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INTRODUCTION

In many parts of the world soils have been found that have apparently
been formed under climatic ponditions that no longer exist, In many
places in northern Utah in arees assoclated with anclent Lake Bonneville,
deep soils, fine-textured and non-calecareous, have been observed im-
mediately above the highest shore line of the amcient 'lako. These soils
have essentially no free caibonatgs to depths ranging from 4 to 15 feet,
even though they exist on‘relativehly steep slopes, In Davis and Utah
Counties, soils having these characteristica-have been given the tente-
tive series name, Manila,

Soils studied for this thesis include one series tentatively referred

to as Manila and which is located above the highest level of the ancient

RN )

lake Bonneville qnd one series, Avon, which is located on lake sediments
below the highest level of the lake, The third profile studled, the
Paradise soll, occurs approximately at or Just below the o0ld lake level.
A otudy of these soils should aid 4n ﬁnderstanding their genesis,
The findings should fecilitate the correct and useful classification of
such soils in present and future soil uﬁreya.
Nature of the problem
The Manila solls are deep, fine-textured, and well-developed, They
are free of lime to a considerable depth, These 501“19 occur in upland
setiings, above the highest level of ancient Lake Bonneville., It has
been guggested that these soils are paleosols, or soils that have charace-

teristics that reflect an environment which no longer exlsts, A detalled
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study, therefore, is necessary for their correct classification and for
e better underst@nding of their genesis,

The Awon eogl series and other soil series, which developed on the
lékgrdeposits below the lake level, are believed to reveal the influences
of the present climate (semi-arid) in their characteristics, They are

leached, 1f any, to shallower depth, are more likely basic in reaction,

and some mey even show salt accumulation,
Objectives

This investigation Qill ettempt the following:

1, How do the soil characteristics of the Manila and Paradise soil
series differ from those of normal soils (Avon soils)?

2, Could Menila and Paradise soils be produced under present
conditionst If nPt, vhet conditions likely prevalled during their
formationf |

3. Characterize the Menila, Paradise, and Avon soils with reference

to chemical and minermlogical composition,



SOIL FORMATION

Soils are the product of two groups of processes, (1) weathering,
and (2) profile development, As a result of weathering, unconsolidated
parent meterial is produced, From this parent material, through the
action of soil-forming factors, soils develop.

Yegthering

Weathering is the disintegration and decomposition of rocks and
minerals, Forces of wenthering can be grouped into two types, (1) mechan-
ieal, and (?) chemical, In soils where weathering 1s quite active, both
of these groups of forces are astive simultaneously,

Mechanical weatherinz forces include the pressures exerted by freezing
wvater, increaaeditamperature, and the action of plant roots, Relatively,
mechanical we&thgring le slower than chemicel weathering and normally
produses coasrser soils,

Chemicel weathering forces are the dominent weathering forces in
most regions of sub-humid and humid climates, Oxidetion, carbonation,
and the various actions of water are the prominent chemical forces., Water
13 especially active, As the mineral is exposed to moisture, hydrolysis
and hydration result in solution of the mineral surface and in a lovering
of the minersl's resistance to weatheringz., The solvent ection of the
vater by dissolved carbon dioxide further hastems minerszl decomposition,
The action of dissolved carbon dioxide, called carbonation, is a dise
solving of minerals partly by forming soluble bicarbonates of the calclum

and magnesium from slightly soluble simple salts and from thelr insoludble
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mineral forms, The amount and typé:6f vegetation influences chemical
weathering, The release of carbon dioxide and organic acids by both the
plant roots and the decomposing plant residues commonly speeds the process
of weathering by incressing carbonation,

| A chenge in climate, either temperature or molsture, changes the

vegetation and will result in different effectivenéss of various weatherw
ing forces., A given soil profile formed under the influence of a pree
existing climate may or may not exhibit profile properties to indicate
such a2 happening,
Profile development

During soil profile development, translocation of many different
constituents may occur in the soil, Clay, organic collold, silica,
alumine, irgn oxide, gypsum, lime, and other minerals may move downward
and accumulate in lower depths, Soluble salts may either move down
through the soll or, under other conditions, may move up to the surface
and accumulate. Organic matter may accumulate in the surface soil and
the colloidal fraction, gradually formed, may move to a lover layer,
Other soil properties will also change such a structure, color, and pH,
As a result of these changes, distinctive soll layers (horizons) are formed,

The quality and degree of such changes, and the depth te which
these changes ocour are a result of the environment, i.,e,, climate,
bilological activities, reliéf. tine, and parent material,
Factors of soil formation
Climate. Climate is a dominant soil-forming factor, particularly in

very old solls, In fact, the effects of other soil-forming factors

depend largely on the molsture and temperature (climate),
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Rainfall varies in different parts of the world, It ranges anmually
from a very few inches in some locations to several hundred inches in other
areas, Accordingly, soll properties are greatly modified by the amount
of rainfall the soil receives., Soils can be highly leached under high
reinfall, if large quantities of rain water move through the soil, In
hamid, cool climates, supporting good vegetation, organic matt;r increases
in the soll. The excessive leaching and acid vegetation that is common in
these areas result in an acid eoll, On the other hand, soils of the arid
reglons are slightly leached, if at all, They tend to be low in organic
matter, high in pH, high in lime, and sometimes high in soludble ealts,

Temperature alse varies from place to place., Van't Hoff, cited by
Jenny (16), stated that for every ten degrees centigrade rise in temper-
ature, the valocity of a chemical reaction increases by a factor of 2 to
3. This fact explains why the intensity of weathering is graeat in the
tropical elimates and gradually decreases as the temperature decreases,

Soil eolor, soil orgenic matter content, clay content, and other
soil properties are greatly influenced by the temperature, The nitrogen
and organic matter coatent of the soil decrease as the annual temperature
increases, It has also been found that the clay content in soil increases
with increase in temperature (16),

Climate is so dominant a factor in soil formation that soils have
been cléssified accordinz to climate into zonal great soil groups, Some
solls of a glven climatic reglon are found to have definite charscteristics
regardlese of geographical, geological, and topographical differences,

For example, podzols which develop in humid, cool climates, occur on

noraines, alluvial sands, granites, gnelsses, diorites, loess, peaty
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deposits, and even on limestones, They are also formed on flat topugrapw
as well as on slopes, under forest as well as under grassland vegetation -,\\
(16). |
Biologioal activities, Biologlcal activity s aleo considered as an
important soil-forming factor, Plante and animals add organic reaidues
to the soll., Desp-rooted plants facllitate leaching in the soil, Earth-
worms help in mixing the soil in which theyllin. Rodents and other
burroving enimals aild in mixing various horizons of soii together,

Mieroorganiems play e big role in decomposing the plante =nd animel
residues, Some organic aclds are produced in this process which further
ald in decomposing minerals ia the solls, ?ome bacteria fix nitrogen of
the air, Other bacteria attack minerals and other inorganic compounds in
the soll to get the enerzy they need., Nitrogen compounds, sulfur, inorgan-
ic sulfur compeu.t;ds, iron compounds, and other compounds may be attacked
by different kinde of bacteria (32),

Man, in many different ways, has affected the soils through his use
of irrigation, plowing, forest cutting, fertilization, and many other
activities (16).

