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INTRODUCTIGQN

Loess deposits cover a large porticn of the midcontinent
United States extending from the Great Plains on the west to
the Ohio River Basin on the east and southward to the Gulf of
Mexico (Thorp and Smith, 1952). Within this arra, loess
derived soils have been observed to cccur in repitative pat-
terns on the landscape. An examination of these patterns
reveals the soils to be in belts parallel or subparallel to
major river valleys (Norton, 1933). These belts of soils
have been studied in Illinois by Krumbien (1937),Bray (1934,
1635, 1937) and Smith (1942). Based on these studies, simi-
lar systems of soils observed in Iowa have been studied by
Hutton (1947), Ulrich (1950, 1951) and Ruhe (1968, 1969a,
1969b) . BHanna and Bidwell (1955) conducted like investiga-
tions on the loessial systems of Kansas. Each of these in-
vestigations has made its contribution toward more precisely
defining both the loess deposits themselves and the soils
forned in the loess. The final result has been an explana-
tion of the soils which has been rather universally applied
to lcess derived soils.

The presently accepted explanaticn of the systematic
'oécurrence of soils in loess provinces was first applied by
Smith (1942) in X1llinois and has become known as the "Effec-
tive Age Concept." This concept has been developed for

Iovwa's loess derived socils by Hutton (1947) and Ulrich (1950,



1951) . The original thesis proposed that, at any place along
a northwest to southeast traverse in southvestern Iowa, the
loess was deposited at a unifcrm rate at the same time as it
was being deposited at any other place aloang the traverse.
Cn the western end, then, the rate of deposition was great
and exceeded pedogenesis. On the eastern end, the rate of
deposition was slow and pedogenesis expressed itself on the
loess during deposition. The length of time since the
cessaticn of deposition is the same and, consequently,
pedogenesis equally expressed itself from west to east during
the time since deposition ceased.

With the advent of radiocarbon dating techniques, the
genesis of the soils of southwestern Iowa has been re-
examined (Ruhe, 1968, 1969a, 1969b). The base of the loess,
and consequently the time of initiation of loess deposition,
has been radiocarbon dated from 24,750 years before present
(hereafter atbreviated Y. B. P.).on the western end of the
scuthwestern Iowa loess province to 16,750 Y. B. P. on the
castern end of the traverse. The age of the geologically
stakble summit surfaces has been placed at 14,000 Y. B. P.
(Ruhe and Scholtes, 1955, 1956). On the western end, 10,750
years was required tc deposit the lcess and only 2,750 years
was required on the eastern end. Loess thickness changes
systematically from 1200 inches to 90 inches (Ruhe, 1969b)

from west to east. Recent dating on loess dark bands as de-
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scribed by Daniels et al. (1960) has further aidedAin calcu-
lation cf non-uniforn depoéitional rates at any location
(Ruhe, 1§69b); The conclusicn that, in southwestern Iowa,
lcess defposition was neither uniform in rate nor constant in
time presupposes the credulity of the effective age concept.
In light of these findings, the loess systeh of south-
western Iova was re-examined in this study. The'objectives
vere to evaluate the effective age copncept within a tinme
framevork as established by radiocarbon dating and to arrive
at a series of quantifying measurements which would result in
a model systen demonstrating the systematic universality of
loess derived soils. The effects of moisture vere to be in-
troduced as a determining factor as mentioned_by Hutton

(1947) and emphasized ty Ruhe (196%a, 1969b).



HISTORICAL BACKGRCUNC

The very éystematic variation in the soils in southwest-
ern Iowa has been studied vith constant revision of ideas as
the product. Part of the revision has resulted from geologic:
advancement and part from changes in the tools“employed in
redologic investiéations. The geologic and pedologic back-

ground are presented below.
Surficial Deposits in Southwestern Iowa

All the unconsolidated surficial materials of southwest-
ern Iova are identified with the Pleistocene Age and the as-
sociated glacial activity. When pedology is introduced, the
activities and processes of the Holocene Age are included
with the Pleistocene Age to encompass the Quaternary Epoch.
The base of the Pleistccene Age is someihat vague when defi-
pition by time is attempted. It appears to extend back for |
at least 1,000,000 years (Leet and Judscn, 1961) and perhaps
2,000,000 yea;s'(ﬂolmes, 1965). Within the curfent framework
cf knowledge, definiticn by stratigraphically identifiable
raterials is more precise.

Prior to_i821, extensive glaciation, reaching far beyond
the borders of glacial activity at that time, was not gener-.
ally accepted ty the geologic profession. At that time, J. |
Venetz, a Swiss engineer, presented to the Helvetic Society

the idea that glaciation had Lkeen extensive iﬁ Europe. These



ideas were met with complete skepticism. Jean de Charpentier
allied with Venetz in 1834 and, in 1836, persuaded J. L. R.
Agassiz, a zoologist, to travel with him in Europe and exam-
ine present glacial activity and evidence of similar past
glacial activity. So impressed was Agassiz that the follow-
ing year he addressed the Helevetic Scciety on the subject of
ccntinental glaciation. His views were put forth so convinc-
ingly that many former skeptics became supporters. Agassiz
carried his views to England in 1840 and in 1846 to North
America when he joined the staff at Harvard University.

One of the earliest workers in Ncrth American glacial
geolegy was T. C. Chamberlin who, in 1883, established the
existence of at least two glaciations during the events of
the Pleistocene Age in North America. At that time no
nomenclature was assigned to these glacial stages, but as in-
vestigations preceded, more materials were identified and
namede.

The oldest Pleistccene deposits have been related to the
Nebraskan glacial stage (Shimek, 1909). The surface of this
drift was exposed to weathering during the Aftonian intergla-
cial period (Chamberlin, 189€) and the scil which was formed
was subsequently buried by Kansan drift (Leverett, 1896).

The Yarmouth interglacial (Leverett, 1898) provided time for
the develorment of scil in the Kansan drift and separates

this drift from the overlying Illinoian drift (Chamberlin,



1895) . The gray, severly veathered and tenacious clay on the
Kansan surface could have formed over an extended intergla-
cial period {(Kay, 1916a). This material has been referred to
in Eleistocene literature as "gumbotil® (Kay, 1916b). Kay's
gunkotil has been revised to indicate the Yarmouth-Sangamon
raleosol con the Kansan surface where it was exposed to weath-
ering through Yarmouth, Illincian and Sangamon times. 1In
other words, no deposition occurred on this surface during
Illinoian glaciation. The Sangamon surface (Leverett, 1898)
cccurs on the Illinoian deposits. The ycungest, and hence
the uppernost deposits are Wisconsinan in age
{Chamberlin,1895). At this time, the basic Pleistocene sec-
tion had been established for North America. Since then,
innovation and improvement in stratigraphic techniques has
permitted refinement of this basic section with only modifi-
cation of it as imprcvement c¢f procedures of investigation
have permitted. Five glacial and four interglacial units
were recognized (Kay and Apfel, 1929). They were the
Nebraskan, Kamsan, Illinoian, Iowan and Wisconsinan glacia-
tions and the Aftonian, Yarmouth, Sangamon and Peorian inter-
glacial periods. It was further recognized that both the
Nebraskan and Kansan glaciations had covered all of Iowa.
These two glacial units and the intervening Aftonian and
Yarcouth periods have remained essentially unchanged in ter-

minclegy and stratigraphic position.



The Peorian interglacial period was deleted as to its
position in the Pleistocene by Leightcn (1933) who gave an
intraglacial rather than interglacial position to it. At
that same time (Kay and Leighton, 1933) it was proposed that
the Iowan, Peorian and Wisconsin units be considered as part
of an Eldoran Epoch. This proposal was short lived. An
examination of the Wisconsin stage brcught out four sub-
stages; the Iowan, Tazewell, Cary and Mankato (Leighton,
1633). This was contrary to the idea of Kay and Apfel (1929)
that the Iowan was a separate glacial stage between the
Illinoian and Wisconsinan. The discussicn of placement of
the Iowan betveen a late substage of Illinoian (Leverett,
1939) or early Wisconsin (Leverett, 1942) was resolved in
favor of Early Wisconsin. Leighton and Willman (1950) placed
the Towan as the second oldest substage of the Wisconsin sub-
stage. Leighton (1966) objected to this position for the
Iowan. The problem cf the Iowan was finally resolved by Ruhe
et al. (1968) who, rather than place the Iowan stratigraphi-
cally, completely removed it from the Pleistocene section in
Iowa., This was done on the basis of the presence of stone
lines, the absence of raleoscls on pcrticns of the landscape
and radiocarbon dating, among other characteristic features.
In place of tbhe Iowan drift, an Iowan Erosion Surface wvas

proprosed (Buhe et al., 1968) and has been generally accepted.



