40
8-16 16.9 7.37
16-2k 16.5 7.30 Same as 1S/IW-11M
24~32 16.2 7.30
32-40 ° 1lh.hk 7.35
18.6 7435

LO-L8
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Mesical data for soils collscted wes® of ihe Rin (Grande River.



e

So0il Location Date of Depth Extractable Cations Soluble Cations  Exchangeable Cations Total

Ne. Nos hnalysis In. m.e, /100 gms. m.e. /100 gms. m.e./100 gus. Exchangeable
Y Ca** Nat g:g*‘ K*¥ Ca** /Na"‘ gmug“ cat Nat Mif‘ KY Catigns
3 35/1W-36N 9/19/61 0-12 15.50 1,00 13.30 1.90 2.30 0.00 2.00 13.20 1.00 11.30 1.90 27.L0
l2-2 14.00 5.60 15.00 1.80 1.80 1.80 3.90 12,20 3.80 11.10 1.80 28.90
24-36  14.00 18,00 19.00 1,60 2.00 10.90 6.50 12.00 7.10 12.50 1.60 33.20
36-L48 13.50 22,50 19.00 1.30  2.50 13,80 5.80 11.00 8.70 13,20 1.30 34.20
L8-60 15.00 17.50 17.50 0.70  1.50 7.60 1.70 13.50 9.90 15.80 0.70 39.90
60-72 13.50 21.00°15.00 0,60 1.30 15.80 2,40 12.20 5.20 12.40 0.50 30,60
S 25/1W-23N  9/19/61 0-10 17.50 1.70 16.60 0.90 L.50 0.13 5.60 13.00 1.57 11.00 0.90 26,47
10-20 16.50 3.20 13.30 0.67 3.50 0.13 3.75 13.00 3.07 9.55 0.67 26.29
20-30 16,00 6,30 13.00 0.9 2.90 0.13 3.75 13.10 6.17 9.25 0.9 29.21
30-k0 15.50 B.00 10.80 0.95 3.60 0.13 1.80 .11.90 7.87 9.00 0.95 29.72
LO-50 17.50 1.L3 13.30 0.60 2.00 0.13 1.40 15.50 1.30 11.90 0.60 25.30
50-60 17.00 '0.65 13.30 0.82 2,50 0.13 1.80 14.50 0.52 11.50 0.82 27.34
6  3S/1W-2R  9/18/61 0-6  13.70 16.00 17,50 0.56 1.35 1.92 0,00 12.35 14.08 17.5C 0.56 Ll 1s9
‘ 6~12 13.50 28,50 17.00 0.61  1.50 L.30 1.40 12.00 24.20 15.60 0.61 51.80
12-18 13.00 30.50 15.80 0.67 2.00 L.30 0.00 11.00 26.20 15.80 0.€7 53.67
' 18-2L 13.00 32.50 15,00 0.82  2.50 4.30 1,70 10.50 28.20 13.3C 0.82 52,62
2L-36 12,00 33.50 13.30 0.80 2,00 L4.10 1.70 10.00 29.L0 11.50 0.80 £1.80
36-48 13.70 18.20 21,00 0.48  1.80 3.80 1.L0 11.90 1L.hO 19.50 0.L8 L5.38
LB~50 12.00 1L.80 18.70 1.30  0.48 3.80 1.40 10.70 11.00 17.30 0.48 39,48
7 eS5/IW-25M  9/19/61 0-6  20.70 0.39 12.50 1.L0 6.00 0.13 3.75 1L.70 0.26 8.80 1.L0 25.16
6-12 20.50 0.L8 10.80 0.69 7.30 ©0.13 3.56 13.20 0.35 7.2k 0.69 21.L8
12-18 20.30 0.56 9.20 0.62 8,00 0,13 1.4O 12.30 0.L3 7.80 0.62 21.15
18-2l 19.00 1.10 7.50 0.69 6.70 0.13 1.L0 12.30 0.97 6.10 0.69 20.06
2L-30 20.20 0,65 12.50 0.93  4.05 0,13 3.75 16.15 0.52 8.75 0.53 26.35
J0-36 12.00 0.83 15.00 0.80 5.00 0.15 2.15 14.00 0.70 12.35 0.80 27.85
8  35/1W-11B 9/19/61 0-10 16.00 3.00 15.00 1.20 3.50 0.78 1.40 12,50 2.22 13.40 1.20 29.52
- 10-20 14.50 6.30 13.30 0.98  3.50 1.92 2,15 11.00 L.38 11.15 0.98 27.51
20-30 13.70 10.00 12.50 0,85 3,00 3.50 2.15 10.70 6.5C 10.35 0.83 26,40
JO-40 12.50 11.80 10.80 0.78 2.50 3.70  1.LO 10.00 B.10 9.L0 0.73 26.28
LO-50 15.00 6.60 17.50 0.92 1.80 1.73 1.hO 13.20 1.87 16.1C 0.92- 33.09
50-60 16.50 $.10 19.00 1.00 3.00 2.60 2.15 13.50 6.50 16.85 1.00 37.85
9 38/IW-1LF  9/1L/61 0-10 16.00 2.50 13.30 2,L5 2,30 1.00 1.70 13.70 1.50 11.50 2.LS- 29.25
1020 13.70 2.70 12.50 1.90  0.90 1,00 1.70 12,80 1,70 10.80 1.90 27.20
20-30 12.20 L.60 10,80 1.48 0.60 1,70 2,15 11.60 2.90 8.55 1,48 2L.63
30-L0 13,70 5.60 13.30 1.26 0,70 2.60 2.00 13.00 3.00 11.30 1.26 28.56
LO-50 12.50 4.20 15.00 1.40  0.90 2.30 1.70 11.60 1.90 13.30 1.L40 28.20
50-60 13.20 L4.60 15.00 1.40 1,30 2.80 1.40 11.90 1.80 13.60 1.L0 28.70
10 38/1W-15L 9/19/61 0-10 15,50 3.50 19,00 0.98 2.30 1,30 1.70 13.20 2.20 17.30 0,98 33.68
10-20 12.50 3.90 13.30 0.82 0.90 1.60 1.70 11.60 2.30 11.40 0,82 26.32
20-30 11.50 7.10 11.70 0.6% 0,50 2.60 2.15 11.00 L.50 9.55 0.569 25.7h4
30-0 10.00 32.50 11.70 0.67 -0.35 15.80 2.80 9.65 16.70 6.90 0.67 35.92
i LO-50 13.70 5.40 16.6Q:0.80 0,50 2.30 2.15 13.20 3.10 1i.L5 0.80 31.55
i 50-60 11.50 6.85 15.00 0.77 0.60 2.10 2.15 10.90 L.75 12.85 0.77 29.27
11 38/1W-23H 9/19/61 0-10 18,50 "1.90 16.20 0.4L5  3.50 0.50 L4.75 15.00 1.00 11.L5 0.45 27.90
10-20 16,50 L.4O 17.50 0.L7  3.00 1.80 G5.80 13.506 2,60 11.70 O.h7 25.27
20-30  15.50 6.70 20.70 0.58 2.50 3.00 7.60 12.60 3.70 13.10 0.58 29.98
30-40  1L.70 8.00 21.80 0,60 2,00 2.50 9.00 12.70 5.50 12.60 0.60 31.40
LO-50 13,70 9.10 23.00 0.62 2.10 2.80 8.70 11.60 6.30 14.30 0.42 32.82
50-60 16.50 6.30 12.10.0.51 2,00 1.h0 1.L0 14.50 4.0 10.70 0,51 30.61
12 38/1W-2LJd  9/26/41 0-10 14.20 2.74 17.50 0.L5 3.00 0.87 0.00 11.20 1.57 17.50 0.LS 31.02
) .10-20 13.20 3.10 16,30 0.50 2.50 0.70 1.40 10,70 2.40 14.90 0.50 28,50
20-30 11.50 L.60 15.00 0,56 2,50 ©.20 1.L0  $.00 L.40 13.40 0.56 27.56
30-L0 11.50 5.90 13.40 0.58 2.50 0.20 1.70 $.00 5.70 i1.70 0.58 . 26.98
LO-50 13.70 2.40 17.50 0.45 2.50 0,20 1,10 11.20 2.20 16.10 0.45 29.95
50-60 14.2C 2.70 15.00 0.50  3.00 0.30 1.40 11.20 2.L0 13.60 0.50 27.70
13 38/1W-36Q 9/26/61 0-10 20.00 10.80 20.70 0.82  L.00 3.50 1.40 16.00 7.30 19.30 0.82 L3.42
10-20 15,70 12.40 19.50 0.87 ;.00 h.10 1,70 11.70 8.30 17.80 0.87 38.67
20-30 1,.70 13.80 13.30 1.03  L.LO 3.50 2.1% 11.30 10.30 11.15 1.03 33.78
30-L0 13.70 13.60 9$.30 1.00 L4.00 3.50 2.15 9.70 10.10 7.15 1.00 27.95
L4O-50 17.00 11,30 15.00 0.%0 3.50 3.05 2.15 13,50 8.25 12.85 0.90 35,50
50-60 15.50 $.30 12.10 0.8L  3.50 3.80 2,80 12.00 S.LO 9.30 0.8L 27.54
W 38/1W-250  9/26/61 0-10 16.40 1.95 12.00 0.73 1.30 1.00 2.15 15.10 0.95 9.85 0.73 26.63
10-20 1L.70 k.55 17.50 0.84 2,00 1.70 2.80 12.70 2.85 1L.70 0.8y 31.09.
20-30 13,20 25.60 17.30 1.20 2,40 $.60 2,80 10.80 16.00 14.50 1.20 L2. 50
30-L0 12.20 27.90 20.40 1.72 2,20 10.90 2.80 10.00 17.00 17.60 1.72 Lén32
L0-50 17.50 17.40 12.00 1.15 1.80 L.90 2.80 15,70 12.50 9.20 1.15 38.55
50-60 15.50 10.00 9.20 1.10 2,00 2.20 2.15 13.50 13.30 7.05 1.10 34.95