Relief, Relief influences soll formation through ite controlling
effect upon water percolation, water run-off, temperature, and erosion,
Soil profiles are rarely mature or strongly developed on steep slopes,
extept in areas of high rainfall and dense vegetation, because of erosion
(reﬁoval of weathered portions of the s0il) and reduced percolation of
water through the soll (5),

Parent material, Perent material shows great influences on soil
properties, especially in the early stages of formation, Scils formed
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from shale, naturally, will contain large amounts of clay, Others formed
from'sandstone will commonly contain large amounts of sand, Basic rocks
may be developed into a type of soil different from that which is formed
from acid rock even though the climate and relief may be the same (16),

Scherf, cited by Jenny (16), observed in northern Europe that brown
forest solls formed on heavy ground moraines, while strongly podzolized
p0il formed on adjacent sand,
iggg. Time is a very important factor in soil formation, As time
proceeds a soll continues to develop until it reaches a dynamic equilibrium
with the enviromment, The time required to reach this equilidrium depends
larzely on other soil-forming factors. Soll develops in less time in a
humid tropical climate than in cool desert climates, Soil normelly
requiree a longer time to develop well-defined horizons from a clayey-
textured parent material than from a sandy-textured one. Soils of high
end steep mountains are normally young because of rapid erosion of
weathered top soil, On flood plains, the soil is slightly developed
because of continuous accumulation of new material, 1In general, the
older the soil, other factors constant, the more it shows well.defined

horizons,



USE OF PROFILE CHARACTERISTICS TO DETERMINE PAST ENVIRONMENT

0ld soils that have been formed in an environment which may or may
not differ from the present, were given many names, Paleosola, ancient
soils, buried soils, and fossil soils are some of the terms used for
these older aolls, Some of these terms are synonyms; others ere different,

The first time that fossil soile were recognized was in the Elghtesnth
Century in various parts of Russia, Since then, in Worth America, early
fossil solls have been obeerved by geologists who were interested ina
establishing stratigraphic datum, physiaographic history of the area, or
an interpretation of past climatic regime, Only recently have soll
socientists of North America become interested in studying these soils (30),
’ In southern Iowa, Simonson (26) described many buried soll profiles.
In one area he found a light-colored band underlying loess deposite, He
interpreted 1t as an Ay horizon of s buried soil profile, .In some other
regions he was able to find the complete buried soil profile, After
analysis, he found that it belonge-.;l to the planosol soil group and had
many similarities to the planosols now existing on the land, So he cone-
cluded that soil processes which prevailed at the time of formation of
these buried soils were the 'same as those processes of the present time,

Bryan and Albritton (4) studied a complex soil in Davis Mountain,
Texas, to unlock a sequence of climatic changes in that area, In one
locality they found three stages of caliche depositions, formed under
relatively arid conditions, intervening with two periods of a humid

climate, during which part of the caliche dissolved,
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Joffe (17) studied, morphologically and chemically, soil profile of
the Colts Neck soil series that had formed on coastal plain materials,
He found that this soil series bacause of their lateritic characteristics,
is most likely formed under sub-tropic conditions, Other eoil series
of that region are either podzols or podzolic, He also found other
evidence of laterization after analysis of a Montalto soil which has
been derived from Triassic basalts, From the facts that Fep03, Alj03
and clay percentages increased in the B horizon and an increase of silica
percentage occurred in the A horizon, he concluded that this soil 1s

podzolic, It formed under a humid temperste climate. But becsuse the

'C horizon is rich in aluminum, iron, and magnesium and low in silica, he

concluded that "at one time this horigon was undergoing lateritic weather-
ing and was subjected to the lateritic type of soil formation.® This
means thet at the time of formation, a sub~tropical climate existed,

Also, & comparison of the high aluminum content of the C horizon to the
amount in the weathered baesalt indicates that the climate was subwtropiesl,
The weathered basalt has less silica then the fresh basalt which also

indicates lateritic conditions,
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A BRIEF GEOLOGICAL HISTORY OF CACHE VALLEY
Location and description

Cache Valley lies between the northern part of the Wasatch lountains,
the Malad Range, and the Bear River Range, It is elongated (60 miles
long), running north and south, and the widest part, which is near the
Utah-Ideho boundary, is 17 miles (33).

The valley is described as a graben (depression bounded on at least
twvo sides by faults), bounded by Tertiary faults, Willlems (33) indicated
that the major faulting in this erea took place previous to the deposition
of the Salt Lake Group (a2 limestone, sandstone, and tuff conglomerate),
Glaciation

Evidence of gleiatocme glaciation (the most recent glacial period)
has been found in many localities in the Wellsville Mountains and the
Bear River Range. One or more of the glaclal features has been found,
These features are cirques (steep-walled depressions in the mountain gide),
U-shaped valleys, lakes, moraines, and tills,

Church (6), in his exmmination of glacial features on Wellsville
Mountain, estimated that there were at least 12 glaciers during the
Pleistocene time,

In the Bear River Range, Young (37) found the glaciation to be of
two epochs separeted by an interglaclel period, On the western side of
the front ridge of the Bear River Range, three small cirques are found,
Also, 15 glaclers existed in the western tributaries of the Logan Canyon,
The glaciers on the east slope of the front ridge de;cended to a 6,100

foot elevation and the glacliers on the west slope reached 7,000 feet,
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0ilbert (7) stated that the climete (cool and a high precipitation)
which favored the formation of glaciers also favored the existence of
ancient Leke Bomneville,
lake Bonneville

lake Bonneville was a vast Plelstocene lake, It occcupled an area
of 20,000 square milea, including what is now Cache Valley, and had a
depth of 1,000 feet above the present level of the Great Salt Lske,

From the well-developed shore features at the higheat level of the
lake, Willlame (33) suggested that the lake level wae maintained by outflow,

The overflow of the substages of Lake Bonneville was through the
Red Rock Pass at the northern end of the lake., The substages have left
distinctive equivalent terraces, These terraces are very apparent east
of Logan City vhere the Logan River discharged into the lake (figure 1),

Four cycles of Lake Bonneville have been recognized, These are

gummarized in table 1.

Teble 1, Summarization of the cycles of lake Bonnevilles

— - : e ——
Cycles ~ Substage Relative levsl BElevation
" First Alpine Intermediate ~ high ———.
Recession (4,600 or less)
Frunge
Second Bonneville . Highest 5,135
Recession 4,290 or less)
Third Provo 1 Intermediate - low 4,800
Recession (4,700 or less) ({5;3
Fourth Prove II  ILow . —— %%

- ®After Hardy (10)



Figure 1,

Terraces which show the substages of Lake Bomneville, located east of Logan Uity where
the Logan River discharged into the lake,

41
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EXPFRIMENTAL METEODS AND PROCEDURES

Field methods

Bonneville shore line, An attempt was made to draw the shore line of
ancient Lake Bonneville, In some areas it was rather easily located dy
the sea cliffs which the waves had made. In other areas these marks
were either eroded awsy or buried, HBecause of this the shore line was
partially drawn, (See figure 2,) |
General informstion of soils below old shore line, Wilson, et al. (35)
l;sava described the Avon soil series as well~drained, moderately fine-textured
zonal Chernozem scils developed from lacustrine sediments, The contributing
rocks are principally limestone, sandstone, and shale with some quartzite,
The soils occur mainly on lake terraces of old Lake Bonneville in Cache
Valley,