The Loveland unit in the Pleistocene section was first
described as a fluvial deposit (Shimek, 1909). ,Fufthet exén-.
ination cf its morphology lead to an eolian e#planatiqn for
its depositional mechanism (Kay, 1924). It was first placéd
in late Sangamon time tky Leighton (1926) but he later con-
‘cluded that the lover portion of the loess could be older
than Late Sangamon at least in easterm Iowa. A iéte Sangamon
raleocsol was associated with the Loveland Loess. Since only
a small portioh of southeastern Iowa was glaciated during
Illinoian time, all the loess below the Sangémon and Late
Sangamon paleosols was ascribed to Illinoian tine'(Ruhe;
1968).‘

The loess which is superjacent to the Sangamon paleosol
was thought to have been deposited continuously from Iowan
through Peoriah'and into early Wisconsin times (kay and
Grahanm, 19“3)} "The fpaleosol which Leighton had identified as
late Sangamon was redefined as the.Farndale paleosol
(Hascher, Humkert ancé Cady, 1947) to span the gine-
stratigraphic interval from 22,000 to 28,000 Y. B. P. (Frye,
Glass and Willman, 1662). The placement of this uéakly de-
velcred paleosol in Farmdale time éorrelated ali loess above
the Sangamon paleosol with Wisconsin deposition including the
Sangamon paleosol (Ruhe, Daniels and Cady, 1967). The
surface of this wisccnsin loess, wvwhere it passés ﬁnder the

Cary till, has been radiocarkcn dated at 14,000 Y. B. P.



(Ruhe and Scholtes, 19%56). Radiocarbon dating of the
Farrdale increment in Iova placed its age from 56,500 to
24,500 Y. B. P. (Ruhe, Rubin and Scholtes, 1957). This does
not fit into tﬁe previcusly defined time-stratigraphic
Farmdale unit. Since by dating, this unit transgresséd all
of Earmdale and part of Tazewell time units, it vas reconm-
mended that thé Farmdale unit be deleted from the Pleistocene
section of Iowa (Fenton, 1966). 1In its place the name Salt
Creek paleosol éas suggested since its entire time span could
ke found in the Salt Creek area of northeasterﬁ Iova (Fenton,
1966) . This unit is currently informally refer;ed to as the
basal scil of the Wisconsin loess (Ruhe, 1969a). Since it
consists only of'an A and C horizon, it is interpreted as
representative of initial slow rates cf loess deposition
(Ruhe, 1969b). The compilation of radiocarbon dates from the
organic carkon of this basal soil (Ruhe, Rubin and Scholtes,

1957; Ruhe, 1969a), created considerable interesﬁ in the

undertaking of this study.

Wisconsin Loess Deposition in Southwesterm Iowa

Early investigaticns of the loess cf soutﬁuestern Iova
produced a theory of aqueous crigin of the material (Shimek,
1931) . It was proposed that a large lake existed im that
rart of Iowa that is presently covered by loess. ' The

inequalities in the elevation of the loess deposits was
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accounted foflﬁy.fluctuations in the elevation of the
shoreline cf thenlake. The pteéence of many fossil mollusk
shells, whiéh vere classified as either aqueousio: semi-
aqueous, was ihférpreted as further evidence fot\an agueous
mcde of origiﬁ of the loess. Purther observatibns (Shimek,
1831 produced evidence that the snails which were currently
living cn the land surface vere the same as those buried in !
the loess. The conclusion was tﬁen that the fossil mollusks
were in fact terrestrial and furthermore that é fenperate en-
vironment must have qxisted at the time of loess deposition.
In liqht of this evidence, an eclian mode of deposition was |

given tc‘loesss ‘This is widely accepted today as the mecha-

nism of transport and deposition.

Age_and environment of loess_deposition

Although the mcde of loess deposition is fairly well es-
tablished now, the time period of loess depositional activity
has undergone considerable ccntroversy. The name Peorian is
credited to Leverett im 1898 (Kay and Graham, 1943) as it vaé
first}appiied‘to'a veathering interval between Iowan loess
and Shelbyville till in Tllinois. At the Parm Creek éfposure
near Pecria, Iliinois, this interglacial period is evidenced
tetveen Tovan loess and the Shelbyville morain&lﬂﬁeposits.
Kay and Gtaﬁaﬁ (i9u3) follov by saying that Shimek propqsed

that the Iowan loess was not correlative vith Iowvan drift ﬁut
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rather with recession of Iowan ice. This proposal was
accepted by'thé geolcgical prcfession and Peorian loess was

rlaced stratigraphically in the interglacial petiod vhich was

post-Iowan. This placed all the surficial loess deposits of

- scuthwestern Iowa as Peorian loess. With thé{disproval of
the existeﬁcé of the Iovan dfift in Iowva (Ruhe,'1968), the
name Pecrian has been dropped from use in the Pleistocene
section of Iowa and‘the loess of southwestern Iowa has been
referred to simply as Wisconsin loess.

The basalisbil of the Wisconsin loess has been suffi-
ciently dated ty radiocarbon methods to permit iﬁsight into
the actual time of lcess depqsition. Ruhe (1969a, 1969b), in
a review of the ¢h:onology of loess deposits, concluded that
the radiocarbon ége cf the basal soil (Y) in éouthwestern
Icvwa varied with distance (D) from the Hissoufi River Valley
as Y = 26,500 - 55X. From this equation it canlbe calculated
that the mean age of the initiation of lcess débosition vas
26,500 Y. B. P. near the valley and 16,875 Y. B. P. in
southcentral Iowa; the base cf the loess becoming progres-
sively ycunger away from the source area. The time
transgressed is about 9625 years. Based on a greater number
cf radiocarbon dates, Ruhe (1969b) revised this'equation to ¢
= 24,750 - 0.045 D. This was published in obvious error and
should have read Y = 24,750 - 45D. By this equation, the age

cf the basal soil, ard consequently the initiation of loess
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depositiocn, prdgressed from 24,750 i. B. P. t0o.16,875 Y. B.
P. spanning 7875 years. Since the surface of the loess was
dated at IQ,OOO.Y. B. P. (Ruhe and Scholtes, 1956) vhere it
passed under‘the;cary till of central Iowa, the thick loess
in western Ioﬁa vas deposited im 10,750 years ahd the thinner
loess of southcentral Iowa in 4875 years.

Within the thick loess of western Iowa occur dark bands
interpreted aé periods of slow depositicrp cr non-deposition
which allowed an accumulation of organic carbon. Several of
these dark handé have Leen radiocarbon dated to permit calcu-
lation of approximate rates of depositicn (Ruhe, 1969b). Be-
tveen the basal soil and a dark band 3.3 feet above it, a
depositional iate‘of 0.6 x 10-3 feet per year vas calcﬁlated.
Befveen tvwo dérk bandé 9.0 and 27.3 feet below the ground
surface, the depdsitional rate was calculated at 6.9 x 10—3
feet per year. From this it vas shown that loess deposition
in southwestern Iowva began at varying distances from the
Missouri Rivef-Valley from 24,750 to 16,875 Y. B,'P. and at
any given location, had a variable rate of accumulation
during the time of deposition. The 0.6 x 10—3 feet per year
rate wvas used'to_demcnstrate that the basal soil did repre4
sent an initial slow rate of accumulation which permitted

build-up of organic carbon in the material as it was deposit-

ed.
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As recently as €,000 years ago, a coniferous forest was
rresent in Iowa (Ruhe and Scholtes, 1956; Ruhé.-1969a). The
~existance of Such vegetation indicates a much cooler and more
poist climate existed at that tinme. Presently, coniferous
forests occur in northern Minnesota where the avérage temgper-
atures range from 00 P to 160 P and average summer tempera-
tures range from 609 F to 669 F. In Iowa, thé temperature
ranges for these periods is from 140 F to 290 F and from 720
F to 760 F resbectively. The difference of about 110 P could
easily have existed in association with glacial activity.
Rainfall is siwmilar between these two areas, 22 to 32 inches
annuvally in Minnesota and 26 to 36 inches annually in Iowa
(Ruhe, 1969a). However rainfall distribution is more
seasonally uniforn and potential evapotransporation 1e§s in

the native spruce forest areas of northern Minnesota than in

Icwa. Ccnsequently, coniferous vegetation is associated with |

a relatively more moisf environment (Rubhe, 1969a) .