S0il Location Date of Depth Extractable Cations Soluble Cations  Exchangeable Cations Total
No. Nos Analysis In. mee. /100 gms. mee./100 gms. m.e./10C gms. Exchangeable
Ca*™ Na%v Mgt K¥ Ca™ Na*  Mg** Ca™ Na* Mg+ k¥ Cations

15 35/1W-12N 9/28/61 0-12 28.50 10.00 13.20 0.58 12.00 OQ.L3 1.70 16.50 9.57 11,50 0.58 38.15
12-2L 17.00 15.40 12.00 0.67 °© 3.50 1.7h 2.15 13.50 13.66 9.85 0.67 37.68
2)-36 15.70 20,90 10.00 0.95 L.hO 3.05 2.15 11.30 17.85 7.85 0.95 37.95 -
36-h8 13.20 23.50 9.u0 1.10 6.60 4.30 2.80  6.60 19.20 6.60 1.10 33.50
48-60 16.70 1%.50 13.20 0.82 6.10 k.10 2.80 10.60 15.L0 10.40 0.82 37.22

60-72 14.20 15.40 12.00 0.73  L.00 2.85 1.70 10.20 12.55 10.30 C.73 33.78

16 38/1W-25J 9/28/61 0-6 17.50 0.92 10.00 1.90 3.00 0,20 1,70 1L.50 0.72 B.30 1.%0 25,12

6-12 16.20 1.10 9.40 1,90 3.20 0.20 1.70 13.00 0.90 7.70 1.%0 23,50

12-18 14.20 1.30 6.20 2.20 2.60 0.13 1.L0 11.60 1.17 L.80 2.20 19.77

18-2L 16.20 0.80 12,00 1.30 3.50 0.17 1.70 12.70 0.63 10.30 1.30 2L.93

. 2L-30 16.00 1.00 13.20°1.70 1.50 0.25 1.40 14.50 0.75 11.80 1.70 28.75

30-36 18.70 1.10 12.00 1.50 L.20 0,13 1.L0 1L.50 0.97 10.40 1.50 27.57

4 17  25/1E-31E 9/28/61 0-8 18.50 2.90 17.50 0.37 1.30 1.00 2,80 17.20 1.50 14.50 0.37 33.97
i 8-16 15.70 11.30 15.20 0.43 2.00 L.%0 2.15 13.70 6.L0 13.05 0.L3 33.68
. 16-2L, 1L.50 13.70 13.20 0,50 2.40 5.30 1.70 12,10 8.40 11.50 0.50 32.50
5 25,-32 17.00 10.L0 12.0C 0.56 2.80 L.10 2.00 14.20 6.30 10.00 0.56 31.06
: 32-40 15.20 7.30 15.00 0.33 0.%0 2.20 1.40 14.30 5.10 13.50 0.33 33.33
: LO-L8 17.50 9.20 17.50 0.43 L.00 3.05 2.80 13.50 6.15 14.50 0.63 34.78
: 21 35/1%-27J 10/1/61 0~6 15.70 0.48 9.30 1.50 1.70 0.00 0.00 14.00 0.L8 9.301.50 25.28
] 6-12 1L.20 0©.S6 10.60 1.60 1,10 0.00 1.50 13.10 0.56 9.00 1.50 2h.25
; 12-18 13.20 0.65 13.20 1.70 ©.90 0.00 L.10 12.30 0.65 9$.101.70 23.75
% 182}, 13.20 0.73 15.00 2,20 1.70 0.00 5.60 11.50 0.73 9.L0 2.20 23.33
; 24,-30 15.00 O.L8 10.60 1.40 1.30 0.00 0.00 13.70 C.Lh8 10.60 1.40 26.18
: 30-36 13.70 0.5 9.30 2.10 1.20 0.00 0.00 12.50 0.56 9.302.10 2416
22 35/1W-33C 10/1/61 0-6 17.50 0.48 15,00 0.80 2,50 0.10 L.75 15.00 0.38 10.25 0.80 26.43

: 6-12 15.20 0.63 9.10 0.92 2.20 0.20 1.80 13.00 0.43 7.300.92 21,65
; 12-18 11.00 ©0.80 7.90 2.10 1.30 0.25 1.LO0 9.70 0.%5 6.50 2.10 18.85
: ‘ 1§-2) 10.00 0.80 L.50 3.90 0.90 0.17 0.00 .10 0.63 L.60 3.%0 18.23
: 24-30 18.50 ©.5L 10.80 1,10  L.bO 0.20 1.40 1h.10 0.3h 9.L0 1.10 2h.94
30-36 17.00 0.63 9.10 1.20 3.00 0.30 1.70771L.00 0.33 7.40 1.20 22.93

38 35/1-31G 10/13/61 ©0-5 18,50 0.30 7.70 2,10 2.50 0.10 0.00 16,00 0.20 7,70 2.10 26.00

5-10 17.50 0.61 7.70 2.10 2.50, 0.13 0.00 15.00 OC.L8 7.70 2.10 25.28

10-15 16.20 ©,78 56.80 1.0 3.00. 0.17 1.h40 13.20 0.61 5.L0 1.£0 20.81

15-20 15.20 1.00 6.80 1,30 L.40 0.30 1.,L0 10.80 0.70 5.40 1.30 18.20

20-25 20.70 0.52 9,20 2,40 h.00 0.30 1,70 16,70 0.22 7.50 2.40 26.82

25-30 23.00 0.43 10.80 2.30 L.00 0,20 1.70 19.00 0.23 9.102.30 30.63

39 25/2W-36x 10/15/61 ©0-6 10.00 0.13 8.30 5,10 0.00 0,00 0.56 10,00 0,13 7.7h 5.10 22.97
6-12 9,70 0.13 6.80 L,.90 0.50 0.00 0.56 9.20 0,13 .24 L.90 20.L7 "