The slope of the Avon soils ranges from 2 to 10 per cent, The soil
ie mostly cultiveted, Native vegetation was probably bunch grasses with
lesser amounts of scattered sagebrush,
Detailed description of Avon soils. Profile number one (Avon loam)
was sampled and described by Wilson, et al. (35) as follows:

Borizon Depth (inches) Deseription

Ay 0-7 Black (10YR 2/1) moist, loam, dark gray
(10YR 4/1) dry; moderate fine platy
structure that bresks easily to moderate
fine granular, slightly hard dry, friable,
non~calcareous; mildly alkaline,

By 7-28 Very dark gray to black (10YR 2.5/1) moist,
: clay loam, gray to dark gray (10YR 4,5/1)
dry; weak medium prismatic, dreaking to
moderate medium sab-angular blocky
structure; hard dry, firm moist; non-
calcareous; mildly alkaline,
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Figure 2, Aerial photograph of southern Cache Valley with the location of the highest level of
ancient Lake Bonneville (red line) and of the sampling sites used (numbered dots),
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Horizon Depth (inches) Description

B, 28-35 Very dark grayish brown (10YR 3/2)
moist, eclay loam, gray (10YR 5/1)
dry; weak medium prismatic structure
breaking to moderate medium sub-angular
blocky with moderate continuous clay skins,
Very hard dry, firm moist; non-calcareous;
mildly alkaline,

B3 ca 35-38 Grayish brown (10YR 5/2) moist, clay loam,
pale brown (10YR 6/3) dry; massive to
weak medium sub-angular blocky structure;
hard dry; firm moist; moderately to strongly
calcareous with wvhite lime mottlings;
moderately alkaline,

38-44 Light brownish gray (10YR 6/2) moist
loam, white (10YR 8/2) dry; massive
hard dry; firm moist; strongly calcar-
eous with lime zegregated; moderately
alkaline,

ca

¢ bl72 Dark grayish brown (10YR 4/2) moist, sandy
loam, light brownish gray (10YR 6/2) dry;
massive; hard dry; firm moist; strongly
calcareous; moderately slkaline, ‘

General information on soils above old shore line, The Manila soils

are well-drained, deep, fine-textured soils, They are free of lime to
a considerable depth, and occur mainly on steep slopes, The principal
native vegetation consists of Broms tectorum (chest grass) and Artimisia

tridentata (sagebrush),

‘Detailed description of Manila soils, The Manila soil was sampled and

described above the shore line (see figure 2), Profile numéer two is a
typical Manila soil (see figure 3), Profile number two (Maqila clay loam)
is located about three miles southwest of Hyrum City (see figu?e 2) ona
slope of 32 per cent, on an eastern exposure, Its detailed description

is as follows:
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Horizon Depth (inches) Description

A 0=k Very dark gray (10YR 3/1) moist, clay

1 losm, gray (10TR 5/1) dry; weak fine
platy structure; soft dry, very friable
moist; unstable; non-calcareous; neutral,

Ao 411 Very dark gray (10YR 3/1) moist, clay
loam; gray (10YR 5/1) dry; moderate,
angular blocky; slightly plastic wet;
non-calcareous; slightly acid,

Boy 12-22 Derk brown (10YR 3/3) moist, clay,

: brown (10YR 5/3) dry; strongly coarse,
prismatic structure with clay skins;
very hard dry, very firm moist, sticky
end plastic wet; stable; non-calcareous;

3 medium acid,

Byo 2233 Dark brown (10YR 3/3) moist, clay brown
(10YR 5/3) dry: strongly coerse, prismatic
structure with moderate clay skins; very
hard dry, very firm moist, sticky and

4 plastic wet; stable; non-calcareous;

| medium acid,

By 36-45 Dark brown (10YR 4/3) moist, clay loam,
dark dbrown (10YR 4/3) dry; lizht yellow-
ish brown and very dark grayish brown
(10YR 6/4, 3/2) common, fine, faint
mottlings; coarse prismatic structure
with occasional thin clay skins, very

o : hard dry, very firm moist, slightly
R » sticky, slightly plastic wet; steble;
non-calcareous; medium acid,

Boy L5585 Dark brown (10YR 4/3) moist, clay loam,
brown (10YR 5/3) dry; very pale brown: .|
(10TR 7/3) meny medium, distinct mottlings;
weak prismatic with tkin clay skins; hard
dry, firm moist, slightly sticky, slightly
plastic wet; stable; non-calecareous;
slightly acid,

| cﬁgﬁﬁl 60-100 Light brown gray (2,5Y 6/2) moist, white
I 2,5Y 8/2) dry; s dy. loam; massive struc-

iig g

ture coated with,clay skinsiLeﬁékpfa.sﬁajﬁh%w.

Detailed description of Paradise soils, Profile number three was given

the tentative name of Paradise, This sample site is approximately at the
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highest lake level, probably Jjust below the level, The profile has the

calcareous subsiratum similer to that of the Avon, and a solum that is

quite similar to, although shallower than, that of the Manila., Profile

number three (Parzdise silty clay) is located about 4 miles southwest of

Ryrum Clty (see figure 2), on a slope of 7 per ceﬁt. on a northern exposure,

I1ts detailed description (see figure 4) is as follows:

Horigon

A1

Depth (inches)

0-1%

15-5%

19-27

27-28%

Description

Very derk gray brown (10YR 3/2) moist,
silty clay, very dark grey brown (10YR
3/2) dry; moderate very fine gramular
structure, soft dry, firm moist, sticky,
slightly plastic wet; non-calcareous;
neutral,

Very dark brown (10YR 2/2) moist silty
clay, dark gray brown (10YR 4/2) dry;
moderste comrse blocky stucture break-
ing to moderate fine sub-angular blocky.
stucture; hard dry, firm moist, stlcky
and plastic wet; stable; nonecalcareous;
neutral,

Dark brown (10YR 4/3) moist, clay, brown
(10YR 5/3) dry; black (10YR 2/1) common
coarse distinct mottlings; strong comrse
prismatic structure breaking to moderate
medium angular blocky structure with clay
skinsg; very hard dry, firm moist, sticky
end plastic wet; stable; non-cslcareous;
slightly =acid,

Brown (7.5YR 5/3) moist, clay, brown

(7.5YR 5/3) ary; very dark gray (10YR 3/1)
common cogrse distinet mottlinge; strongly
coerse prismatic structure breaking to
moderate medium angular blocky structure
with clay skins; very hard dry, firm moist;
sticky and plastic wet; unatable; non-
calcareous; neutral,

Light olive gray (5Y 6/2) moist, clay,
light gray (5Y 7/1) dry; black (10TR 2/1)
fow medium size distinct mottlings; wesk
medium prismatic structure breaking to
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Figure 4, Profile number three (Paradise)., Divisions on stick repre-
sent one foot each,
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Horizon Dopth (inches) Description
moderate fine sub-angular blocky structure;

hard dry, firm moist, sticky and plastie
wet; stable; alightly calcareous; neutral,