Deposition of the Wisconsin loess of southwestern Iowa
began from 24,750 Y. B. P. to 16,875 Y. B. P., depending upon
proximity to the Missouri River Valley, and accumulated at
varying rates at any one location within the loess province.
The early views of a temperate climate during loess deposi-
tion (Shinek, 1931) appear to be valid and further, the

clinmate was relatively more moist during that period.
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Distributional patterns_of Wisconsin loess

One of the earliest classifications of the locess of Iowa
was made on the basis of color and thickness (Brown, 1936).
The Wisconsin loess cccurred in western Iowa and extended
from the northern state line to the southern state line and
eastward two or three tiers of counties. The Mississippi
loess occurred in the eastern two tiers of counties in the
state. It was reported to have an intermediate thickness of
about 25 feet. Located between the Missouri loess on the
west and the Mississippi loess on the east and including the
first two or three tiers of counties north of the Missouri
state line, was the Southern Iowa loess. It was the shallow,
gray colored loess. The Missouri loess of southwestern Iowa
was observed to have different topographic characteristics at
different locations (Kay and Graham, 1943). The area of
loess depositional tcopography included the thickest loess
deposits of western Iowa near the Missouri River Valley. The
area was characterized by great local relief resulting fron
the loess accumulations which greatly accentuated and
obliterated the underlying Kansan tcrography. The next area
ic the eastvard was the loess mantled erosional topography
where the underlying Kansan surface was modified but not
obliterated ty the loess. The loess was restricted in

occurrence to the summits and upper slope positions on the
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- landscatge the;eby.increasing ghe amount of localhfelief.
Still further to the eastward the loess was deposited only on
brcad ridgetops and divides or was eroded frbn'sideslopes
contemforanepusly vith deposition and had very'liﬁfle effect
cn relief.

One of the fitst;efforts at quantification of the previ-
cusly rhetorically observed loess thickness disttibutional
patterns vas hadé by ﬁrunbein (1937). The work was done in
Illinois southeastward away from the Mississippi River. An
examination of‘loess thickness in road cuts tevééled that,
from a distance of twvo to nine miles awvay from the rive;, the .
lcess thinned as Y = e=9.17 yhere Y = thickness and X =
distance in miles. At distances of less than two miles, the
equaticn could'underestimate loess thickness. This was asso-
ciated with sand piling off the flood plain of the river in
conjunction uith loess deposition. Observations which were
essentially restricted to road cuts vere unablelto.detect
loess thinning at distances greater than 13 miiés_avay from
the river. Krumbien®s work was later re-evaluated with the
addition of hénd'auge;ed thickness measurements (Smith,
1942) . This data waséfitted to an equation of the form Y = A
- B lcq X vhere Y = thickness, A and B are constants and X
egquals the distance from the river.

Applying the techniques of Smith to southwesternm Iowa,

two traverses vere established for study which were felt to
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follow distributional patterns (Hutton, 1907).' Traverse 1
began ten miles inboard of the loess bluffs dloné the
Missouri River and had a distributional thickhess equation of
Y = 1250.5 - 528.5 lcg X. Traverse 2 began at the bluffs.
From 0.1 to 6Q88 riles from the base of the first loess
'bluff, thickness was described as Y = 1100 - 325.8 log X.

The rerpainder cf the traverse, up to 86.7 niles,fron the
blhffs, was described as Y = 810 - 343.6 log X. The equation
for the first part of traverse 2 did not fit the data well.
The difficulties encountered in quantifying this area
depositionally were attributed to extrermely active erosion in
the bluff area coupled with the inability to.bore'deeply
enough with hand equ;pnent for accurate thickness measure-
pents. Tvo additional traverses were studied.in southvestern
Iowa and produced equations cf the same general form to de-
scribe loess thickness patterns (Ulrich, 1950).

Ruhe (1969a) utilized the equations developed by Hutton
(1948) to desdribe the entire southwestern Iowa loess‘prov-
ince, but described fhe loess thickness along the Rock Island ’
Railroad from Bentley to Adair, Iowa, with thé'équation Y =
1/(9.51 x 10~¢ + 7.99 x 10—-S X) where Y is loes$ thickness
and X is distance. This equation is a marked“dépérture from
previous equaﬁiqns but the 50 railroad cuts studied were not
aligned with loess distributional patterns. this'current

study was laid out tc follow more precisely the loess
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depcsiticnal'pafterns of southwestern Iowa as defined by
loess thickness patterns.

Esgshss.igs-zgg.eé.ia-shw

At the timé of loess deposition, it may be assumed from
its mode of f:anSport, the material was in a chélically
oxidized'form and furthér, that it contained calcium and mag-
nesium carbonate minerals. The loess has not, however,
renained cospletely unaltered. Aside from the pedogenic
affebts aprarent on the surface, certain ueéthering zones are
ockserved in the loess.

Geologically speaking, the soil solum reprgsents the
uppermcst portion of a sequence of chemically and physically
distinct veatherinq zones (Ruhe, 1969a). TheSe‘ieatherinq
zcnes are defined on the basis of the presence or absence of |
calcium and magnesium carbonates and the form and distribu-
tion of iron within the matrix. The carbonates are deter-
rined simply by effervesence with HCl and the iron form and
distribution pfinarily by color. Six weathering zones hdve
teen described in loess although all zones may not be present
at any one location (Ruhe, 1969a).

| Generally, on flat or slightly rounded sﬁﬁmits and in
thick loess deposits, the oxidized and leached zone immedi-
ately underlies the soil solum. It is characterized by the
aksence of carbonate materials and a yellowish'ﬁréwn matrix

colcrs. The implication is that the iron is in an oxidized
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fore and unifbrmiy distributed throughout the matrix. 'The
free iron contént, as determined by sodium hydrosulfite
extraction, has been determined between 1.5 and 3.5 percent
(aniels et al., 1961). The oxidized and unleached zone has
simiiat mattix'dolors and ircn content but effervesence with
HCl indicates the‘presence of carbonate-minerais. Secondary
calciui carhonaté concretions, referred to as'"loéss
kindchen" commonly occur in the unleached loess along with
fossil gastropod §hells as previously ncted (Shimek, 1931).
Leoxidized and leached zomes lack carbonates. The matrix
color is light qfay in which vertically criented iron oxides
in the form of tubules or pipestems cccur. The free iron
cxide content of the matrix is from 0.3 to O.GIpetcent while
that of the pibestems commonly ranges from 9 to 26 ﬁercent
(Caniels et al., 1961) . The deoxidized unleached zone is
similar in sorphology to the deoxidized leached zbne and car-
bonate minerals are present. The unoxidized leéched zone is
dark gqray, blue, bluish green or green colored and is devoid
of carbonate minerals. The irom is unifcrmly distributed
thrcughout the matrix and exists in the reduced state. The
unoxidized and unleached zone is similar in norpholoqy and
contains cartonate minerals. Where the unoxidized zone
exists in the loess, it invariably occurs imnediately super=-
jacent tc the Kansan surface and may contain considerable

organic carkton or wocd fragments which have been used for ra-
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diocartcen dating.

It has been suggested that the deoxidized zone is a
relict feature (Ruhe and Scholtes, 1556). Its morphology in-
dicates a previous ccndition of reduction and translocation
of iron as a result c¢f prolonged water saturation or gleying.
The deoxidized zones ccnform to the underlying, impermeable
surfaces but not to the present surfaces. In southwestern
Iowa, a hillslope truncates the deoxidized zone, A radiocar=-
bcn sample one foot deep in the alluvial £ill at the base of
the slope was dated at 6800 Y. B. P. It follows that since
this surface truncates the deoxidized zone, it must be older
than the surface itself. The deoxidized zone itself
transqresses two distinct faunal zone assemblages (Ruhe and
Scholtes, 1955). Since the fauna are contemporaneous with
loess deposition, the deoxidized zcone must be a post-
depositional feature and must have formed between 14,000 Y.
B. P., the cessation of loess deposition, and 6800 Y. B. P.,

the age of the surface which truncates ite.
Pedologic Background

Loess derived scils occur in a repetitive pattern on the
landscape and, since loess has a certain inherent regional
uniformity, these patterns exhibit a certain degree of
universality. This functional relationship was first de-

scribed as belts of soils parallel or subparallel to major
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river valleys (Norton, 1933). Nearest the source area where
the loess is thickest, the first belt soils were
characterized ty a dark, granular surface, a little
discernitle zcne of clay accumulation and a very high percent
base saturation. The second belt soils had dark granular
surfaces grading into the subsoil. A barely perceptible zone
of clay accumulation existed which lead to indistinct hori-
zonation. A moderate base saturation percentage was associ-
ated with this belt of soils. The surface of the soils in
the third belt was dark but with a slight grayish cast.
These soils exhibited a definite zone of clay accumulation
and sharp horizon boundaries. These third belt soils had
moderate to low percent base saturation. The soils of the
fourth belt had a non-granular, brownish~gray surface grading
into a heavy zone on plastic clay accumulation, well devel-
ored structure and sharp horizon boundaries. These soils
were base unsaturated. In the fifth and final belt, the
soils had a friable, gray surface and a gray subsurface. The
subsurface had a heavy zone of plastic clay accumulation and
sharp horizon toundaries. These soils were highly base un-
saturated.