12-18 B8.90 0.13 5.20 2.10 ©0.35 0.00 0.56 8.55 0.13 L.6h4 2.10 15.42

18-2 7.60 0.13 3.21-1.20 0.00 0,00 0,56 7.60 0.13 2.65 1.20 17.60

24-30 10.00 0.13 10.80 1.0 0.00 0.00 0.56 10.00 0.13 10.2l 1.LO 21.77

30-36 11.00 -0.13 9.20 1.100 0.§0 0.00 0.56 10.10 0,13 8.6l 1.10 19.97

76 38/1W-214 10/31/61 0~ 16.50 0.30 6.70 2.50 2.60 0,00 0.83 13.90 "0.30 5.87 2.50 22.57

6-12 15.80 1.40 6.00 2.60 2.80 0.25 0.83 13.00 1,15 5,17 2.60 21.92

12-18 1%.80 1.90 5.00 1.50 3.10 0.60 0.00 12,70 1.30 5.00 1.50 20.50

18-2h 15.00 2.20 S.00 1.20 L.00 0.75 0.h2 11.00 1.L5 4,58 1.20 18,23

24-30 17.00 1.00 7.80 1,10 2.25 0.45 1.40 1h.75 0.55 6.L0 1.10 22.80

30-36 16.30 0.70 6.70 1,40 3.65 0.13 1.70 12.65 0.57 5.00 1.LO 19.62

75 3S/1W-224 10/31/61 0-6 15.30 0.30 6.00 2,40 0.00 0.00 0.83 15.30 0.30 5¢17 2.L0 23.17

6-12 17.00 0.30 L.20 1.90 2.50 0.00 0.00 1L.50 0,30 4.20 1.90 20.90

12-18 18.30 0.43 0,80 2.20 L.30 0.00 0,00 1L.C0 0.43 0.80 2.20 17.43

18-2), 19.00 0.79 6.00 2.30 2.00 0.00 0.C0 17.00 0.79 6.00 2.30 26,09

24,30 17.50 0.52 6,70 1.40 2.00 0.0 1.40 15.50 0.52 5.30 1.40 22,72

30-36 18.30 0.25 6.00 1.30 3.8 0.00 1.70 1L.50 0.25 L.30 .30 20.35

50 38/1W-3@  10/21/61  0-8  15.00 3.30 16.70 L.50  3.00 1.40 1.70 12.00 1,90 15.00 4.50 33.40

8-16 13.50 1.10 13.40 1.40 3.50 2.10 2,15 10.00 2.00 11.25 1.LO 24.65

16-2L, 11.L0 - 5.60 12.50 1,30 3.50 L.30 2.15 7.90 1.30 10.35 1.30 20.85

24-32 21.50 k.10 16.70 1.20  6.60 2.85 1.70 1h.90 1.25 15.00 1.20 32.35

32-40 17.00 2.60 18.00 1.30 L.00 1,60 2.15 13.00 1.00 15.85 1.30 31.15

Lo-L8 16.50 1.70 15.80 1.40 3.00 0.B7 2.80 13.50 0.83 13,00 1.40 28.73

63 25/1W-35C 10/26/61 ©0=6 13.50 0,30 10.60 1.00 0.C0 0.00 0.00 13.50 0.30 10.60 1.00 25.40

6-12 12.50 0.37 B.80 0.60 ~0.90 0.00 0,00 11.60 0.37 8.80 0.60 21.37

12-18 12.30 0,30 7.80 0.0 0.50 0,00 0,00 11.80 0.30 7.80 0.60 20.50

18-2L 15.30 0.43 11.70 0.70 0,30 0.00 0.00 14.L0 O.L3 11.70 0.70 27.23

2,-30 13.00 0.37 8.80 0.60 0.60 0.00 0.00 12.L0 0.37 8.80 0,60 22,17

30-36 14.50 0.30 9.60 0.70 1.30 0.00 0.00 13.20 0.30 9.60 0.70 23.80




Soil Location Da:le of Depth Ex'tract,a/alble Cations Soluble Cations Exchangeable Cations Total
No. No. Analysis  In. me2./100 gms. m.e./100 gms. m.e./100 gms. angea
Ca++ Na+ Mg+|- K* Ca** /Na‘ gInMgJ»-(- Ca“' Nai M?" K+ Exg:tignsble
40 28/1W-21J 10/15/61 0-6 17.00 2.00 12.10 1.LO0 3.00 1.26 1.40 1L.00 0.7h 10.70 1.40 26,84
6=12 16,50 2.10 11.70 1.50 3.50 0Q.70 2.00 13.00 1.40 9.70 1.50 25.60
12-18 16.20 2.20 10.80 1.60 3.50 0.35 2.15 12.70 1.85 8.45 1.60 2l.80
; 18-2L 15.20 2.40 10.00 1.20 2.70 0.00 1.80 12.50 2.40 8.20 1.70 21,80
/ 2)=30 .16.50 1.80 12,90 1,20 2.50 0.00 0.%0 1L.00 1.80 12.00 1.20 29,00
> 30-36 15,70 1.AC 13.80 1,00 3.00 0,00 2.00 12.70 1.50 11.50 1.00 27.10
Ll 28/1W-28D 10/15/61 0-6 21.50 1.10 9.20 1,60 1.80 0,58 1,40 19.70 0.52 7.80 1.50 29,62
6-12 21.00 1.70 10.00 2.00  L4.90 1,10 1,70 16.10 0.60 8.30 2.00 27.00
12-18 20.20 2.40 9,20 2.10 1.80 0.70 1.70 18.40 1.70 7.50 2.10 - 29.70
18-24 19.50 2.40 8.30 2.30 1.80 0.70 1.40 17.70 1.70 6.90 2.30 28.40
24-30 18.20 5.30 6.80 3.60 2.50 0.70 1,70 15.70 L.60 5.10 3.60 29,00
30-36 22.00 1.40 10.80 1,60 L.00 1.00 1,40 18.00 0.40 9.L40 1.60 29.50
L2 2S8/1W-29F 10/16/61 0-9 20.20 1.30 9.20 1.10 6.00 0.00 1.L0 1L.20 1.30 7.801.10 2L.40
9-18 19.50 3.60 §.30 1.10 7.30 0.00 1.L0 12.20 3.60C 6.90 1.10 23.80
18-27 18.50 L.70 7.7C 1.20 B.00 0.20 1.LO0 10.50 L.70 6.30 1,20 22.70
27-36 17.00 5.70 5.20 1.30 9.00 0.00 1.LO 12.00 5.70 3.80 1.30 22.80
36-L5 14.20 7.80 10,80 1.20 7.30 0.00 1.40 8,90 7.80 9.L0 1.20 27.30
LS=5L 22.00 1.30 10,00 1.20 8.00 0.00 1.40 1L.00 1.30 8.60 1.20 25.10
20 25/1W-2SL 9/30/61 0-6 20.50 10.80 17.50 0.30 7.50 3.50 L.75 13.00 7.30 12.75 0.30 33.35
6-12 19.00 13.70 13.20 0.37 8.30 L.10 3.00 10.70 9.60 10.20 0.37 30.87
12-18 17.00 20.50 12.10 0.50 6.50 5,60 1.90 10.50 14.90 10.20 0.50 36,10
18-2L 21.50 11.70 10.80 0.L3 3.80 2.20 2.15 17.70 9.50 B8.65 0.h3 36,28
2L~36 22.00 11.30 21,50 0.0 h.60 3,50 L.75 17.h0 7.80 16.85 0.hO L2.L5
36-48 21,00 12.60 19.10 0.35  3.90 3.00 1,40 17.10 9.60 17.70 0.35 Ll 75
18-60 15.20 6.90 12,10 0,30 2.20 2.50 0.56 13.00 k.30 11.5k 0.30 29,10
28 25/1W-13L 10/7/61 0-6  35.50 0.50 10.00 0.47 20.00 0,00 1.50 15.50 0.60 8.20 0.47 2L.77
6-12 31.00 1.50 9.20 0.57 1%9.10 0.00 1.850 11.90 1.50 7.L0O 0.57 21.47
12-18 2L.00 2.90 8.30 0.59 10.80 0.00 1.40 13.20 2.90 6.90 0.59 23.59
18-2L 23.00 L.70 8.00 0.2  9.00 0.00 1.40 1L.00 L.70 6.60 0.52 25.92
2L-30 1%.50 9.10 6.80 7.70 11.50 0,00 1.50 8.00 9.10 5.40 7.70 30.20
30-36 30.00 1.00 8.30 0.53 15,30 0.00 1.L0 1L.70 1.00 6.90 0.53 23.13
L4 28/1W-1LR 9/19/61 0-12 18,50 2.10 15.00 1.60 2.50 0.28 0.20 16,00 1.82 15.00 1.50 3h.42
12-2h; 16.20 2,30 13.30 0.73 1.8a 0.22 1.40 1L.LO 2,08 11.90 0.73 29.11
20-36 16,20 2.50 12.00 0.5h 2,50 0.58 0.00 13.70 1.92 12.00 0.6L 28.26
36-L8 15.50 7.00 10.80 0.60 2.50 1.10 1.4,0 13.00 5.%0 9.LO 0.50 28,90
LB-60 19.50 3.70 17.50 0.60 2.50 1.56 1.L0 17.00 2.1k 16.10 0.50 35.,8L
60-72 50,00 5.40 21.00 1.10 10,90 3.20 1.40 39.20 2.L0 19.50 1.10 62.30
72-8L 21.50 6.80 19.00 1.10 6.10 2,60 1.70 15.h0 L4.20 17.30 1.10 38.00
29  25/1W-1LN 10/7/61 0-6 15.70 0,30 8.00 0.71 3.50 0.00 0.00 12.20 0.30 8.00 0.71 2L.21
6-12 15.20 0.LO0 6.80 0.85 3.50 0.00 0.00 11.70 0.LO 6.80 0.85 19.75
12-18 15.00 0.80 $.%0 0.9% 3.00 0,00 0.00 12.00 0.80 5.60 0.99 19.39
18-2) 1L.50 1.70 4.20 1.10 2.40 0.00 0.80 11.90 1.70 420 1.10 18.90
2430 16,50 0.70 10.80 0.82 1.80 0.00 1.40 1kL.70 0.70 9.LO 0.82 25,52
{ 30-36 17.50 0.80 12.10 0.87 3.70 0.00 1.70 13.80 0.80 10.40 0.57 25.87
]
i 23 25/1W-20h 10/21/61 0-6  15.70 0.15 13.40 0.87 3.00 0,00 2.75 12.70 0.15 10.65 0,87 2L.37
=12 15.00 0.24 11.70 0.77 3.50 0.00 3.00 11.50 0.2L 8.70 0.77 21.21
12-18 1L.00 0,25 10.80 0.73  3.50 0,00 2.80 10.50 0.24 7.80 C.73 19.27
18-24 13.00 0.2L 7.50 0,60 2.50 0.00 .40 10.50 0.,2L 6.10 0.60 17.44
24-30 17.00 0.24 16.70 0.2 2,50 0.00 2.75 1hL.50 0.24 13.95 0.52 29.21
30-36 18.20 0.24 15.80 0.70 3.80 0.00 3.75 1L.WO 0.2h 12.05 0.70 27.39
S2  28/1W-11F 10/21/61 0-6 1L.00 0.52 18.00 1.10 3.50 0.00 7.75 10.50 0.52 10.25 1.10 22.37
: 6-12 13.50 1.00 15.80 0.87 3.L0 0,00 6.50 10.10 1.00 8.90 0.87 20.87
12-18 12,50 1.50 13.140 0.82 3.50 0.00 5.30 9.00 1.50 8.10 0.82 19.42
18-2, 14,00 0.6} 15.20 0.61 2.00 0.00 6.00 12.00 0.561 13.20 0.61 26,42
24,-30 12.50 O.hl 20.00 0.55 - 2.00 0.00 B.30 10.50 0.uk 11.70 0.55 23.19
30-36 13.00 0.70 18.00 0.7 3.00 0.00 6,70 10.00 0.70 11.30 0.47 22.47
31 25/1W-9J  10/8/61 0-6 17.50 0.24 13.80 0.33 5.00 0.00 3.56 12.50 0.2h 10.2L 0.33 23.31
6-12 16.20 0.37 12.90 0.31  L.60 0.00 2.75 11.60 0.37 10.15 0.31 22.13
12-18 17.20 1.30 11.70 0.35 5.90 0.00 2.15 11.30 1.30 $.55 0.35 22,50
18-2), 10.50 2.00 10.00 0.38 0.90 0.00 1.L0 9.50 2.00 B8.60C 0.38 20.58
24-30 15.20 0.69 12.90 0.27 2.00 0.00 1.h0 13.20 0.6% 11.50 0.27 25.66
30-36 15,70 1.60 15.80 G.2k  3.LO 0.00 2.75 12.30 1.60 13.05 0.24 27.1
32 25/1W-SN  10/8/61 0-6 1L.00 0.15 8.30°0.65 3.00 0.00 0.56 11.00 0.15 7.7k 0.65 19.54
é-12 13.00 0.19 7.70 0,71 3.50 0.00 1.0 9.50 0.19 6.300.71 18.04
12-18 11.70 0.2h &.80 0.9 L4.90 0.00 0.56 6.80 0.2L 6.2L 0.9 1h.22
18-25, 10.50 0.30 5.20 0.97 2.50 0.00 0.56 8.00 0.30 L.64 0.97 13.91
2L,-30 17.00 ©.15 7.70 0.6L L4.90 0.00 0.56 12.10 0.15 7.1L 0.64 20.03
30-36 18.20 ©0.10 $.20 0.71 6.10 0.00 1.hL0 13.10 0.10 7.80 0.71 21.71