-'{,-:!.,
Ty 283-37 Light gray (2.5Y 7/2) moist, silty clay;
- white (2,5Y 8/2) dry, massive strusture
end coated with clay skins; mildly alka-
A line; highly celoareous,
(A%
B, 60-72 White (10YR 8/2) moist, white(7.5YR 8/1)
dry, clay loam; massive structure; mildly
alkaline; highly calcareous,

laboratory methods

Chemical, physical, and mineralogical studies of the three soil
profiles were mads, Some of the chemlcal analyses for profile number one
(Avon) were made by the Soll Testing Laboratory, A brief description of
the method or methods used for these tests follow,
Tote) soluble salts. Total soluble salts were determined by two
methods, both proposed by the United States Salinity Laboratory ataff (31),
One nethpd consiste of measuring the electrical resistance of the soil
paste by use of a Wheatstone dridge. The second method involves messur-
ing tho conductivity of the saturation extract with a pipetie conductivity
cell, Both methods used the Model RC-1B conductivity (Wheatstone) bridge
ranufactured by Industrial Instruments, Incorporated,
Soil reaction. Soil reaction was determined by the Beckman Model H-2
PH moter on the saturated soll paste and on & 1315 soil;water suspensiom,
Alkaline~earth carbonates. The percentages of alkaline-earth carbon-
ates were determined by }he gravimetric loss of carbon dioxide by the
method given by the United States Salinity laboratory staff (31), 4

weighed soil sample is added to an Erlenmeyer flask containing a suitable
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amount of HC1l, The welght of the flask plus acid was previously determined,
The CO2 lost a2t the end of & two-hour period is obtained by the difference
in the total 1n1tial and total final weights of s?il plus flask pnlus acid,

The CaC0q eqﬁivalent in per cent is equal to (?t. of COp lost) x
(227 .4) [(wt. of soil sample used),
Organic matter, A modification of Schollenberger'!s method (31) was
used for organic carbon determination, This method is based on the oxida- V
tion of organic carbon by potassium dichromate in sulfuric acid, Excess
ferrous ammonium sulfate was added to reduce the dichromate not used in
the oxidation, Finally, the excess ferrous smmonium sulfate was oxidized
by titration with potmesium permanganate,
The organic carbon was calculated on tﬁa following assumptlions:
Milliequivalent weight of carbon is 0,003,
Organic carbon in organic matter is 58 per cent,
Organic carbon recovered is 89 per cent,
The per cent of organic carbon is equal to (0,003) (normality of
KMnOy) (ml XMnOy used) (100)/(0,89) (weight of soil sample used),
Total nitrogen, For determination of total nitrogen, thé modified
Kjeldshl method of Perrin (23) wes used, The soil sample was placed in
e 800 ml, XJjeldahl digestlon flask, Sodium ’sulfate and the digestion
mixture of selenium oxychloride and sulfuric acid were added. The organic
nitrogen of the soil is changed to ammonium sulfate, After digestion,
dilution, and cooling, sodium hydroxide and & few grams of zinc were added
and the ammonium evolved on distillation was received in saturated boric
acid solution, Then the solution was titrated with standard HyS50y,

Cation exchanse capacity. The procedure followed was that given by
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the United States Salinity Laboratory staff (31), In this method, soil
samples vere extracted with N sodium acetate and washed with ethanol,
The adsorbed sodium is then replaced with ammonium by extracting the soil
with F ammonium acetate, Sodium was determined in this study by the
Perkins-FElmer Model No, 52C flame photometer using lithium nitrate as the
internal standard, A standard curve was prepared using sodium chloride
golutions, |
Iron determipation, The method of Aguilera and Jackson (2) for the
removal of free iron oxide was incorporated into the methed of particle
fractionation, In thelr procedure the free iron oxide coetings are
reduced by sodium dithionite (Na,5,0,) in a sodium citrate buffer solution
to the ferrous iron form, The solution is removed from the tube and
bydrogen peroxide is added to destroy the citrate and dithionite ions and
to oxidize the iron to the ferric state, The concentration of iron is
then determined colorimetrically in hydrcchleric acid solution using
potassium thiocyanide,
Fractionation of the soil, The method used was the one adopted by
Dr, J., A, Kittrick, soll mineralogist at the State College of Washington
and given by Miller (20), The sodium carbonate dispersion technique 1is
essentially that of Jackeon g% al, (15). The settling timee were calcu-
lated from the equation given by Tanner and Jackson (28), Free iron oxide
removal was made by the procedure of Azuilera and Jackson (2), The
generalized procedure follows:

Carbonates and soluble salts were removed from the soil by addition
of hydrochloric acid and subsequent centrifuge washings, Organic matter

vas removed by oxidation with 30 per cent hydrogen peroxide in acid medium,
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The free iron oxlide ooatings were reduced by sodium dithionite to the
ferrous state and removed by centrifuge washing,

After removal of free iron oxide and organic matter, dispersion of
the soil was accomplished by heating with sodium cardonate,

Particle size separation was performed by the centrifuge method,
using 250 ml. bottles and sedimentation times calculated from the equation
by Tanner and Jackson (28),

Preparation of separates for X-ray studies. The 0-0-2.« and 0,2-2 ,u..
clays and the 5-20.«. 8ilt fraction of selected horizons were prepared ‘for
X~-rey determinations, Ths method follows:

The separated fractions we're not allowed to dry, Fifty.milligzram
portions of each clay sample were washed three times with N oalcium acetate
to effect msaturation with caloium, Potassium saturation was done similarly
using ¥ potassium acetate, The fractions were given two emall washings
with distilled water to remove excess salts, To control the expansion of
" the eclays, 1 drop of glycerol was added to each 50 mg, sample of caleium-
saturated clay, The silt fraction was left sodium-saturated, Rach 50 mg.
sample wae concentrated to a 3 to &4 ml, volume,

Slides were prepered by dropping ebout 10 %o 15 drops of the suspen-
sion on a glass slide suitable for the X-ray holder, X-ray diffraction
traces of all samples were obtained under the direction of Dr, J, A,
EKitirick at the State College of Washington, A North American Philipe
. X-ray diffractometer equipped with a wide engle gonlometer, a copper
target X-ray tube, and 2 manganese filter was used,

Mechanicel analysis, The hydrometer method of mechanical analysis was

used, Modified hydrometers and the procedure used by the Soil Testing

®
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m::ra.tbry at the Utah State University were used, Iﬁ brief, the method
invélvea‘h'ydrogen peroxide to destroy organic matter, followed by disper-
_sion of the sample with Calgon end sodium silicate,

Pe&ggraphic study, Petrographic study of the very fine sand fractions
(0‘..1 - 0,05 mm,) was performed on the surface and substratum horizons of

the three profiles by Donald R, 0Olsén,*

“Geology Department, Utah State University, Logan, Utah

|
[
!
|
!
i
|
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Pable 2 showe the partial chemical analysis of the three profiles--

Avon, Manila, and| Paradise, Table 3 shows the mechenical analysis for

these soils. Table b presents the minmeral content as identified by the

petrographic meth?d for the surface soil and substratum of the three
profiles. The reéﬂts of X-ray are indicated in tables 5, 6, end 7,
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Table 2, Partial chemical a.nal;}sis of Avon, Manila, and Paradise profiles

J: . .,_,___}3;» - ) IJI” o :'j):' \‘w{ i ‘~£ _ Y Ty R: ‘;\L« ]TLL - TU:? :ﬂl‘;ﬂ
pH Potal soluble )
- _8alts O Fdangutle
; Profile | Depth suspen- o tion (Qrganic Total |Carbon: | Calcium Cation Fres
(inches) | Paste sion Paste | extract | carbon)| nitrogen|nitrogen | carbonate | exchange | Iron odide
o 2o~ | millimhos s ratio capacity [(ae Fa'
: i .-'Der%]’f% Z % l-meqfi00z | ¢