Similar observations were compiled by Simonson imn 1943
for Iowa but the work was never published. Simonson con-
structed a complete soil asscciation map (Appendix A) for the

state including the southwestern lcess province. The mor-
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phology of the soils in each of the five belts reflects the
soils describted by Norton (1933). The most recent soil
association map Of Icwa was published in 1965 (Oschwald "

" et al.).
In light of the earlier described series of soils,

Krumbein®s gquantification of loess thickness, and other stud-
ies of loess derived soils (Bray, 1934, 1935, 1937), Smith
(1942) undertook to assemble and analyze data on the loess
derived soils cf Xllinois to propose an explanation of the
reported differences. Hutton (1947, 1948) and Ulrich (1950,
1951) and Ulrich and Riecken (1950) followed Smith's lead and

cenducted similar studies on the southwestern Iowa loess

province.

The effective age_concept

Smith's work in Illinois in 1942 was a pioneering study
attempting to f£it soil characteristics tc parent material
distribution and derive an explanation for the observed
functional relationships. He found that soil develorment, as
reflected in morpholcgy, increased away from the source aréa
with decreasing loess thickness as previously noted (Norton,
1933). Furthermore, both mean particle size and the percent
of coarse silt (50 - 30u) decreased with increasing distance

away from the source area. Conversely, the amount of fine
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silt (20 - 10 u): increased with inCteasind distance (X) as Y
= A + B log X.. Also, the percent calcium carbonate . egquiva- -
lent (C) decreased with distance (X) as C = A - B (1/X) .

Tc arrive at an explanation and description of the ob-
served differences in the soils of a loess province, Smith
(1942) eﬁployea ﬁhe depth of leaching of carbonates. On the ,
basis cf palentological interpretations, ﬁhe existance of
arboreal vegetétion during lcess deposition vas postulated, |
Ihereforé, thé amount;of leaching of calcium carbonate under
arboreal vegetation was used as a measure of weathering since
the cessaticn of depééition. The depth of leaching times the
calcium carbonate equivalent of the layer immediately ~
underlying the leachéd zone provided a measure of ;enovai.

The average value of;a large number of samples was found to
rerresent a léyer of calcium carbonate particies 17.7 £ 0.5
inches thick removed since the close of loess deposition.
This vas assigned a relative value of 1.0 time units. The
weathering since depcsition was equated to leaching losses
under prairie veéetaticn and vas found tc represent a layer
cf calcium carbonate particles 11.8 inches thick. The total
thickness of calcium carbonate removed during and since loess
depcsition would ke a layer 29.8 t 3.0 inches thick. The
ratio cf leaching losses during deposition to the losses
since deposition is 1.7 time units. The thickness of the

solum was then related to the thickmness of the loess as a 30
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inch sclum in 300 inches of loess, 30/300 or 1/10. The rela-
tive effective age of this soil would be 1.0 time units,
leaching during deposition, plus one half the.tine required
to deposit the upper 1/10 of the loess or 1.0 + (1.7/10 x
1/2) = 1.1 time units. If both the solum and the loess vere
30 inches‘thick,'the effective age would be 1;0 + (1.7 x 1/2)
"= 1.85 time units. This forms the basis of the widely
accerted effective age concert.

A necessary qualifying assumption made in this explana-
tion was that at all places during loess deposition, the rate
cf accupulation was uniform. Where the loess is thick then,
the rate of depositicn greatly exceeded the rate of leaching
and the soils'effectively weathered only since deposition
ceased. Where the loess is thin, the rate of veathering ex- !
ceeded depositional rates and the soil has effectively
ueathered'both during and since deposition. This described
the differences morphologically observed and gained wide
acceptance. x |

Follouing'this exceptional picneering work, Hutton
(1548) worked on the loess of southwestern Iowa. Again,
uniform rate ofAdeposition vas assumed. At all places.along
Hutton's traverses, time since deposition ceased wvas assumed
the same, T1 time units. Where a 30 inch solum was developed
in 600 inches of loess, the solum was deposited in 30/600 or

1720 of the total time of loess depositicn, T2.. The effec-
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tive age here%ﬁould equal T1 +T2/20 = 1.0 time units. Where
the solur is again 30 inches thick but the loess only 90
inches thick, the solum would represent 30/90 or 1/3 of the
time of deposition. The effective age uould.bé'T1 + T2/3 =
6.24 tire units.

Thié wcrk was supported (Ulrich andvaiecken, 1950) in
southvestern Iowa on two similar traverses. Inm éddition to
support for Hufton's work, the amount 6f clay in the horizon
cf maxiwum accumulation was foumd to increase uith distance
as did volume veight. Total and aeration porbéi@y and
rermeability decreased with distance away froh the source
area. In 1908, Ulrich published data tc show a functional
relationship between several chemical characteristics of
soils of southvestern Iowa along the loess distributional
pFattern.

Travelling southwestward away from the Hissoﬁri River in
Kansas, Hanna and Bidwell (1955) suggested that'the change in
the soils was a:resuit of the increasing perceﬁt of fine size
fractions in the loess pdrent material with distamce. This
study was restricted to a traverse only 24 niles.long.
Assuming that the clay content of the B and C horizons is a
sedimentologic feature, percent less than two micron clay was
related to distancé (D) as the clay content of the B horizon
= 22.2368 + z1.3544 log D and the claf content of the C

horizon = 14.2893 ¢ 19.1490 log D. The correlatioh,coeffi-
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cient cf both these equations was 0.97 indicating an excel-
lent fit of the data. Ruhe (1969a) has re-examined this data
and seriously questioned its interpretation.

Bray (1934) concluded that two types of secondary
minerals were formed and redistributed during weathering
rrocesses. The first of these was the occurrence of ferro-
manganifercus oxides as both soft, blotchy mottles and as
hard concretions. The amount of these present increased with
degree of develcpment under either acid or alkaline condi-
tions. The second set of secondary minerals to form were the
silicate minérals.

Host of the seccndary silicate minerals which Bray
(1934) examined were less than one micrcn in diameter and
mineralcgically £fit into the beidellite series. He felt that
most of the minerals were formed by weathering before the re-
moval of carbonates. He further felt that the differences in
the soils he worked with were because of differences in the
formaticn of clays, breakdown to smaller particles and
movement and subsequent accunulation of clays within the
profile. A later study (Bray, 1937) revealed that the most
mobile clay fractiocn was less than 0.06 microns diameter.

The movement and accumunlation of this fine clay was what re-
sulted in the claypan formation of strongly developed soils.
Moreover, movement of this clay was a result of dispersion

and redistribution within the profile by percolating water.
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Beavers et'él. (1955) reported that the primary clay
mineral presént'in prairie derived lcess soils was
ucntnotillonite‘and further that this nontmorilldhite had not
keen materially altered by the processes of soil‘development.‘
In contrast to Bray (1934), Beavers interpreted the presence
of this minerél throughout the profile, and even in calcare-
ous loess, as an indication of its stability. 1If thié inter-
rretation was correct, then the montmorillonite would have
teen present in the loess when it was deposited.

The origin of the montmorillonite in the‘ldess has been
the subject of much debate. Beavers (1957), who said it was
a lithoclogic property of the loess, attributed its origin as
a result of electrostatic attraction Letween clay particles
and larger silt particles. Cléy rarticles have been reported
to exist as coatings on coarser particles within the south-
vestern Iova loess deposits (Davidson and Handy, 1954) and
that this clay wvas mcntmorillonite. A study of ﬁhe soils
therein resulted in the idea that the major soil forming
[rocesses active were cationic eluviatiocn and the formation
and redistribution of clay within the soil profile (Hutton,
1948) . Most of the movement was in the less than'0.0G micron |
size f:actioh, éone rovement occurred in the 0.06 to 0.20
micron size fraction and none in the 0.20 to 2.60 micron

fraction. The clay was of the
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rontmorillonite-nontronite-illite *ype with little kaolinite
rresent. This is in agreement with Bray (1934, 1937).

Ulrich (1949) ccncurred with Hutton (1948) with respect
tc clay translocation. He went further and stated that fine
clay formed at considerable depth in the subsurface. With
time and increasing amcunt of development, the zone of maxi-
mum clay accumulation approaches closer to the soil surface.

In agreement with Beavers et al (1955),Jackson (1959) stated
that moderately weathered prairie derived soils were general-~
ly high in mcntmorillonite type clay minerals. A portion of
this clay was ascribed to a lithologic origin but a large
roertion was probably weathered from micaceous minerals .