So0il Location Date of Depth Extractable Cations Soluble Cations  Exchangeable Cations . Total

No. No. Analysis In. m.e./100 gus. m.e./100 gms. m.e./100 gms. Exchangeable
Ca™ Na* ug** k* Ca* Na* g™t Ga*t Nat gt K+ Cations
30 25/1W-3P 10/8/61 0-6  1L.50 0.19 7.70 0.45 0,00 0,00 0.00 1L.50 0,19 7.70 0.55 23.04
6-12 1L.00 0.25 6.80 0.68 0.60 0.10 0.00 13.L0 0.15 6.80 0.58 21.03
12-18 13.50 0.61 5.20 0.82 2.75 0.20 0.00 10.75 0.L1 5.20 0.82 17.18
18-2h 13.00 0.78 5.20 0.9h  3.50 0.40 0.66 9.50 0.38 L.SL 0.94 15.36
2L-30 12.50 0.B9 3.20 1.20 3,15 0.50 0.66 9,35 0.39 2.5 1.20 13.48
30-36 15.70 0.19 - 6.80 0,76 2.75 0.0 0.66 12.95 0.00 6.1k 0.76 19.85
37 28/IW-2L  10/13/6r 0-8 16,50 0.13 7.70 1.30 3.00 0.00 0.00 13.50 0,13 7.70 1.30 22,563
© 8-16 16,20 0.13 6.80 0.89 3.50 0.00 0.00 12.70 0.13 6.80 0.89 20.52
16-2l 15.20 0.24 6.80 0.77 3.50 0.00 0,00 11.70 0.2 6.60 0.77 19.51
2h-32 13.00 0.30 5.20 0.61 1,80 0.00 0.00 11.20 0,30 5.20 0.51 17.31
32-40 20.00 0,13 7.70 1.10 6.00 0.00 ©0.00 1L.00 0.13 7.70 1.10 22.93
Lo-L8 18.50 0.13 8.30 0.98 5.30 0,00 0.00 13.20 0.13 8.30 0.98 22.61
56 15/18-28D 10/22/61 0-6 15,25 0.30 11.70 1.10  0.30 0.00 1.40 1L.95 0.30 10.30 1.10 26.55
6-12 15.00 0.3C 10,50 1.20 1.80 0.00 1.70 13.20 0.30 B8.90 1.20 23.60
12-18 12.50 1.40 7.80 1.30 2.60 0.00 0.50 $.30 1.40 7.30 1.30 19.90
18-2h 12.30 2.60 6.00 1.30 2.90 0.00 0.00 9,40 2.60 6.00 1.30 19.30
i 24=30 11.80 6.30 5.00 1,10 1.80 0.00 0.00 10.00 6.30 5.00 1.10 22,46
; 30-36 14,50 L.30 9.60 0.90  1.00 0.00 1.LO 13.50 L.30 8.20 0.90 26.50
‘ 55 15/1W-16D 10/22/61  0-6 15.00 0.52 7.84 0.65 2.50 0.00 0.00 12.50 0.52 7.8l 0.6% 1.51
6-12 1L.50 0.50 6.67 0.58 2.80 0.00 0.0 11.70 0.50 6.57 0.58 19.55
; 12-18 1L.00 0.79 6.00 0.33 2.80 92.00 0.00 11.20 0.79 &.00 0.33 18.32
i 18-2L 13.50 1.00 5,00 0.31 3.00 0.00 0,00 10,50 1.00 5.00 0.31 16.81
| 2-30 11,70 0.52 4.17 0.17  2.50 0.00 0.00 9.20 0.52 .17 0.17 14.08
30-36 17.50 1.26 9.60 0.58  3.50 0.00 0.00 14.00 1.26 9.60 0.68 25.54
51 18/1W-33G 10/21/61 0-6 1L.,00 ©0.15 11.70 0.92 1.L0 0.00 2.00 12.50 0.15 9.70 0.92 23.37
¢ . 6-12 13,00 0.15 10.60 0.77 2.00 0,00 1.LO0 11.00 0.15 9,20 0.77 21.12
i 12-18 13.00 0,2hL 8.80 0.76 3.10 0.00 1.80 9.5 0.2L 7.00 0.76 17.90
‘ 18-2L 11.70 0.37 6.60 0.61  2.40 0.00 0.00 9,30 0.37 6.50 0.61 16.88
; 2L-30 1L.50 0.78 13.40 0,52 1.00 0,00 2.90 13.50 0.78 11.L0 0.52 26.20
‘ 30-36 15.70 0.30 1L.50 0.54 2.50 0.00 3.5 13.10 0.30 11.0L 0.5} 25.08
Sh 25/1W-7R  10/22/61  0-6 © 1L.00 0.15 6.70 1.00 1.30 0.00 0.00 12,20 0.15 6.70 1.00 20.05
6-12 13.50 0.15 7.30 0.90 2,50 0.00 0.00 11.00 0.15 7.30 0.90 19.35
12-18 12,50 0.19 7.80 0.75 2.50 0.00 1.Lh0 10.00 0.19 6.L0 0.7¢ 17.3L
18-24 11.70 0.30 8.80 0.72  1.80 *0.00 2.80 9.90 0,30 6.00 0.72 16.92
2430 11.L0 1.M0 10.60 0.68 1.20 0.90 1.80 10.20 1.40 B.80 0.48 21.08
30-36 10.50 1.60 11.70 0.60 2.20 0,00 3.56 B8.30 1.60 B.1L 0.40 18,6l
3L 18/1W-11M 10/11/61 0-8  15.20 2,00 68.30 0.55 3.00 1.26 1.L0 12,20 0.73 6.90 0.55 20.38
6-16 12.20 2.10 7.70 0.%8 3.50 0.78 1.70 B8.70 1.32 6.00 0.58 16.40
16-2h 10.50 2.30 5.20 0.62 8.20 1,10 2.15  2.30 1.25 3.05 0.42 7.22 -
2h4=32 9,20 2.60 1,50 0.55 L.90 1.26 1.70 L.30 1.3L 0.00 0.45 6.29
32-40 1L.50 1.90 9.20 0.L9 5.75 1.L0 2.15 8.75 0.50 7.05 0.49 16.79
LO-L8 13.00 1.70 12.10 0.52 7,00 1.0 2.15 6.00 0.30 9.95 0.52 16.77
33 18/1W-158 10/11/61 0-8 14,00 0.19 7.70 0.43 1.80 0,00 0,00 12,20 ©.19 7.70 0.i3 20.52
8-16 11.70 1,00 6.80 0.53 0.00 0,00 0.00 11.70 1.00 5.80 0.53 20.03
16-2L, 10,50 3.60 5.20 0.58 0.00 0.00 0,00 10.50 3.60 5.20 0.58 19.88
24-32  9.70 7.60 L.20 0.62 0.C0 1.50 0.90 9.70 6.10 .20 0.62 20.62
32-L40 12.50 L.10 11.70 Q.47 0.00 2.00 0.00 12.50 2.10 11.70 O.L7 26.77
4O-L8 11.00 1.90 9.20 0.L9 0.00 0.65 0.00 11.00 1.25 9.20 0.49 21.94