0-7- 6.7 7.2 0,03 0,50 2.94 0.201 4,6 0,6 26,0 1.41

7"‘17 6.? 703 0-01" 7 ’ . 0.56 1096 0.11&8 13-2 %;ﬁu‘v 2602 m—————

17-27 6.8 7.8 0,05 0,43 1,26 0.107 11,8 0.6 26,2 1,36

Avon 35-38 7.4 8.3 0,05 0,54 1,07 0,099 10,8. 10,6 25.3 1,41
384y 7.7 8,7 0.05 . 0,48 0.62 0,062 10,0 40,7 22.5 —

bh-60 7.7 8,6 0,06 0.l46 6,31 0,238 8.2 24,9 22,3 0,96

60-72 7.8 8.9 0.03 0,16 0.10 0,012 8.3 19,4 15,2 S

0=l 6.6 7.1 9,02 0.4k 2,82 0.192 14,6 0.3 ~ 25.7 1.85

hel1 6.5 7.1 0,02 . 0,43 1,61 0,131 12,2 0.2 23.5 1.82

12-22 6.0 6.9 0,05 10,30 0.66 0,080 8.3 0.2 26.9 ——

Manila  22-33 5.8 6,8 0.05 0,26 0.53 0,071 7.5 0,27 29,7 2,83
3645 6,0 6,8 0,05 0.27 0.56 0,057 9.8 0.3° 28,7 —

“5“55 602 760 0.05 0.}4'0 0.’4'5 ‘ 09013 ’ 802 o.g? . 2800 -

60-100 6,7 7.3 0,04 0.23 0,03 0,009 3.4 0,2 26,0 0,69

0"1'1 ?oo 7.5 : 0.07 0093 3.58 0-250 1;"’03 Qcp %-3 e ———

1%-5% 6.6 7.4 0,08 0.88 2.40 0,172 4,0 0.2 h6,3 ————

Paradise 53i-19 6.6 7.6 0,08 0.53 0.77 0,060 12.8 1,0 48,0 ——
19"27 607 706 0'08 Ool“g 0052 00038 13n8 1-0 %o? ——-c—

27-28% 7.1 8.2 0.09 0.47 0,40 0,043 9.3 1.6 48,2 ——

284-37 7.7  .8.6 0.10 0,41 0,32 0,038 8,3 32,3 33.5 —

60-72 7.7 8.8 0,06 0.42 0,08 0,016 5.3 46,3 19,5 —

-

92
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Particle size distribution of Avon, Manila, and Paradise
profiles as determined by the hydrometer method

‘ :‘ Sand Silt Clay Clay Textural
Profile Depth | 2 - ,05} 0,05 - 0,002 |<0,002 |<0,005 class
(inches) mm mm mn mm
% 4 4 &
07 26 50 24 - 31 Loen
7-17 26 L6 28 37 Clay loam
17-27 22 48 30 39. Clay loam
28-35 20 o 3 b2 Clay loam
Avon 35-38 26 43 31 38 Cley loam
38-44 29 45 26 42 Loam
Lbh-60 38 46 16 16 loam
60-72 71 18 11 11 Sandy loam
O=4 21 51 28 32 Clay loam
11 22 L7 31 L2 Clay loam
: 12-22 18 38 Lk 53, Clay
Manila 22-3 18 4o bz 51 Clay
36-#; Lo 25 35 L2 Clay loam
455 Ls 28 27 29 Clay loam
60-100 59 30 11 14 Sandy loam
|
0-13 6 4o hs 59 Silty clay
13-55 8 L2 50 60 Silty elay
5+=19 12 33 55 65 Clay
Paradise 19-27 17 37 hé 57 Clay
27-28% 2L 30 46 . 56 Clay
28%-37 16 50 34 47 Silty clay
60~72 24 46 30 42 Clay loanm




Table &,

Mineral content, identified by use of the petrographlc mlcroscope, in the 0, 1 -0 05 mm,
fraction of the surface soil and subsoil of the three profiles*

it

————
— o ssamen. e

— =

- Mineral content

Altered Tolcanic Horn—~ Andri~. 0Oligo- Plagio-
Profile Depth Quartz feldspars glass blende sine clase Chlorite clase
(inches)| ¢ % & "% 2
_Avon 0-7 40 55 5 -— - - trace trece
460 50 Lo 8 - - - - trace
0=t 50 .20 15-20 trace  trace  —- — -
Manila
60-100 ‘20 75 2 1l —— 2 -~ —
0-1%  80-90 10-20 trace -— -— - -— -
Paradise - B
27-28% S0 k9 - -— - - - 1

*Performed by D, R, Olsen, Geology Department, Utah State University,

Lozan, Utah,

g¢
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Table S, The fz'eiqtive intensitieg of X-ray diiffrﬁcﬁon peaks of
-various Na-saturated silt (5 - 20.«) fractions of samples
of )Tvon s Manila, and Paradise soil series

Sg;;lgtlg ' . .. qRelative peak heig’htﬁ.].'/ B |
(inches)  Quartz Feldspars Micas
| - i Pr,ofiie 1 - Avon '
0-7 23 12 L
1727 18 13w L
35-368 15 T - X0
Ll=60' 15 9 8
Profile 2 - Manila
o 33 18 h
b-11 40 21 8
22-33 19 6 T
60-100 8 16 3
Profile 3 - Paradise
0-1.5 3l 1 ‘ 0
1,.5-5,5 26 10 0
19-27 2k 12 ' 0
27-28.5 22 | ‘

.].‘/ Relative pepk heigtts in arbitrery units.

% Peak is broed.

!
|
!
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Table 6. The relative intengities of X-ray diffraction peaks of
various Ca-saturated and glycerolesolvated colloids in
the fine clay (0 - 0.2.4) fractions of samplas of the
&vcn, Menila, and Paradise soil series

/"MW =

Sample i Peak heights}./ Peak height x av.peak width.?./

depth , / , Lt
(inches) Mo;pt.;‘ I;Iite  Interstr.l{ Hont. TIllite Interstr.

{ ' ;

, " Profile 1 - Avon 3eries

é'

0-7 3’5%’_ B+ ? 160% 257 ?
17-27 u;g{g_’ff‘;~ A e 225 ¥ L ¥ ?
35-38 55 - trae 0 220 w0
1i=60 % 6 o 23 3 0

Profile 2 - Manila Series

0=l 30% 5 0 0¥ 10 0
L-11 6 ? 125 % 10 ?
22-33 357* tr. 0 175 x . 0
60-100 9d tr. 30 | 310 tr. 100

Profile 3 - Paradise Series

0-L5 55 tr. 0 250 o, 0
1.5-5.5  70% 0 ? X 0 7
19-27 70 0 0 290 0 0
27-26.5 95 0 0 250 0 0

, }/ Relative peak heights to the closest multiple of 5, using the
, units of the recording graph paper.
2/ Relative peak area obtained by multiplying the peak height times
the peak width at one~half its height.
3/ Montnorillonite
L/ Interstratified minerals with basal spscings between 25 and 35A.
* Peak is broad.

l
i
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Table 7, The relative intemrsities of X-ray diffraction peaks of various

———————.