Glen et al. (1960) state that most of the montmorillonite in
loess s0ils is formed from weathering of micacecus minerals.
It was shown that this weathering could take place prior to
the leaching of carbcnates, this in agreement with the
earlier work of Ulrich (1949), and in fact, that
acidification only served to accelerate the reaction.

Whiteside and Marshall (1944) examined the mineralogy of
soils formed in loess. They found that coarse clay sizes
were primarily quartz, feldspar and a mixture of kaolinite,
jillite and montmorillonite type minerals. The medium size
clay fraction was mostly montmorillonite, iilite and kaolin-
ite type clay minerals. The fine clay fraction, less than

0.1 micron, contained some illite but was mostly
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rcntmorillonite. They concluded that one result of soil for-
mation was the production and redistribution of élay minerals
which vere less than 0.5 microms in diameter.

Whiteside states conclusively that weathéting in the
clay size fraction cf loess derived soils is restricted to
the alteration of micaceous minerals to form partially or
completely expanded vermiculite or montmorillomite type clay
minerals.

In light qf improved field and laboratory tools and
rethcdology ahd with the advent of radiocarbon dating
techniques, the concept of effective age of loess derived
soils is subject to serious re-examipaticn. Tﬁé leaching of
carbonates itself is little understood and uould be
questicnable when uéed as a measure of time. Thé more accu-
rate placemeﬂt of the loess in southwestern Ioia stratigréph-'
ically and a more complete understanding of its chionology
allow calculaticn of depositional rates. Parent material
composition is little understood presentli as well as
disaqreement as to the mineralogy of the lcess. The logical
conclusion reached is that the reasons for the differences in
the soils of southwestern Iowa have yet to be completely and
clearly elucidated. It is hoped that this study will

. Frcgress closer to these reasons.
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INVESTIGATIONS

The earliest investigaticn of the relationship of soil
Froperties to loess distributional patterns was conducted on
two linear traverses in central Illincis (Smith, 1942).
Traverse 1 was established in a southeastward direction away
from the Illincis River and traverse two, south of traverse
one, travelled in the same general direction away from the
Mississippi River. The direction of these traverses was felt
to represent the direction of the prevailing winds during the
time of loess deposition. In other words, the direction of
loess thinning was felt to represent the direction of deposi-
ticn.

Hutton (1948), following the model established in
Illinois (Smith, 1942), estaklished two linear traverses in
southwestern Iowa. These traverses,number 1, 171 miles long,
and number 2, 90 miles long, extend eastward from the
Missouri River Valley to the Iowa-Missouri state line. The
difection was established by the reasoning employed by Smith
(1942) as representative of the directicn of the prevailing
wind during depositicn. To avoid confusion, Ulrich (1949),
numbered two traverses in southwestern Icwa numbers 3 and 4
since they were nearly parallel to Huttcns numbers 1 and 2.

The next quantitative study in scuthwestern Iowa (Ruhe
et al., 1967) was not established as a loess-soils relationmn-

ship study tut rather as an investigation of landscapes,
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soils and Pleistocene deposits. The study was conducted
alcng the relccation route of the Chicago, Rock Island, and
Facific Railroad and ran generally in an eastward direction
frcr Bentley to Adair in southwestern Iowa. Since this rcute
does not approximate distributional patterns, the relation-
ships observed between loess thickness, soils and distance
frcm the loess source are not too compatable with other stud-
ies. Major ccntributions were made in this publication with
respect to Fleistocene geology which have direct bearing cn
the interrretation of the soil patterns of the area. The
most recent and complete reviews have been presented by Ruhe

(1969a, 1969b) and include a critical examination of previous

works.

Field Study Area

The loess province of southwestern Iowa was chosen as
the location for this present study. As previously noted,
the area contains many of the type locations of Pleistocene
stratigraphy and has had a great preponderance of pedologic
investigation carried cut on it. The vast background of ma-
terial available made this area particularly well suited to
further investigation. The basal soil of the Wisconsin loess
has been extensively radiocarbon dated (Ruhe, 1969a, 1969b)
rroviding insight into the chromolcgy of loess deposition.

Several pedclogic investigations (Huttom, 1947; Ulrich, 1950;
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Fuhe, 1969a; Huddleston, 1969) provided background informa-

tion cn measureable systematic relationships.

Fesearch site locaticns

Previous investigations into loess~soil relationships
have employed straight line traverses felt to be representa-
tive of the vectorial properties of locess deposifion. The
Fresent investigation was established along a geographically
curvilinear traverse. The traverse originates:ip;vestern
Harrison County, Iowa and terminates 173.2 miles to the
scutheast in southern Wayne County, Iowa (Figuré 1. The
traverse was established to cross normal to previously mapped
loess thickness contcurs (Oschwald et al., 1965; Ruhe and
Schcltes, 195€). The traverse was oriented curvilinearly to
achieve a ketter representation of the lcess depositional
patterns. _

The traverse crcsses through five recognized soil asso-
ciation areas (Pigure 1). These areas togethe;.comprise a
continuum demonstrating an increasing degree of scil develop-
rent as reflected in soil morphology frca northvest to

southeast. The five soil association areas are (Oschwald et

al., 1965):

« Monona-Ida-Hanmkurg

« Marshall

« Shelby-Sharpsburg-Macksburg
4. Adair-Grundy-Haig

5. Adair-Seymour-Edina

W N) =

Individual £ie;d sites were selected along this traverse



32

(Figure 1). Since one objective of the study was
quantification of the loessial system, the selection of

geologically stable landscape positions was essential. Three

features were deemed necessary for establishment of landscape |

stability. The first criterion of selection was that the
site occur on a primary, upland divide between ﬁajor
drainageways in southwestern Iowa. Further, a dorth-south
crientation of the axis of the divide was necéssary since the
rajcr drainage of the loess province is primarily from north
to south. Finally, the summits, or divides, should have a
uniformly flat surface. This criterion of selection
rrecludes erosional stability as an influencing factor in the
measurement of loess thickness. A maximum slope of two
percent from the horizcntal defined the limits of summit
width.

With these criteria in mind, individual field sites were
selected along the traverse. The complexity of the loess
landscare restricted the actual site selection such that the
sites did nct cocincide exactly with the traverse line. The
areas were selected as close as possible to the line while
fulfilling the requirements for geologic stability (Table 1,

z and Fiqure 1).



Figure 1. Map of southvestern Iowa showing location of the research area

The open triangles are radiocarbon secticns. The solid lines between associations
indicate abrupt boundries. LCS is Luton-Cnawa-Salix, MIH is Honona-Ida

Hamburg, M is Marshall, SSM is Shelby-Sharpsburg-Macksburqg, AGH

is Adair-Grundy-Haig, ASE is Adair-Seymour—Edina, L is Lindley-

Keswick-Weller, CNW is Clarion-Nicollet-Webster, TM is Tama- Muscatine, O

is Otley-Mahaska-Taintor, C is Clinton-Keswick-Lindley soil association
areas
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Table 1. Location of individual field sites

- - - e cm - ———

Site No. County Location

02 Harrison NW1/4 SE1/4 sec. 27, T.79N., R.U2W.
03 Harrison SE1/4 NE1/4 sec. 12, T.79N., R.U1H.
04 Shelby SW1/4 NW1/4 sec. 28, T.79N., R.38W.
05 Shelby SE1/4 NW1/4 sec. 24, T.87N., R.37W.
06 Adair NW1/4 NE1/4 sec. 10, T.77N., R.33W.
07 Adair SW1/4 SW1/4 sec. 31, T.77N., R.30HW.
08 * Madison SW1/4 NW1/4 sec. 31, T.75N., R.29W.
09 Onicn NE1/4 SW1/4 sec.4, T.73N., R.28W.

10 Clarke SE1/4 NW1/4 sec. 12, T.71N., R.26W.
1 Decatar SE1/4 NEV/4 sec. 15, T.70N., R.24W.
12 Wayne SH1/4 NW1/4 sec.e 25, T.69N., R.23W.