L3 1S/1W-l4L 10/16/61 0-10 17,00 2.1C 10.80 0.79 3.00 1.26 0.00 1L.00 1.84 10.80 0.79 27.43
10-20 15,70 6.50 9.20 0,82 3.50 2.85 1.40 12.20 3.95 97,80 0.82 2L.77

20-30 15.00 7.LO0 7.70 0.92 3.50 1,92 0.00 11.50 S.48 7.70 0.52 25,60

30-40 13.50 9.10 6.00 1.30 2.50 2.60 0.00 11.00 6.50 6.00 1.30 24.80

40-50 17.00 6.00 9.20 0.94 3.00 0.70 1.40 1L.00 5.30 6.80 0.9, 28.0L

50-50 21.00 4.10 12.00 1.20 3,50 1.00 1.70 17.50 3.10 10.30 1.20 32.10

35 15/1W-22R 10/11/61 0-8 12,50 0.2h 6.00 0.38 0.00 0.00 0.00 12.50 0.2) 6.00 0.38 19.12
8-16 11.70 0.78 6.80 0.97 0.00 0.00 1,80 11.70 0.78 5.00 0.97 18.45

16-24  8.%0 1.90 7.70 1,40 0.00 0.90 3.10 8.90 1.90 L.60 1.LO 16,80

2h=32 © 7.60 3.10 B.30 1.70 0.00 0.00 L.60 7.60 3.10 3.70 1.70 16.10

32-40 13.00 1.70 6.00 0.26 1,50 0.00 0.50 11,50 1.70 5.50 0.26 18.96

LO-b8 17.00 2.90 5.20 0,45 2.60 0.00 1.4O 1L4.)0 2.90 3.80 0.L5 21.55

36  15/1W-35D 10/13/61 ©0-8 15,20 0.24 7.70 1.20 1.80 0.00 0.00 13.L0 0.2 7.70 1.20 22.54
8-16 15.70 0.52 6.80 0,9 3.40 0.00 0.90 12.30 0.52 6.80 0.9 20,56

16-2l 1L.S0 0.78 5.20 0.52 L.00 0.00 0.00 10.50 0.78 5.20 0.52 17.00

24-32 13.00 1.10 4.20 0,35 3.50 0.00 0.00 9.50 1.10 4.20 0.35 15.15

32-40 13.00 1.60 3.20 0.31 3.90 0.00 0.00 9.10 1.40 3.20 0.31 1L.21

LO-k8 17.00 0,30 6.80 0.26 3.50 0,00 0.00 13.50 C.30 6.80 0.26 20.86
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So0il Location Date of Alt. Depth 8ilt & Clay pH Description of Soil
No. No. Collection Pt. In. % 1110 : :
71 3S8/1E-32¢  B/20/61 ue00  0-8 6.1 7.60 sLight brown,loose,soft,friable,structure-
8-16 7.9 7.55 \less,non-sticky,very few R.F.
16-2h 3.2 7.60 fReddish brown,sandy,very weak granular
214~32 L.3 7.50 \structure,very few R.F.
32-L0 L.k 7,60 Same as above,lime coated R.F.
L,0-138 1.2 7.60 Same as above.
72 3S/1E-28P 8/20/6L  L660  O-B 5.9 7.60
8-16 T+2 7455
16-2L 5.8 7.50 Same as 35/1E-32C
24-32 7.6 7460
32-40 5.6 7.60
1,0-L8 40 7.60
73 38/1E-27P  8/20/61  L7kOo 06 1.5 7.60
6-12 5.0 7.50
12-18 [i.6 7.65 Same as 38/1E-32C
18-24 6.2 7.55
2L-30 11.2 7.60
30-36 3.1 7.60
b 3S/1E-26L  8/20461 4880 ©-7 10.7 7.55
7-1L 7.8 7.50
14-21 5.2 7+54 Same as 38/1E-32C
21-28 5.5 7.53
28-35 L7 7455
35-h2 Lol 7.60
70 35/1E-SG 8/6/61 4600 0-6 12.2 7.50 fBrown,loose,soft,structureless,non-
. 6-12 8.8 7.6 \sticky,no R.F. .
12-18 7.6 7.37 fReddish brown,very hard,firm,strong
18-2L 7.8 7.30 \ blocky structure. .
24430 8.9 7.37 fReddish brown,hard,strong blocky structure,
30-36 10.3 7.40 \1ime mottling,few gypsum crystals.
67 25/1E-33P  B/6/61 L4780 06 10.0 7.28 (Gray-yellow,sandy,loose,structureless,non-
6-12 6.5 7.20 \sticky,few R.F.
12-18 6.0 7.26 ght yellowish gray,weak blocky structure,
18-2h 1.6 7.35 \hard,few R.F.
2L~30 1.k 7.32 fLight gray,loose,soft,structureless,lime
30-36 1.1 7.34 \coatad R.F.
68 25/1E-31Q 8/6/61 920 06 5.8 7435
6-12 7.0 T.32
12-18 7.5 7.40 Same as 25/1E-33P
18-24 8.4 7.h1
24~30 6.5 7.36
30-36 1l.h4 Tkl
69  38/1E-2P 8/6/61 14960  0-10 7.0 . 7.62 (Light brown-gray,slightly hard,slightly
10-20 6.1 7.57 \firm, weak granular atructure,few R.F.
20~30 5.8 7.60 Same as above,fewer R.F.
30-40 5.6 7.62 (Light brown,hard, firm,weak blocky structure,
LO=50 76 7.60 \lime cementing.
50~60 9.7 7.70 Same as above.
27 25/1E-32D 7/23/61 635 06 3.2 7.h2
6-12 L2 T.40
12-18 3.9 7.35 Same as 35/1E-5G
18-24 7.9 7.35
24-30 Sy 7.40
30-36 3.3 7.43
26 25/1E-29D 7/23/61  L66C  0-6 7.1 7.4k
6-12 5.3 7.45
12-18 6.1 7.48 Seame as 38/1E-5G
18-2h 4.8 7.9
24-30 he2 7.50
30-36 5.0 7.50
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S0il  Location Date of Alt. Depth Silt & Clay pH Description of Soil
No. No. Gollection Ft, In. 4 1:10
6L 28/1E-28C  8/6/61 L7700  0-6 10.3 7.53 (Heddish brown,loose,friable,structureless,
é~12 8.k 7.50 \non~sticky,few granitic R.F.
12-18 8.4 7.53 fReddish brown,slightly hard,firm,weak
18-2) 11.5 7.52 \ granular structure,
2h-30 10.0 7.55 Same as above,few lime concretions,
30-36 9.2 7.58 Bromn,loose,structureless gand.
65 28/1E-26D  B8/6/61 5000  0-8 13.1 7.60
8-16 15.6 7.62
16-2k; 19.6 7.59 Same as 28/1E-28C
21=32 20.0 7.57
32-40 21.3 7.65
L0-48 21,2 7.64
66  25/1E-36B 8/6/61 5130  0-6 15.1 7.20 /Brown,loose,soft,weak crumbly structure,
6-12 13.3 7.30 \ few plant remnants,few R.F.
12-18 29.8 7.19 rBrown,slightly hard,moderate blocky
18-24 2h3 7.10 \structure,calcarecus agg.
2L-30 22,4 7.28 ‘Same as above,contains gypsum crystals.
30-36 16.3 7.30 Same as above,
18  28/1E-19L  7/17/61 Lé6L0  0-10 20.5 7.55 fReddish brown,soft,loose,friable,structure-
10-20 10.h 7.55 \less,non-sticky, few plant remnants,few R.F.
20-30 7.5 7.60 <Reddiah brown,slightly hard,firm,weak blocky
30-40 8,0 7.60 \structure,no plant remnants,lime specks,
LO-50 9.4 7.65 Reddish brown,hard,moderate blocky structure.
50-60 12.1 7.65 Dark reddish brown,loose,weak blocky structure.
19 25/1E-17N  7/17/61 L700  0-8 N 745
8-16 9.7 7.50
16~2 8.3 7.50 Same as 2S/1E-19L
24-32 9.1 753
32-40 12.7 750
Lo-L8 18.5 7.60 -,
23 28/1E-17K  71/22/61 L8000  0-6 10.3 7.55 7Reddish brown,slightly firm,slightly hard,
6~12 10 7.55 \weak granular structure, few R.F.
12-18° 17.7 7.6C)<Reddish brown,slightly hard,firm,moderate
18-2l 14h.1 7.60 \blocky structure,few R.F.
24-=30 21.6 7.60 Same as above,lime specks.
30-36 23.L 7.60 Reddish brown,loose,structureless sand.
2L 25/1E-9Q 1/22/61 5000 0-6 13.0 7.55
: 6-12 13.5 7.55
12-18 13.5 7.50 Same as 28/1E-17K
18-2h 11.1 7.50
2)-30 13.5 7.48
30-36 8.4 7.50
L 25/1E-12D  7/30/61 5150 0-7 16.3 7+50 ¢Brick-red,loose,crumb structure, fow
7-1h 15.3 7.L6 \R.F.
14-21 18.1 7.2 fReddish brown;,hard,fim,strong blocky
21-28 8.3 7.50 \ structure,sticky,
28-35 10.1 7.46 (Reddish brown,slightly hard,moderate
35-42. 11.5 7.L45 \blocky structure,lime specks.
LS  25/2E-6K 7/30/61 5200 0-12 13.1 7.00
12-24 30.0 7.12 '
21-36 32.5 7.25 fSame as 28/1E-12D,more clayey,minute
36-L8 27.5 7.28 (gypsum crystals in bottom two layers.
L8-60 30.0 732
60-72 25.0 7435
L6  25/2E-cM 1/30/61 5250 Q-8 18.9 7.15 fReddish brown,loose,structurelass,
8-16 4.0 7.25 \alightly sticky,few plant remnants,few R.F.
16-24 13.3 T7.30 (Reddiah brown,slightly hard,firm,weak -
2h-32 . 11.0 7.38 \blocky structure,no plant remnants.
32-40 .k 7.35 ¢Same as above,lime concretions,gypsum
Lo-48 17.7 7+39 (crystala,few R.F,