Ca-gaturated and glycerol-solvated colloide in the coarse clay
(0,2 = 2,0.4) fractions of samples of the Avon, Manilas, and
Paradise soil series

e reemrtrre
————

L

Relative peak heightsl/

Sample
depth Interstrati-
(inches) Montmorillonite Illite Kaolinite fied mineralsgf Quartz
Profile 1 - Avon Serles
0-7 9 7 o 0 5
17-273/ 14 7 0 ye 6
35-38 k7 10 0 0 6
Lu-60 56 5 0 0 b
Profile 2 -~ Manila Series
O=-4 9 8 5 3= 8
411 18+ 9 2¢ 0 8
22-33 13 4 3 5 é
60-100 28 3 tr. 0 tr,
Profile 3 -~ Paradise Series
0-1.5 21% 5% 3 0 7
1.5-5.5 13+ 2 5 0 1
19-273/ 30 tr, 3 0 Iy
27-28,5 61 0 0 0 4

%§Re1at1ve peak heights in arbitrary units,
Interstratified minerels with basal spacings between 20 and 35 A°,
gfﬁad a trace of vermiculite,

Trace,

* Peak is broad,
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DISCUSSION

General soil characteristics

Soluble salts, pH, calcium bonate, and exchenze capacity, The data
of table 2 indicate that all three soll series sampled are slightly acid
to neutral in the surface soils, The subsoils of the Avon end Paradise -
are mildly alkaline, The Manila sample is the most acidic of the three
profiles and has & pH .low of 5,8 in the 22-33 inch horizon, It is somewhat
surprising to find that the deeper Manila sample taken batween 45 %o 55
inches is also quite acid (pH 6.2), becauss the annusl rainfall of the
area is only about 18 inches, Such deep leaching of a clayey soil on a
32 per cent slope would not be expected in this reinfall belt:d,

In all soils the total soluble salt concentration is relatively low,
It is lowest in the Manila soil and highest in the Paradise soll, From
pH and salt ocontent data, it would appear that the Manila soil is more
highly leached than the Avon or Paradise soil, This result would not de
expected under present conditions. The three soil sites are all within
a half mile of each other and should have little or no macro climate
differences, In addition, the Manlla occurs on a steep slope relatively
close to the hill summit, The Paradise and Avon sites, however, are on
leas steep slopes and are susceptible to water runoff from watersheds
larger than the one which affects the Manila site, Logleally, one would
expéct the leaching of the area to be greatest in the Avon and least in
the Manile,

Both the Avon and the Paradise solls have marked carbonate accumalae

tions at approximately 35 =and 28 inches, respectively, whereas the Manila
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is completely leached to at least 8 feet. The accumulation of lime &
few feet deep is expected in a "normal® soll of the aerea in the presemt
environment, It is believed by the author that the upper 27-inch solum
of the Paradise goil is similar to the Manila solum, It is quite obvious
to the observer that this 27-inch solum of the Paradise.so;ll has been
layered onto the highly calcareous substratum beneath it, This latter
material, buff 1:1 color, is markedly different in appearance and texture
from the soll occurring above the 28-inch depth, ‘

Tn contrast to this, the light-colored strate underlying the Mamila
801l is completely free of lime to at least 100 inches, It is possidble
thet this white, ashy, sandy losm material underlying the soils of this

areoa 1349@# uniform, \Por'aions”gf._iﬁ especially on lower terraces, may

S e e

Ve caloareous bedause of lime accumilations during the period of Lake

e )
" The values for the cation exchenge capacity (CEC) of the samples is

difficult to evaluate, All samples of the Paradise profile above the
zﬂ-inch depth have a considerably higher CEC than samples of the other
two profiles, The fact that these samples of the Paradise soil have a
higher percentage of clay than the other samples leaves the impression
that 2 close relationship exists between CIC and clay content (see table
3). A comparison of individual values between and within profiles does
aot produce any obvious relationship between CEC and amy of the other
neasured values,

Carbon, pitrozen and the C:N ratio, All three soils have large per-
centages of organic matter, All have (hernozem-like surface soils with
gradually decreasing organic matier with increased depth, As expected,
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the total nitrogen content is directly proportional to the organic matter
content,

In looking at the C:N ratios, however, the unexpected high values
of 14,6, 14,6, and 14,3 were obtained for the surface soil of Avon,
Manila, and Paradise, respectively. The present climate does no%, in
the opinion of local soll surveyors, favor such a high ratio,

Climatical data for the area are given in table 8, as prepared by
Hutebings (14), The summers are quite warm and dry (average temperature
for June through September is 67,8° F,), and the winters are cool and
moist (average temperature for November through March is 30,4° 7,),

From FHovember through March the precipitation exceeds the potential
evapo-tmnspimti;on by the amount of snowfall because it occurs mostly
as snow which doegs not melt, During the summer (June through September)
the average montl%ily precipitation is reduced less tham half that in thé
winter months e.nd the notentlal evapo-transpiration exceeds i¢ sevaralh
times, In August and September the Manila and Paradise soils commonly
dry to 2 or 3 feet in depth and shrink, %o leave cracks one to several
inches wide,

In the opinionof iocal survey authorities, the warm, dry sumners
should speed soll organic matter decomposition sufficiently to reduce the
C:¥ ratio to eqilibrium levele which have commonly been assumed to de
less then 13.5. However, in the past few years, as a result of develop-
ment of soil criteria for solls of the forthecoming soil classification
systen, other soils have been found that have these wide ratios, Dryland
loess soils of the Palouse soils in southeastern Washington also have

similar high C:N ratios which have been reported by Moodle (22), 1In



Teble 8, Climate of the Logan ares at an elevation of 4,779 end latitude of 41%%4's

e

——
—

e

T Months

Jdan, Feb, Mar, April May June July Aug, Sept,

Oct,

Hov, Dec, Average

Average Temp, °F, 23.9 27.9 36,7 47.5 55.6 64,1 72,8 M4 61,8

Potential
evapo-transpiration - ~— ~- 4,1 7.6 10,9 14,6 13,0 8,2

Precipitation (cm.) 4.0 3.8 4.9 4.6 5.2 2.2 1.5 L7 3.3

Surplus or deficient
moisture boo 3.8 49 04 -2,3 -8,7-13,1 -11,3 4,9

——— —

50.3

4,3
k.1

-0.2

7.1 26,4 43,0

- o 6207
3.1 3.1 M5

3.1 3.1 -21.3

M -

Years record: Precipltation 59; temperature 59; frost 39,
Frost-free period 5/7 - 10/11: 157 days.
*®odified from Hatchings (14) .