13 wayne SW1/4 NE174 sec. 3, T.67N., R.21W.
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Table 2. Pield site characteristics

site no. distance from ave. depth, ave., width, so0il series

scurce, miles inches feet

2 11.7 606 175 Monona

20.5 538 254 Monona
4 34,7 353 518 Marshall
5 47.8 282 518 Minden
6 68.4 187 621 Sharpsburg
7 84.4 165 684 Macksburg
8 95.5 158 732 Sharpsburg
9 116.2 142 878 Winterset
10 136.7 111 1295 Haig
1 148.5 100 1744 Edina
12 160.5 93 - 1685 Edina

13 173.2 77 1619 Edina
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Field peasurements: Supmit width and_loess_thickness

The width (W) of the stahle primary diviée summits of
the southwestern Iowa loess frovince has been observed to in-
crease with distance (D).avay from the Missouri River Valley
scurce area as W = 0.019 + 0.0076D (Ruhe, 1969a). Thié"4
quantification bf summit width variability was arrived at
frcn measurements made on large scale, 50 foot contour inter-
val, U. S. Geological Survey maps. After selection of‘the
sites fcr the present study, width measurementé vere made by
transit survey at the site. Stereoscopic pairs of aerial
photographs of the area around each site-uere‘thén viewved
stereoscopically and further measurements vere made directly
from the photographs. It was noted during measurement of the
aerial photographs that the edges of the summits were
asyrmetrically crenulated along the entire observed length.
In several inétances, particularly in the thick loess area of
western Iowa, the supmits were discontinuous.’ fhe result of
these crenulations and discontinuities was a wide range in
the width measurements along the length cf any particular
summit.

Loess thickness measurements were made using a Giddings
hydraulic scil coring machine. The thickness of the loess
vas measured from the ground surface to the contact between
the loess and the underlying Fleistocene méterialé. The

boundaries were easily identified by the dark-gray basal soil
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cf the Wisconsin loess and its associated black carbon
flecks, by structural and textural changes and by a change in
the consistence from friable or sticky loess to.firm or very
fira paleosols. Where exact measurement was difficult or
tenuous by direct field observation, laboratory‘aéta was em~
ployeé as differentia. |

Several depth measurements were made from west to east
across €ach site. Ccnsistent depth peasurements across the
sumrit served to indicate erosional stability of the site.
Morphological deScription of the materials encountered (Ap-
tendix PB) aided in definition of the subsurface zonation in
the lcess and esfablished the configuration of the underlying

paleosclic Pleistocene surface.

Gechydrclogic investigations

Some of the earliest investigaticns (Bray, 1934, 1935,
1937) intc the loess provinces of the midcontinent suggested
that subsurface moisture could play an important role in socil
development. It was observed that the slowly permeable
Illinocian till underlying the thin loess of central Illinois
could have a restrictive effect on drainage (Bray; 1937) . It
was suggested that this could influence the relagiﬁe rate of
scil develofpsent, more moisture leading to a greager degree
cf soil development. Smith (1942) tended to discourage this

ccncept in favor of the effective age concept. He restricted
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the influence of subsurface noisture to its effect on plant
growth and subsequent recycling and removal of bases and the
accumulation of orgaric matter. When applying the effective
age concept to the southwestern Iowa loess province, Hutton
{1948) suggested that a high water table might exist in the
loess above the gumbetil. The presence of a high water table
in association with higher clay contents of the loess and
loess derived soils far from the source area would be
ccnducive to more moist conditions during soil development
and at present (Huttca, 1948).

The existence of ground-water tables perched on the
dense paleoscls underlying the loess was based on incidental
observétion and thus not strongly considered as ah
influencing factor. Ruhe (1969a) discussed in considerable
detail the implications and possible significance of this
perched ground-water table. In his discussion, he utilized
Ulrich's porosity data (1949)and rainfall data to calculate
possible heights of ground-water zones in the loess. Since
the thickness ¢f the loess, and hence the depth to the
paleosol, decreased with distance, the ground-water table
came closer to the surface, and indeed into the soil solun
further from the loess source area. These stratigraphic im-
plications in association with the topographic conditions of
wider summits and decreasing local relief lead Ruhe to pro-

pose that the more mcist conditions further from the source
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area were very important in soil develogrnent.

On the basié of the historical development 6f ground-
vater considerations and the re-emphasis given by Ruhe
(1969a) , ground-vater table measurements wvere deened essen-
tial to an explanation of the possible influence.of grqund-
vater cn soil develofment in the southwestern Iowé loeés
p:ovince. This phase of the investigation takes;on particu-
lar significance wvhen the radiocarbon chronology of the loess
as developed in Iowa (Ruhe, 1969a) appears to be contradic-
tcry tc the presently accepted effective age concept.

Six of the summit sites wvere chosen for detailed
~gechydroclogical investigation (Figure 1). The sites were
chosen to cccur in the middle of each of the Soil association
areas crossed by the traverse. However, since the
Shelby-Sharpsburg-Macksburg soil association area is ex-
tremely wide where the traverse crcsses through it, two
sumrits were chosen to occur approximately one third of the
width of the area from each boundary. This equally divided
the area and maintaired nearly uniform hydrologic site
spacing across the traverse.

The hydraulic scil coring machine was used to drill a 1
3/4 inch diameter hole as clcse as possible té the center of
each of these six sites. Black steel pipe, two inches in
diameter was driven down these holes wvith a.stahdard, 140

Found hammer as described by Spangler (1960). Drive points
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were constructed for the casings of the same pipe. Four
slots were cut back with an acetylene torch six inches fronm
the end. The pipe was then heated and the pecint pounded
closed and tapered. Six inch slots were cut in the wall of
the.pipe in a spiral pattern extending back two feet from the
point. This provided a closed, tapered point to facilitate
driving the casing and six ofen slots in the wall of the
casing for free water access to the interior of the well.

The casing was assemkled as it was driven down the predrilled
hcle and driving was stopped when the casing was at the
surface of the underlying material.

With the casings thus constructed and driven to the
thickness of the loess, the level of any zone of saturation
in the loess and above the underlying paleoscl would be
reflected by the water level in the casing. To record this
water level, Stevens model F-60 water level recorders wvere
installed on each well (Fryrear, 1969). This provided
continuous monitoring of water table fluctuations throughout

the calendar year and at each location of differing loess

thickness simultaneously.

laboratory Methodolcgy

One core from each field site was saved for laboratory
analysis. These cores were selected from the center of each

summit to ke representative cf the entire summit as deter-
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mined by the drillimgq program previously described. Each
core was subsampled in five inch increments or by morphologic
differences which ever was smaller. Aafter air-drying, all
samples were ground in a non-ferrous grinder to pass a 2nm

sieve and saved for analysis.

Mechanical analysis

Particle size distribution of the air dry, <2mm samples
was determined by a modification of the method of Kilmer and
Alexander (1949). A 20 gram sample was placed in a 100 ml
teaker and moistened with 20 ml of distilled water. The re-
sultant suspension was allowed to equilibrate for 30 minutes
with occasional stirring and the pH measured by a glass
electrode. The suspeéension was then transferred to a pyrex
baby bottle and diluted to 100 ml. To this was added 10 ml
1% acetic acid and 20 ml 30% hydrogen peroxide. The mixture
was heated slowly on a sand table and finally boiled
vigcrously tc remove the excess hydrogen peroxide not re-
quired for the oxidation of crganic matter. Twenty ml
Calgon=sodium cgrbonate solution was added to the suspension
and it was brought to 150 ml volume with distilled water for
shaking overnight on a reciprocating shaker. Following this,
the suspension vwas transferred to a 1000 ml cyclinder and
brought to volume with distilled water. The samples were

vigorously stirred by band in the cylinders and pipetted in
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the Wentworth {1922) scale at settling times calculated from
the nomographs cf Tanner and Jackson (1947). The size scale
was podified to include finer fractions. The finest frac-
tion, < 0.5 micron diameter, was separated by centrifugation
of'a sample pipetted from the cyclinder at the time of the
final 0.5 to 1.0 micron sampling. The sand fraction was col-
lected by washing the entire coatents of the. cylinder

through a 61 micron sieve after all pipetting was completed.

Determinaticn_of carbon_distribution

Calciur carbonate was determined by the method of
gravimetric loss of carbon dioxide (Richards, 1954). Five
grans of air-dry soil was added to a weighed 50 ml erlenmeyer
flask containing 10 ml 3N hydrochloric acid. A stopper was
set loosely in the flask and the contents gently swirled and
set aside until effervesence ceased. The reaction was usual-
ly complete in one hcur at which time the flask, stopper, and
ccntents were weighed to determine the weight loss. A blank
correction was made to compensate for evaporative losses and
the calcium carbonate equivalent was calculated.

Total carbon was run by the Leco 70-second carbon
analyzer method (Tabatabai and Bremner, 1970). The instru-
ment used was a Leco Model 521 high-frequency induction
furnace connected.to a Leco Model 750 - 100 automatic 70-sec-

ond carbon analyzer. A 0.25 gram sample of air-dry, < 2 mn
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soil was placed in a Leco #528-035 crucible and covered with
cne scoofp (ca. 1 gram) of iron chips (Leco #501-077), one
scoop (ca. 1 gram) of tin (Leco #501-076) and one scoop cf
tin-coated copper (Leco #501-263). The accelerator treated
sample vas analyzed according to the instruction manual for
the instrurent.