Soil
No.

L7

L8

29

25

57

S8

59

62

60

61

Location
No.

18/2E-32M

15 /2E-29R

18/1E-364

1S/1E-35J

15/1E-22K

15/1E-354

15/1E-25B

18 /1E-23P

15/2E-18A

18/2E-86G

Date of
Collection

7/30/61

7/30/61

7/30/61

7/23/61

8/5/61

8/5/61

8/5/61

8/5/61

8/5/61

8/5/61

Alt.
Ft,

5160

5225

5110

5100

LoLo

5080

5055

4960

5195

5280

Depth 8ilt & Clay

In.

0-10
10-20
20-30
30-40
L0-50
50-60

0-6

6-12
12-18
18-2y
2L4-30
30-36

0-6

6-12
12-18
18-2k
24-30
30-36

0-6
6-12
12-18

18-2) -

2L-30
30-36

0-6

6-12
12-18
18-2h
24-30
30-36

0-6

6-12
12~-18
18-24
24-30
30-36

0-9

9-18
18-27
27-36
36-L5
b5-5h

0-9

9-18
18-27
27-36
36-L5
h5-5h

0-6

6-12
12-18
18-24
2L-30
30-36

0-10
10-20
20-30
30-L0
LO-50

50-60
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pH Deseription of 8oil

39 ght gray,slightly hard,weak granular struc-
l (ttro,llightly aticky,many R.F.

k6 Hard,firm,strong blocky structure,very sticky.
48 8lightly hard,firm,moderats blecky structure.
L7 Same am abova,lime specks and gypsum crystals.
L2 Same as above,less lime accumulation,

Reddish brown,seft,loose,friable,structure-
(lesa,fsw R.F.,1ime agg.,plant remnantsa,
(Reddiah brown,hard, firm,weak blocky structure,
lime concretions and gypsum crystals.

Sama as above.

Lass lime,few R.F.

* s s s e .
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Same as 15/2E-29R
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(Light yallowish-gray,looss,soft,stoney,
structureless,many volcanic R.F.

(Lighter color than above,slightly hard,firm,
weak blocky structurs,fawer R.F.

Light gray,slightly hard,firm,lime cemented
(agg.,fe' volcanic R.F.
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Sama as 1S/1E-35J°

“« s+ =

Same as 1S/1E-35J
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43 fDark brown,slightly hard,firm,weak blocky .

36 (structur-,ovarlain by calcareous playa deposit.
30 fDark brown,very hard,very firm,strong blocky
28 \structure,lime cementing.

20 Same as abovs.

30 Dark brown,fewer lime concretions than above.

s s s s e .

NN

.23 /Brown,loose,soft,structureless,

.15 \no R.F.

.13 ¢Slightly hard, filrm, moderate blocky atructur',
.24 \alightly sticky,few R.F. )

.30 ¢/Brown,weak blocky structure,lime concretions,
+35 \few R.F.

7.kbL /Light brown,looae,aoft,structurelass,line
7.42 \coated R.F.

7.48 fVery light bro'n,slightly hard,firm,weak
7.23 \blocky structure,limey agg. and lime

7.20 coated R.F.,gypsum crystals.

7.10 Same a3 above.

7.23

7.35 :
7.38 Same as 18/1E-23P
7.38

7.40

T.46
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Table IXB

Complete chemical data
collected east of the Rio

for sonils
Grande River.



Soil Location Dats of Depth Extractable Cations Soluble Cations  Exchangeable Cations Total
No. No. Analysis  In. m.e./100 gms. m.2./100 gna. m.e,/100 gns. Exchangeable
ca*™ Na* Mg** k* Ca** Na*  ug**  ca& Nat  wgtt X* Cations

73 25/1E-27P 10/31/61 ©0-6 13.00 0.19 6.70 0.33 1.80 0.13 0.00 11.20 0.06 6.70 0.33 18.29
‘ 6-12 12.50 0.19 7.80 0.31 1.80 0.13 1.40 10.70 0.06 6.40 0,31 17.L7

12-18 12.30 0.19 6.Q0 0.29 1.80. .13 1.L40 10.50 0.06 4.60 0.29 15.45

18-2L 11.80 0.19 6§.00 0.24 1.80 0.13 1.0 10.00 0.06 3.60 0.24 13.90

24~30 11.00 0.10 3.08 0.20 1.80 0.13 1.L4LO 9.20 0.06 1.58 0.20 11.14

30-36 24,.00 0,19 7.80 0.27 B.25 .17 1.40 15.75 0.02 6.L0 0.27 22.L4

69 38/1E-2P 10/28/61 0-10 15.00 0,52 6.00 0.55 3.50 0.17 0.00 11.50 0.35 6.00 0.55 18.L0
10-20 14.50 2.50 11.70 0.6 4.0% 0.78 3.56 10.45 1.72 8.1k 0.8l 20,95

20-30 13.00 L.10 12.50 0.62 2.70 1.26 L.75 10.30 2.8k 7.75 0.62 21.51

30-40 - 11,00 19.70 11.70 0,51  3.20 11.40 1.80 7.80 B.30 9.90 0.51 26.5),

LO-50 15.00 6.80 13.L40 0.71 2.50 1.40 2.15 12.50 5.LQ 11.25 0.71 29.86

S0-60 11.75 1.30 1L.60 1.10 1.80 0.35 3.75 9.95 0.55 10.85 1.10 22.835

27 28/1E-32D 10/7/61 0-6 12.50 0.19 9,60 0,35 1.80 0,13 1.L0 10,70 0.06 B8.20 0.35 19,31
6-12 11,30 0.30 8.80 0,38 1.80 0.13 1.70 .50 0.17 7.10 0.38 17.15

12-18 10.00 1.57 7.70 0.L45 1.80 0.13 1.70 8.20 1.LL 6.00 0.45 16.09

18-24 8.80 3.57 7.30 0.L5 1.80 0.20 1.70 7.00 3.37 5.50 0.L5 16.42

24=30 13.50 0.43 11.70 0.31 1.80 0.35 1.70 11.70 0.08 10.00 0.31 22.09

30-36 12.50 0,30 $,20 0.26 3.00 0.60 1,70 5$.50 0.00 7.50 0.26 17.26

6L 25/1E-28C 10/26/61 0-6 11.40 0.15 10,60 6.98 1.80 0.17 0.00 9.60 0.00 10.60 0,98 21.18
. 6-12 11.30 0.25 9.60 0.69 1.80 0.20 1.40 9.45 0.05 B8.20 0.4% 18.39