¢
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Washington, two prairie soils have C:N ratios of 17,0 and 17,3 a Sierow
zem, a Red Desert, and a brown soil have C:N ratios of 15:8, 15:1, and
14:8, respectively, These last three soils are distributed in the center
of the stete of Weshington and are under irrigastion, Also, some other
Cache Valley soils énalyzed by the Soil Testing lLaboratory at this
institution have similar ratlos,

Yo conclusi;n on soil differences can be drawn from these ratios,

All soils are similar,

Mechanical analysis. Table 3 presents the mechanical analysis as

obtained by the hydrometer ﬁethod. The clay perbentage, in the Manila
soil, is relstively low in the surface, high in the B horizon, snd low
egain in the C ho?izon. The wide~-gpread clay skins in the B horizon are
a clear indication of elay migration in this profile, These facts
indicate that this profile is considerably weathered,

The Peradise profile shows the same trend, but it occurs to lesser
depth than the Manila and contains a relatively higher percentaze of clay

than the Manila, If the lithological makeup of these two profiles is

~ the same, then the higher percentage of clay in the Paradise profile

would indicate that this profile is even more weathered than the Manila,

The data of the Avon profile have a different trend from those of

the Manila and Paradise, The percentage clay in the Avon profile as a

whole 1s lower than that of either HManile or Paradise. The top 35 inches
have a gradual increase in percentage clay with inereased depth, This
corresponds, but to a lesser degree, with that of the other two soils,
Deeper than 35 inches the clay percentage becomes gradually lower,

The general percentage clay increase in the Manila and Paradise soils
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would indicate either longer or more intensive weathering. It is, however,
of interest to note that only the Manila and the Avon “CH horigons have
aimiiér clay percendeges. Since it is known that the complete Parsdise
profile was not formed in place from the substratum, no good estimation
of the extent of weathering of this profile can be made from Just these
meshanical anelysis dmta alone, The perent materisl must be known,
Mineralosical snalysis. A brief study wes mede to determine the minere
alogical compoeition of various selected horizons of the three profiles,

A petrographic study on the surface sample of each prefile end on the sub-
stratum material of the Avon and Manila revealed that the very fine sand
fraction is predominantly quartz and feldspaers, Small amounts of voleanie
glass (5 end 8 per cent) ‘were found in the Avon samples, In the Manila
surface sample, fj,l5 to 20 per cent of volecanic glass was fournd, dut enly
2 per cent was 1éent1£ied in the 60 to 100 inch level (see table L),

Conmonly feldspar weathers more rapidly than quaréz or volecaniec glass,
Assuning that the sola of the three profiles sampled were derived from
similar material, the greater the proportion of quartz and velcanic glass
%o the amount of feldspars, the greater the extent of weathering which has
occurred, \On this assumption the Avon surface soil is the least weathered
(contains pei- cent quartz and 55 per cent feldspars) and the Paradise
gurface soil 1s the most weathsred ( containe 85 per cent quartz and 15
per cent feldspars), Feldspars are Xnown to weather %o produce comsider-
able clay, The low feldspar content end high clay content of the Paradise
surface soil sample is, therefore, compatible,

The light-colored substrstum of each of the Manila and Avon sites is
not sharply separated from the solum above it and it is possible that
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these soils have developed in place, Assuming the soils are formed in
place from the respective substratum, the following interpretation can
be made, With increased weathering the percentage of quartz should in-
crease and the percentage of feldspar should decrease as the C horizon
weathers and becomes a part of the sclum, The values obtained for Avon
samples indicate & low degree of mineral weathering since there is no
appreciable chan%e in the percentages of quartz and of feldspars in the
C and the surface horizons, In the Manila samples, though, quartz per-
centege increases from 20 per cent in the C horizon to 50 per cent in the
surface soil, Feldspar content decreases from 75 per cent in the C
horizon sample to 20 per cent in the surfﬁce sample, This would indicate
thet if the Aro@ and Manila soils are residual, the Manila soil is con-
eiderably more Qtrougly—weathered. Also, the C horizon materlal in the
two profiles is different, The C horizon of the Manila so0ll has e
higher pércentaée of feldspars than the C horizon of the Avon,

The Paradise samples are somewhat uﬁusual. The light olive aray clay
sampled at a depth of 27-28,5 inches is probably a much more weakly~
weathered sample than the rest of the solum above it, The surface sample
has a high percentage of quartz (85 per cent) and a low feldspar content
(15 per cent), This surface soil may be the most strongly-weathered
sample of those studied,

Further mineralogical studies by X-ray diffraction were made on
selected samples, The data are presented in tables 5, 6, and 7, In
studying the X-ray data one should keep in mind that the peak heights

are a function of: (1) the amount of sample on the slides; (2) orienta-

tion of the sample; (3) crystalinity of the particles; and (4) size of
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the pértiqles. Interpretation of the dais are necessarily somewhat
general from ths limited X-ray work done,

Pable 5 contains X-ray diffraction on the medium silt (5 ~ 20.)
fraction, All samples are predeminantly quartz and feldspars with
gmaller qpantit;es of mica distinguighable in the Avon aad Manila samples,
The ratio of qu%rtz to feldspars does not chenge appreciably in the Avon
samples, Thise éould indicate a low dezree of weathering of the selum,
assuming that the bl %o 60-inch depth is parent material,

In the Manila samples, however, the ratio of quariz to feldspars
changes from about 1,8 in the surface sémple %0 0.5 in the sample from
the 60 to 100-inch depth, Assuming that the Meanila soil is formed in
place from the %ubstratum and thet the latter horizon is the G horigon,
the Manils soil’hag undergone quite extensive weathering, The presence
of mica is evident dut it is lower in amoﬁnt than was expected, In a
brief survey of the Manila sits it was found thet some deeper pertions
of the site hill have considerable quantities of biotite e2sily visible,
This observation wes made on a southern exposure of the same knoll on
vhich the Manila occurs as an easternly exposure. The absence of strong
micq.or illite diffraction pesks was even more surprising in the clay
fraﬁgions.

| The dats of the Paradise semmles are not in good agreement with
petrographic data given in table 4. The I~ray diffrasetion data of the
27-28,5 inch sample (the bigh quartz, lov feldspar values) woul& indicate
a strongly-weathered horizon, The petrographic study indicated the
opposite. In contrast, the surface horizon is weakly-weatbered according

to X~ray data, but it is interpreted the opposite vhen studied
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petrographicaily. Amorphous material is not identified by X-ray dif-
fraction methods and amorphous silica or altered feldspars mey not show
up on X-ray patterns, but it would be seen in a petrographic study. A
more detailed study is needed before a conclusion would be made,

Table 6 presents X-ray diffraction data for the fine clay fractions
(0 - 0,24), In 211 samples montmorillonite is markedly dominant, This
is surprising because of the mica found in saﬁples near the Manila site
in a brief suivey of the area, In a previous study by Douglas* on
Payson soil series, large proportions of illite were identified, This
series lies east of the Great Salt Lake and west of the foot of the
Wasatch Mountains, The Payson soil is calecareous and is an intrazonal
degraded solonetz soil of brown and chestnut soil zones, Conslderable
interstratified méntmorillonite—illite material was claimed to be present
in the soil, Although the soils may be partially derived from the same
mountain range material, the marked heterogeneity of the area makes it
possible for the marked differences in clay types found in solls of the
area,

As clays weather, they often become changed into less crystalline
or into more amorphous materiasl, X-ray diffraction peaks are more marked
a8 crystallinity increases, Iﬁ is not surprising, then, to observe larger
(higher) peaks fof the deeper samples,

It should be kept in mind that these values are on soil separates and
not on the whole 80il sample, The Manila sample taken at 22 to 33 inches
‘has 33 per cent of fine clay, whereas the 60 to 100-inch sample has only