Rube (19693)-re;orts that, in the thick loeés of south-
western Iowa, the organic carbon éontent of the loess is only
a trace. Morphologic descrigption of the loess (Appendix B)
indicates from color changes that orgamic carbon is
restricted to the solum and leached pcrtion of the loess both
above aﬁd below the calcareous material. Therefore, the
total carbon analysis of the leached loess was intergreted as
crganic carbon»aﬁd the calcium carbonate equivalent deter-
mined in the calcareocus loess vas interfreted as the total

carton content of that material.

B e e =P P TP

Cetermination_of free iron_and manganese

Free ircn and free manganese wvere deterninéd by atonric
absorption spectrosccpy from extracts prepared according to
Hclrgren®s method (1967). Four grams of air-d:y, < 2 mm scil
was weighed into'a pyrex baby bottle. Two grams of sodiun
dithionite, 20 grams of sodium citrate and 150 ml distilled
water were added and the mixture shaken overnight on a

reciprocating shaker. Ten drops of 0.2% solution of
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superfloc was added and the volume adjusted to 200 ml. After
a 30 minute settling time, 4 ml of supermatant was pipetted
into a 100 ml volumetric flask. This was brought to volume
with distilled vater and the solution saved in a 2 ounce.
rlastic bottle for analysis. Standards of 2, u,IG, 8, 10, 12
and 20 ppm iron were prepared from pure iron fire. The
samples were analyzed on a Perkin-Elmer atomic absorption
spectrophotometer. The reading from the instrument was con-
verted to ppnm ifon from the standard curve and to percent
free iron by multiplying the pém iron by 0.125.

For the free manganese determination, a 25 ml aliquot of
the extract was pipetted into a 100 ml volumetric flask and
trought to volume with distilled water. The salples were
saved in 2 ounce plastic bottles. Manganese standards were
p:epaied from pure manganese metal in concentr&tions of 1, 2,
3, 4, 5, 6, 8, 10 and 12 ppr. The readings from the atomic
abscrption instrument were converted to ppm from the standard

curve and tc percent free manganese by multiplying by 0.02.
Mineralogical_analysis

In accordance with previous investigations,.the
mineralogical investigations were conducted on the size frac-
tions suspected of showing alteration due to weathering. The
sand size fraction, > 62 microns diameter, was examined for

the cccurrence of secondary ferro-manganiferrous concretions
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{Bray, 1934) and the clay size fractions, < 2 microns
diameter, for silicate mineral distributioan and alteration.

The sand-size fraction cobtained from sieving during
zechanical analysis was saved for optical observation. Low
vagnificaticn stereo-microscopic grain counts were made on
loose, dry material spread in a counting tray. A minimum of
350 qrains were counted in each sample. Secondary iron-
manganese concretions were identified as rounded, reddish,
yellow, black cr brown concretions. The surface of these
concretions exhibited a dull, non-metallic luster with no
Freferred fracture evident. The remainder of the sand-size
grains exhilkited a vitreous or adamantine luster and distinct
cleavage. These minerals were considered to be primary
minerals and as such, part of the depositional system. Where
evideﬁt, mica, also considered a primary mineral, was counted
seperately.

The analysis of the silicate minerals in the clay size
range was conducted by X-ray diffraction methods. Twenty
gram samples of soil were treated exactly as samples prepared
fcr mechanical analysis. Samples were pipetted at 2 micron
diameter limits. Twc 25 ml samples were combined and stored
in 1% fcrmaldehyde sclution to retard microbial growth during
storage. Separation intc three size fractions, < 0.5
gicrcns, 0.5 to 1.0 microns and 1 to 2 microns diameter, was

acconplished by centrifugation. The resulting fractions were
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rcunted on porous ceramic plates under vacuﬁm to give
oriented'moupts. The nount was then leached thtee times
with 1N magnesium chloride to magnesiunm saturétekthe exchange
complex and provide diagnostic diffracticn diaqrams. Excess
salts were removed by leaching these three times with dis-
tilled water. The mcunts were then air-dried and glycerol
solvated. A General Electric XRD-6 X-ray diffractometer was
used with ccpper radiation for analysis of the mounts. Diag-

nostic diffraction peaks were identified from the tables pre-

sented in Brown (1961) .
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BESULTS AND DISCUSSICN

It vas realized from the outset of this investigation
that a uultidi;ciplined approach was necessary to evaluate
the interrelated complexities of the southwestern Iowa loess-
soil system.v The fields of pedology, gecmcrphology,
geochronclogy and gechydrology formed the basicifbundatiqn
for the study and were supplemented by many cther areas of
specializaticn,ﬁhere necessary. Since one objective of this
study was quantification of the loess system itself, field
study methods were rigorously employed to define the physical
system cn the present landscare. These methods were suppbrt-
ed and conmplimented by laboratory analysis. The final inte-
gration of field and laboratory data was used to gquantita-
tively define the natural system invclved. The general ap-
trroach tc the study then has been from the initial field
study to the laboratory and finally a fitting of the products
cf the first two phases back to the naturally éccurrinq

systen cf loess-soil-landscape, inextricably intérrelated.
Field Measurements

The field investigation phase of this study has been de-
scribed in detail in the preceding chapter. Since the entire
study wvas conducted on a natural system, it vas essential
that the occurrence cf this system on the landsdape be care-

fully investigated. This involved evaluation of geomorphic,
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stratigraphic, geohydrologic and pedologic conditions and the

interrelationships btetween then.
Geomorrhic and chronoclogic relationmns

The geomorphic setting for this study vas a series of
rrimary upland divides between major drainageways in south-
western Iowa. Each site vas chosen, as previously described,
to represent the distributional thickness of the loess with
pinimal cr no erosional modification of that section of the
landscape. Since each site cccurred with less fhan tvo
fercent slope from the horizontai, it vas felt that erosional
removal of loess would be negligible. A series of transverse
supmit width measurements with very little deiiation from
mean measures verified these assumpticns concérninq stabili-
ty.

Summit width was measured as previously discussed by rod
and tramnsit survey and stereoscopic measurement on aerial
rhotographs. While locating the field sites and when making
width measurements, it was observed that, in the area of
thickest loess accumulations near the Missouri River Valiey,
the divides were asymmetrically crenulated and in many in-
stances even discontinuous. This appears to be the result of
erosion and not deposition. The present surface of these
side slofes ttuncates weéthering zones in the loess and must

therefore be post—-depositional surfaces. Eastvard from the
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source area, there are fewer disccnfinuities but the .
assymetric crenulation of the edges of the divide sunmmits
remains evident.

The width of these summits was regressed againmst i
distance from the source area (Figure 2). A positive corre-
laticn coefficient of 0.9076, significant at thevone percent
level, indicates a close relationship between summit width
and distance. The regression equaticn explains 83 percent of
the variability encountered in the data.

Observations of many road-cuts in the research area pro-'
vided scme insidht into the increase in suamit width and !
distance frca thé uissouri River Valley. Nearest the valley
where the summits are narrow and rounded, local felief is
great. The loess lies unconforhably on the paleosolic
surfaces thus obliterating this prefexisting.sutface and
reflecting only the influences of deposition and subsequent
modification by erosional prccesses. As distancé increases,
the summits become considerablj wider and assume the cénfigu-
ration cf the underlying paleosolic sqrfaces. The amount of
local relief appears to decrease and the summits become much
flatter. The combination of shorter slope lengths from
decreased local relief (Ruhe, 1969a) and wider and flatter
sumpits cbnld possibly decrease the apount ofverosional eher-
gy froo rainfall runoff. This could explain in part why

erosional modification of the landscape is more apparent in

)
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the thick loess areas. In addition, the distributional fea-
ture of increasing summit width would mean thét,‘in order to
erode away portions cf the wide, flat summits and creafe a-
discontinuous divide pattern, a considerably greater amount
- ¢f erosicn cver a horizontal distance would have to occur
than where summi£s are naturally hartov and tounded.‘

At the same time summits are beccming uidef, loess
thickness is decreasing systematically (Pigure'3); The
regression equation which best fit the data was a hyperbolic
function with a correlation coefficient cf -0,99@. This
equation explainé 98 percent of the variabiliif of the data.
Lcess thickness decreases very systematically with distance
avay from the source area. It should be enphésized that this
equation and the constants involved in no way expléin loess
thickness va;iation at all places. The equation fits the
data of this particular investigation and shows that
thickness is very systematic within the study'a;ea and can be
rredicted with éohsiderable accuracy along the traverse,

This equation is a marked departure frcm previous
guantifications of lcess thickness vhich vere esSéntially ex-
Fonential equations (Smith, 1942; Hutton, 1943; Ulrich,
1949). These previous investigatious emgloyed rbéd-cuts,
where availaktle supplemented by hand augering equipment to
compilebthicknessidata. The hydraulic soil coring machine

utilized in this study permitted many measurements at each



Piqure 2. Relationship between the width of stable primary divide sumnmits and
distance from the loess source area
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Figure 3. Relationship between the thickness of loess on primary divides and
distance from the loess source area
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carefully selected site on the landscape. Also, :the earlier
investigators ‘established straight line traverses felt to
represent depositional wind directicns. The dutyilinear
alignment of this traverse was based on loess thickness
contours and as such should be more representative of
depositional pafterns. The combination cf better representa-
tion of the vectorial properties of deposition  and more reas-
urements of loess thickness on carefully selected, and essen;
tially uneroded, sites lends a greater degree of gonfidence
to the present functional relationshigs derived between
distance and thickness of loess.