12-18 11.00 0.89 7.8L 0.43 _ 1.80 0.20 0.00 9$.20 0.69 7.8L 0.43 18,16

18-24 12.50 0.43 11.70 0.52 2.50 0.43 0.00 - 10.00 ©.00 11.70 0.52 22.22

2430 13.00 0.70 12.50 O,L8 3.00 0.86 0.00 10.00 0.00 12.50 0.48 22.98

30-36 11.75 0.79 10,60 Q.41  2.50 1.00 0.00 9.25 0.00 10.40 0.41 20.26

66  28/1E-36B - 10/27/61 0-6 36.00 15.80 17.90 L.80 13.50 5.90 2.80 22.50 9.90 15.10 L.80 52.30
6-12 35,50 22,00 8,70 1.30 12.50 10.80 2.15 23.00 11.20 6,55 1.30 L2.0%

12-18 33.00 24.00 15.80 1.28 11.25 10.80 1.70 21.75 13.20 1L.10 1.28 50.33

18-24 41.00 9.40 19.20 0.75 13.50 5.20 1.70 27.50 4.20 17.50 0.7% L9.95

24=30 'L2.50 14.30 13.L0 0.69 12.50 7.80 2.15 30.00 6.50 11.25 0.49 L8. 4Ly

30-36 37.00 18,40 16.70 0.64 11.24 10.00 2.15 25.75 B8.40 1L.55 0.6h - .34

18 2S/1E-19L 9/30/61 0-10 32.50 0..48 17.50 0.60 ©0.30 0.08 0.07 32.20 0.L0 17.L3 0.60 50.63
10-20 31.50 1.k 15.00 1.18  4.05 0.50 0.56 27.L45 ©.94 1L.Lh 1.18 Wl .0h

20-30 2L4.50 10.80 10.80 1.72 7.30 L.30 3.75 17.20 6.50 7.05 1.72 32.L7

30-40 19.50 15,20 9.30 2.10 6.00 L.35 3.56° 13,50 10.85 5.7k 2.10 32.19

LO-50 25.00 13.20 16.20 0.9 8.00 L.80 5.48 17.00 B.LO 10.72 0.96 37.08

S0-60 20.80 12.60 16.20 1.15 .70 5.60 3.75 14.10 7.00 12.45 1.15% 33.55

23  25/1B-17K 10/1/61 0-6 15.50 1.25 12.10 0.29 1.80 0.20 0.00 13.70 1.05 12,10 0,29 27.14
: 6-12 1L.20 5.45 12.10 0.31 1.80 0.78 1.40 12.L0 L.67 10.70 0.31 28.08

12-18 11.50 8.05 10.80 0.36 1.80 1.0 0.00 9.70 6.955 10.80 0.36 27,42

18-24 11.00 10.8L 7.90 0.5 3.00 2.18 1.hO0 8,00 B8.66 .50 0.45 23.61

24-30 16.00 8.05 13.20 0.29 4.90 2.60 L.40 11.10 S5.45 11.80 ¢.29 28.6L

30-36 12.50 8.70 10.80 0.33 2.50 2.18 1.L0 10,00 6.52 9.L0 0.33 26.25

L4  2S/1E-12D 10/16/61 ©0-7 20.00 0,37 12.00 0.26 5.50 0.00 1.70 14.50 ©.37 11.30 0.26 26.13
7-1k 17.00 O.Lh 11.65 0.29 L.50 0.00 1.L40 12.50 O.L) 10.25 0.29 23.48

) U-21 16.20 0.61 12.10 0.33 5.00 0.00 1.40 11.20 0.61 10.70 0.3 22.8L

- 21-28 15.20 0.89 10.80 0.35 2.30 0.00 1.L0 12.%0 0.8% 9.40 0.36 23.5)

28-35 17.00 0.36 12.90 C.L9 2.75 0.00 1.40 1L.25 ©0.36 11.50 0,hL9 26.60

35-L2 1L.50 0.69 11.70 0.18 1.50 0.00 1.40 13.00 0.69 10.30 0.18 24,17

L5 2S/2E-6K  10/16/61 0-12 47.50 0.37 12.90 0.33 13.50 0.35 2.15 34.00 0.02 10.75 0.33 L5.10
12-2h 32.50 6.35 11.20 0.31 11.25 1.92 2.80 =21.25 4.L3 8.Lo 0.31 34.39

2L-36 30.50 9.60 10.00 0.27 11.7% L.50 2.15 18.75 5.10 7.85 0.27 31.97

36-48 25.00 20,50 9.20 0.2L 11,75 3.30 2.15 13.25 17.20 7.05 C.2L 37.74

18-60 28.50 7.60 8.33 0.35 7.50 3.70 2.15 21.00 3.90 6.18 0.3% 31.L3

60-72 32.00 .10 12.00 0.30 5,75 5.20 2,15 26.25 3.90 9.85 C.30 L0.30

25  1S/1E-35J 10/3/61 06 14.20 O.47 10.83 1.31 1.B¢ 0.13 1.Lh0 12.40 0.3h 9.43 1.31 23.L8
6-12 13.70 0,72 9.16 1,18 1,80 0.17 1.40 11.90 0.55 7.756 1.18 21.39

12-18 13.20 2.56 6.25 0.79 1.80 0.35 1.40 11.40 2.21 L4.85 0.79 19.25

18-24 11.80 -9.56 6.25 0,67 1.80 1,00 1,40 9.70 8.56 L.8% 0.67 23.78

24-30 14.20 1.L3 13.30 0.51 1.80 0.76 1.40 12.40 O0.65 11,90 0.51 25.16

30-36 16.00 7.17 15.00 0.47- 1.80 1.73 1.40 1hL.20 5.Lh 13.60 0.47 33.71

62 1S/1B~23P 10/25/61 0-9 L1.00 O0.L3 10.60 1.1} 8.25 0.30 2.15 32,75 0.13 8.L5 1.14 L1.72
: 9-18 37.00 0.52 8.75 0.80 8,00 0,20 1,70 29.00 0.32 7.05 0.80 37.17

18-27 29.50 0.79 7.8, 0.87 8.75 0.35 2.15 20.75 O.hk 5.69 0.87 27.75

27-36 28.50 1,39 6.00 0.92 ~ 9.20 0.60 2.15 19,30 0.79 3.85 0.92 2L.86

36-45 38.00 1.08 $.60 0.69 -8.25 0.70 2.15 29.75 0.38 7.L5 0.69 38.27

h5-54 LO.50 2.45 11.70 0.90 9.20 0.87 2.15 31,30 1l.56 9.55 0.90 h3.31
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Tavla ITX§

Partial chemicz2l dats for soils
collected east of the Rio (rande Kiver.



So0il Location

No.

71

72

Th

70

67

68

26

65

19

2k

No.

35 /1E-32C

315 /1E-28P

38/1E-26L

33/1E-§G

2S/1E-33F

25/1E-3LR

28/1E-29D

25 /1E-26D

25/1E-17N

25/1E-9Q

Date of
Analysls

10/28/61

10/31/61

10/31/61

10/28/61

10/27/61

10/27/61

10/3 /61

10/26/61

9/30/61

10/3,/61

Depth
In.