2,4 per cent, Thus, the marked montmorillonite peak in the lower horizon,

*Uncompleted M,S. thesis by Lowell Douglas, Utah State University,
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vhen multiplied by the whole soil percentage made up by the fractien,
only means that the small portion of the soil thet is fine clay is very
high in mcntmoriilonite. In contrast to this, the 27 %o 28,5 inch
Paradise sample has 43 per cent fine clay, all of which is high in mont-
morillonite, ‘

One unusualifeature was found in the Manila 60 to 100-inch sample,
For several reruns, a marked diffractions peak occurred which indicated
an interlayer spacing (or more correctly, a repeating plame) of about 35
Angstroms, This is listed as interstratified material, It is common
with mixed minerals where the mineral is made up of alternating layers
of the components. Alternating mica and montmorillonite would have
repeating planes of 20 %o 28 Angstroms apart., Various other combinations
(vermiculite pluL montmorillonite, varieble stecking of montmorillonite,
others) will produce other spacings, It was found that{ after standing a
few hours, the slide which had heen prepared no longer produced a dif-
fraction peak at the 35 Angstroms, The peak completely &isappaared.
Purther work ixas not yet been done on this sample,

In the coarse clay semples (see table 7) montmoriilonite again was
the dominant mineral, As in the fine clay patterns, the peak intensities
of the coarse ciay samples increased as the samples from deeper depth in
the profiles were analyzed. A small amount of 1llite was noted, mostly
in the shallower aoil samples, Quartz occurs in sufficient amounts te be
identified in most samples, |

For the first time in the samples analyzed kaolinite was identified,
It was not found in large amounts, From experiences it is known that

amounts as low as 20 per cent kamolinite will produce marked diffraction
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pesks, The Avon samples did not have any kaolinite identifiable, Because
kaolinite is assumed to be the result of more acid or moTe intense weather-
ing than either illite or montmorillonite, the conclusion 1s that the Avon
s0il is a younger soil (less weathered) than the other two, The 27 to 28,5
inch sample of the Paradise soil had no kaolinite identified. This would
substantiate an e%rlier conclusion that this layer is less weathered than
the rest of the sblum above it,

The marked color difference between the solum amd the 27 to 28,5 inch
layer makes it impossible to assume the immediate source of each of these
portions to be formed from the same material, The calcareousness and
gfeen color of the 27 to 28.5 inch layer could have formed from the white
calearsous material below it, It is possible that this layer resulted
from elther weatﬂering or from sedimentation during the period of the
Benﬁeville lske, When the lake receded, the present solum was deposited
on top of this material, It is possible that this solum was formed from
meterie]l similar to the present substratum, But if so, it occurred at a

different location end has been mixed with gravele during movement,



43
SUMMARY AND CONCLUSIONS

Three soil profﬁes were studied in this investigzation, One of the
profiles (the Menila) lies above the highest level of Lake Bonneville,
The second soil profile represents the Avon soil seriee and lies below
the Loke Bomneville shore line, The third profile, Paradise, occurs at
about the highest level of the ancient lake,

Chemical, mschenical, and mineralogical analyses were mede on the
three profiles: (1) to characterize these soil semples, (2) to show the
differences between them, and {3) to attempt to find out if the Manila
and Paradise soil series are compantible with the present climatic con-
ditions,

The Avon s;ils are wall-drained, moderately finewtextured, zonal
Chernozam~like soils, They are mostly dry-farmed, ‘heat and alfalfa
are the prineipal crops, The profile studied occurs on an east-facing
slope of 5 per cent. |

The Manila solls are well-drained, fine-textured soils, They occur
niostly on steep lep_es above the highest level of Lake Bomneville, The
profile studied occurs on a slope of 32 per cent feoing east, The present
vegetation on this area is Artimieia tridentata (sagebrush) and Bromus
tectoram (June grass), The B norizon of the Manila profile is strongly
prismatic clay. It is characterized with wide cracks, some of them

opening to the surface, The clay has a tendency to swell when wet and

" shrink when dry,

The Paradise soils are well-drained, fine-textured soils, The solum



by
,q‘”;gfipygt:fgjx is quite similnr to the Manila soil, The Paradise soils lie
on about the Lake Bonneville shore 1line, The profile studied is in a
northern exposure having 7 per cent slope., The present vegetation of
this area is Artimisia tridentata(sagebrush), Balsomoriza sagittata
{valsan weed), Rosa woodsie (mld rose), and Helianthella uniflors
(little sunflower). The B horizon ééfvezy strongly prismatic structure
and has even wider ecracks than in the Manila?a.nd gone of them also open
to the surface., The clay of this profile has a great tendency to swell
vhen wet and to ghrink vhen dry,

The following conclusions are drawng

1. The data indicate that the Manila soil is more acidic than either
of the Avon or Paradise soils and leached to & greater depth, Since the
present climate}results in no such excessive lesaching, the explanstion
would be that either this soil is 0ld or wes influenced by other climatic
conditions sometime during their formation,

2, The high content of clays and the wide extent of the clay skins

in the B horizon and substratum of the Manila end Paredise soils are an

indication that these s0ills ere consideradbly weathered,

3. The silt and sand fractions of the three soils are predominently
feldspars and guertz with a smsll amount of mica present., Assuming that
the sola of the three profiles sampled were derived from similar materials,
it can be concluied that the Avon surface soil is the least weathered
(contains 40 per cent quartz and 55 per cent feldspar) and the Paradise
surface soil is the most highly weathered (contains 85 per cemt quertz and
only 15 per cent feldspar), Feldspars are known to westher to produce

considerable clay. The lov feldspar content and the high clay content of
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the Paradise surface soil sample, iz therefore, compatible,

Lk, The ratio of quartz to feldspar doe§ not change aopreciably in
‘the various Avon horizon samples, which indicates a low degree of weather-
ing of the solum, In the Manila, the ratio of quartz to feldspars changes
from 'a‘nout 1.8 in the surface sample to 0.5 in the sample from the 60 to
100~inch depth, If it is assumed that the Manila soil 1s residual and
that the latter horizon is the C horizon, the Manile soll has undergone
quite extensive ﬁeathering.

5. The X-ray diffraction analysis indicates that all samples have
predominantly montmorillonitic elays with a 1ittle illite in the w and
Manila soils, |

6., The data of the coarse clay fraction indicate that these samples
also are predominantly montmorillonite, but do have small amounts of $llite
and quartz, The sbsence of knolinlte in the Avon samples and the presence
of small smounts of it in the Manile and Paradise samples 1s another indi-
cation that the Avon soil has Eeen less intensively weathered then the
Menile end Paradise samples,

7. The deeply leached profile, high cléy percentage, high quartz to
..feldspar ratio in the solum, and the presence of some kaolinite, lead vthe
author to conclude, though not entirely certain, that the Manila soil hag
been developed partially under a climate (micro or maerc) different than
the present one. This climate would have been wetter than the present ono,

8., The solum of the Paradise profile is so different from the layer
below it that it is vaious to the observer that this gsolum has been layered
onto the material bemeath it, The boundary 1s abrupt, The solum contains

about 1C per cent gravel, but the material beneath 1s free of gravel, The
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solum is free of lime, but the material bemeath is highly calcareous,
These end other soil properties lead to the conclueion that the solum
d4d not form from the material beneath 1t,

9, The Avon sample, leached to 35 inches, is considered to be younger
morphologically then the Manila or Paradise soils, It Is belleved to be
entirely comprtible with the present olimate, and to have developed under

such a climste,
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