0-8

8-16
16-2L
2h-32
32-40
LO~h8

0-8

B-16
16-2l
2L-32
32-40
LO-L8

0=7
7-1L
121
21-28
28-35
35-h2

0-6

6-12
12~18
18-2h
2L=30
30-36

0-6

6-12
12-18
18-2Y
214-30
30-36

0-6

6-12
12-18
18-2L
2430
30-36

0-6

6-12
12-18
18-2h
2)-30
30-36

0-8

8-16
16-2k
2h-32
32-40
1,0-h8

0-8

8-16
16-2L
24-32
32-40
1;0-h8

0-6

6-12
12-18
18-2hL
214=30
30-36

Extractable Cations

m.e./100 5.

cat* }éa* g;g“' K*
14.00 0.25 6.70 1.02
13.00 0.30 6.00 0.34
12.50 O.h3 4.20 L.31
12.30 1.00 8.80 0.45
14,00 0.25 7.80 0.38
10.50 0.30 5.50 0.31
1.00 1.00 7.80 0.38
131.50 0.52 6.70 0.31
13.00 1.00 5.00 0.26
14.50 0.60 7.80 0.2k
14.00 2.20 B8.80 0,22
13,00 2.60 6.70 0.20
13.50 0,19 7.80 O.Lh
15.80 0.25 - 8.80 0.6L
15.30 0.30 6,70 0.82
15.00 0.52 5.00 0.89
33.60 1.00 k.20 0.66
32.50 2.10 10.60 0.55
13.00 31.60 23.L40 1.20
30.00 33.00 22,10 1.30
20.90 3400 16.70 1.LO
30.50 27.00 25.00 1.40
39,50 35.00 23.40 1.30
11,.80 21.70 15.60 0.60
17.00 0.52 13.40 0.69
16.50 3.60 10.60 C.lbL
16.25 5.00 9.60 0.1
14.00 10.40 8.80 0.3L
18,50 6.00 12.50 0.62
22.50 2.20 10.60 0,69
14.50 3.30 12.50 0.h8
13.00 3.80 9.60 0.55
14.00 2.10 10.60 0,50
13.00 1.56 9.60 0.47
13.00 3.56 12.50 0.43
13.50 lL.3k 11.70 0.50
13,70 0.L47 10.80 0.76
13.20 0.55 10,80 0.83
12.20 0.55 9.20 0.79
11.00 0.63 7.90 0.89
1L.70 0.L7 L.50 0.95
10.50 0.L7 10.80 0.69
11.35 2.45 13.40 0.62
14.00 5.00 15.80 0,58
12.50 6,37 13.40 0.5L
11.35 hLe70 12.50 0.52
12.50 h.3L 15.80 0,62
11.70 '5.00 1h.60 0.69
17.00 0.34 12.10 0.36
15.50 0.56 11.80 0.u5
15,00 0.91 9.30 0.5
13.70 1.3 7.90 0.L9
18.00 0.83 15.00 0.2
25,70 0.65 10.80 0.26
12.50 1.00 20.80 0.33
11.00 8.05 17.50 0.35
10.00 B.55 15.80 O.LL

$.00 20.90 13.20 0.56
12.50 9.60 19.60 O.41
10.50 1L.80 24.20 0.51

Total
Extractable
Cations

21.97
19.60
17.40
22.60
22.40
16.10

23.20
21.00
19.30
23.10
25.22
22.50

21.90
25.50
23.10
21.L0
39.40
LS.80

99.20
86.L0
73.00
83.90
99.20
52,70

31.60
31.10
31.30
33.50
37.60
36.00

30.80
27.00
27.20
2.00
29.50
30,00

25.70
25.50
22.70
20,40
20.60
22.50

27.90
35.60
32.80
29.10
33.20
32.00

29.80
28.30
25.70
23.50
3L.10
37.40

3h4.60
37.00
34.80
13.70
142.10
50,00



Soil
No.

L6

L7

L8

L9

57

58

59

60

61

Location
No.

25/2E-5)

15/2E-32M

18/2E~-29R

1S/1E-34Q

1S/1E~-22K

1S/1E~354

1S/1E-258

1S/2E-18A

1S /2E-8G

Date of
Analysis

10/16/61

10/16 /61

10/21/61

10/21/61

10/21,/61

10/24 /61

10/2)/61

10/25/61

10/25/61

Depth
In.

0-8

8-16
16-2)
2y-32
32-40
40-48

0-10
10-20
20-30
30-L0
Lo-50
50~-60

0-6

6-12
12-18
18-2h
2k-30
30-36

0-6

6-12
12-18
18-24
24-30
30-36

0-6

6-12
12-18
18-24
2l-30
30-36

0-6

6-12
12-18
18-2)
2h-30
30-36

0-9

9-18
18-27
27-36
36-45
L5-5Y

0-6

6-12
12-18
18-24
2l-30
30-36

0-10
10-20
20-30
30-L40
,0-50
50-60

Extractable Cations
m.e./100 gms.
ugft K*

Caﬁ-ﬁ

Na*

31.50 1.08
22,00 8.70
16.50 12,80
15.00 15.85
17.00 11.80
18.20 12.80

14.50
12.50
11.70
11.00
12.50
11.70

13.50
12.20
9.20
8.50
8.00
16.20

16.20
15.00
1;.00
13.00
14.00
17.00

13.00
13.50
13.00
12.5D

1
1
1

0.2k
0.70
2.86
L.08
1.87
1.08

1.00
8.50
0.40
3.70
2.20

10.40

1Lh.50 |

12.20

13.00
11.75
11.35
11.00
12.25
11.35

32.00
28.50
25.50
29.50
33.00
50.00

18.25
16.50
32.50
50.00
L49.00
50.00

15.75
15.00
14.50
14.00
15.25
13.00

=

0.15
0.15
0.15
0.15

OSDO
g I
o i

. .

CNo
. .

.
NO L OhE e o
MO ooEOo

QOO wviwn
. P .
= =
A *AVAN

11.70
9-20
8.33
8.33

10.80

11.70

13.70
12.90
11.70
10.00
12,00
13.70

18.00
k.60
13.L0
11.70
23.40
20.80

16.70
15.80
13.40
11.70
18.00
16,70

15.80
20.80
14.60
L.17
12.50
9.60

OOV
- . s .

-
£3388%

T
@ O~ O~

A x_:-.ﬂow.u\no\ -~
[<- TN SN - R
= 000088

=

o =3

)

o~

[a]
'0.00000

15.80
11.70
9.60
8.75

13.40
11.70
10.60
8.75
11.70
9.60

0.30
0.33
0.34
0.37
0.27
0.2}

0.59
0.L5
0.3L
0.33
0.48
0.53

1.13
1.L8
1.56
1.69
1.61
1.28

0.58
0.55
0.L9
0.38
0.35
0.33

0.58
0.51
0.50
0.50
0.60
0.51

1.10

©ooooo
*
SEZETR

.
NP PN P
O cer e

jeNeNe]
.
~ oo
o3 O

0.59
0.82
0.87

Total
Extractable
Cations

LL.60
L0.20
38.00
39.60
39.90
L2.90

29.00
26.60
26.60
25.40
26,90
27.00

33.90
36.80
3hL.60
35.60
45.20
L8.70

33.60
31.50
28.00
25.20
32.50
34.20

29.50
35.00
28,30
17.50
27090
22.50

22.10
22.90
26.50
' 31.70
28.L0
25.50

38.90
3L4.10
28.20
36.80
L1.40
54.90

23.70
28.20
56.30
62.50
59.20
59.60

30.50
28.10
27.00
2L.90
28.80
25.20

1I
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Plate XII

Distribution of exchanpeable cations, clay plus
s5i1lt, and cation exchange capacity of model soils.

lote: . is nob to scale.
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Plate XIII
Hlectrical conductivity of model soils.

Ster J iz not to scale.
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S n o e
#late X

Jistrivbution of carvonate aml calelua
carbonats equivalent in uodel soils.

#ober 7 1s not to scale.
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Sistribution of extractable cations and clay plus silt

fraction

in soils collected east and west of the Rio Grande EKiver.
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APPRNDIX I

511t Versus That of the Tatal Soil.

Cation Exchange of Clay Plus
me cation exchange aaterial of soils is composed walnly of

the finer size [ractlons which provide a great surface area of

[

gdsorptioa. ‘he following experimenl was

nerforaed o damonstralte
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The results show the ratio of A:B is 1:2.9 for fat 1:3.4
for Catt 1:3.1 for ¥gft and 1:3.1 for xt The ratio of clay plus
silt content is 1:3.3. The results also show that the most impor=
rant reactive ‘raction in cation exchange is ths clay plus silt
rather than the larger soil particles. Tqus, it is satisfactory

to study the behavior and chemical reactions of tha finar fractlons

w

n® the s0il rather than the whols s0ll in order o unierstand tha

ayeranszeasle cation distribution.
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APPENDIX IT
Amamoniwa Acetate Test

This experiment was done to show that 1 ¥ ammonium acetate
solution can extract all the available extraciable cations from
ths soll. Twenty grams of clay plus sillt from soil iééality 25/ L=
94 were soaked twenty-lour nours in 200.0 ml. 1.5 & asmonium ace-

Other samples of the same welghts were goaked in

o
iy
[
@
%5}
<
—
=
ot
o
Q
pai
M

1.0, 0.5, 0.6, 0.4, and 0,2 & aaaonius zcetate solubtions for the

sams length ol tiue. The filtrates were analyzed Tor calctium, sodiuu,

Y

mesiua, and potassiua. [he following ara th rezulls:

Al

+ T o T
ua b

axtract of Y3 Mg ¥
amoniun acetate npne  POEe Fols P js]exr

X1
e
is

5 3.5 280.0  130.0  15.5
L0 '
3

1 3

1 5.5 240,0 125.0 15.0
0.3 6.5 235.0  120.0 145
0.6 8 5.7 227.0 1150 143
0 5.0
3 b6

S 200.0  110.0 13.5

0.2 N

e above results show that 1,0 § ammonium acetate solutlon is

satisfactory for this research.
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Lippendix II
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