Previous assessments of the loess-soil-systems of the
mid-continent have become involved in estimation of the time
factor Lty meané of carbonate mineral remcval by leaching and
the degree of soil development as reflected in soil morpholo-
gy. Smith (1942) states unequivocally that both the time and
rate of loess deposition were uniform at all plaées vhich he
studied in Illinois. Both Hutton (1948) and Ulrich (1949)
ccncurred with this evaluation of time and all three
investigators arrived at the effective age concept to explain
differences in the lcess derived soils which they studied.
The aésumpticn of uniform rate and time of depOsition is es-
sential to the acceptance of this concept. The advent of ra-
diocarbon dating techniques permitted placement of the loess

system into an absolute time scale and resulted in the obser-
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vation of discrepancies between the effective age concept as-
sumptions concerning time and the actual values.

Many radiocarbon dates are available within the state of
Iova (Ruhe, 196%a). Several of these dates have been select-
edjfrOm previous works and supplemented by more from this
study to give a composite picture of loess deposition within
an absolute time framework. A total of fourteen dateé have
been employed to arrive at the relationship shown in Figure
4.

Where the loess of southwestern Iowa passes under the
Cary till of central Iowa, Ruhe and Scholtes (1956) have ra-
diocarbon dated the contact at 14,000 Y. B. P; This date
would mark the earliest time of Cary ice advance and similar-
ly, the latest possible date for the cessation of deposition
of the underlying Wisconsin loess. It follows from this
that, on the most stable positions on the loess landscape of
scuthwestern lIowa, that the surfaces can be no younger than
14,000 Y. B. P. This extrapolation must be carried
throughout the sduthwestern Iowa loess fprovince and applied
to’the stable summit positions chosen for this study.

The basal soil of the Wisconsin loess provides an
abundance of carbon for radiocarbon dating the initiation of
loess deposition (Appendix C). The relationship between the
radiocarbon ége of the basal soil and distance from the loess

source area is shown in Figure 4. The linear equation agrees
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with previous quantification (Ruhe, 1969a, 1969b)'but differs
in the constants. This equation is based on qore'obsetva+
ticns than earlier publications. The cortelaﬁi@n coefficient
cf C.62 is stétistically éiqnificant at the one percenf
level. The age of the basal soil, and conseguéntly the time
cf initiatioﬁ of'ioess deposition, can be calcﬁlated at
23,270 Y. B. P. next to the Missouri River Valiéy and at
18,320 Y. B. F. 175 nmiles away. Actual radiocarbon dates of
the tasal soil at these approximate locations are 23,300
550 Y. E. P. (I-5107) at the bluffs and 19,200 & 900 Y. B. P.
(I-1408) on the eastern end of the traverse. Thus, deposi-
tion of loess closest the source area extended‘ftom 23,270 to
14,000 Y. B. P., a period of 9270 years, and froi 18,320‘to _
14,000 Y. B. P;_17S niles'auay, a period of 4320 years. Sim-
ilar relationships can be calculated at different.points
along the traverse.

Contrary to the effective age ccncept, the age of the
lcess differs Qith distance and is in fact a time-
transgressing zone encompassing all of Farmdale and part of
Tazewell time units. Sedimentologically then, loess deposi-
tion aprears to have the characteristics of OVerlép. Under
these depositional conditions, successi&e younQer increments
of Wisconsin loess overlap previous increments and in this
manner, the basal soil must and does beccme younger with in-

cteasing distance from the source area. The established con-
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dition of sedimentolcgic overlap combined with radiocarbon
chronolcgy of the basal soil substantially refutes the
uniform age of loess assumption basic to the effective age
concept. | .

One other basic assumption made by Smith (19“2) was that
during‘depositiOn, the rate c¢f accumulation of the loess was
ccnstant at any pabticular poinf alcng a traverse. Ruhe
{(1969b) rresents radiocarbon dates from the basal soil and
from "dark bands" within the loess and from these calculates
fossible rates of accumulation. In southwesteth Iova, the
tasal soil was radiocarbon dated at 24,750 ¢+ 700 Y. B. P.
(I-3870) and a dark band containing 0.279 percent carbon 3.3
feet above this was dated at 19,250 + 400 Y. B. P. (I-3703).
Eetween these dated'zones, the rate of accnnulation was cal-
culated to be 0;6‘x 10-3 feet per year. Another bamd, 27.3
feet above the first was dated at 15,300 ¢+ 300 Y. B. P.
(I-4029). This produced a calculated rate of 6.9 x 10-3 feet
' Fer year, nearly a twelve-fold increase in rate. Obviously
then, rates of deposition and accumulaticn have varied over
time.

Mention should ke made at this time however of an error
in intergretation in the forementioned publicatioh. Sample
I-37C3 was collected from a single on-site drilling and was
interpreted as the basal soil with am overlying dark band.

Further drilling on this site indicated this to have been an



Figure 4. Relationship between radiocarbcn age of the basal soil of the
Wisccnsin loess and distance from the loess source area
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erroneous interpretation. Fiqure 5 presents the actual
system enccuntered as determined by drilling. Where this ra-
diocarbon sample was taken was in fact not a dark band as
they are normally defined (Daniels et al., 1960), but

rather appears to be a gully £fill on the pre-existing
landscape. If this is true, as it appears to be, then Ruhes!
interpretation of a period of landscape stability during a
period of non-deposition is in error. A more accurate evalu-
aticn would be slow accumulation of the basal soil as dated
at 24,750 Y. B. P. fcllowed by a period of erosional activity
vhich terminated at 19,250 Y. B. P. when deposition commenced
again. During this period of 5500 years, organic matter ac-
cunulated in the first loess increments, but these were sub-
sequently removed by erosion and were redeposited in this
case as a qully fill 3.3 feet thick. On the present land
surface and facing southeastward away from the radiocarbon
site, is a gully apparently controlled by a gully in the
raleosolic surface which is clearly exposed and evident
further down slope. The axis of the earlier gully and the
concurrent present gully align perfectly with the radiocarbon
site ‘on the summit. In light of this discussion, Ruhe?s rate
of accumulation of 0.6 x 10—3 feet per year must be seriously
questioned, even though the complete situation was not real-
ized until after publication of this data. However, his con-

clusion that rates of deposition were variable remains valid.
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In fact, pericds of non-deposition existed, in this case
even aécompanied by reriods of erosional activity,

The absence of the basal soil on side slopes has previ-
ously been interpreted as evidence of erosional activity
during loess deposition. It may now be stated rather conclu-
sively that during slow deposition of the initial loess in-
crements, there were periods of erosional activity during
which loess was strirped from the less stable positions on
the landscape kut this loess may have been in place long
enough to have accumulated considerable organic carbon.

Such errors in interpretation of radiocarbon sections
and indeed of much suktsurface exploration can‘and should be
avoided by intensive examination of the entire system under
investigation.

The final conclusion reached based on actual radiocarbon
dating cf the loess is that the basic assumptions emfployed in
derivation of the effective age concept were erroneous.
Therefore the entire lcess—soil system nust be re-evaluated
and placed in a more accurate chronologic and pedologic set-
ting. The remainder of this thesis will be devoted to this

rather ambitious undertaking.

Hydrologic_conditions

The equation in Figure 3 relating loess thickness to

distance from the source area similarly describes the rate of

approach of the underlying paleosolic surface to the present



Figure 5. Cross section of site number three showing leached

loess, calcareous loess, leached loess over the basal soil of

the Wisconsin loess (BWS) occurring as a gqully fill on the
: Sangamon paleosol
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surface. The e?istence of this palecsol has béen related to
a perched zone of ground-water in the overlying lcess
(Kunkle, 1968; Vreeken, 1968). These paleosols, in south-
vestern Iowa, Ate the Sangamcn paleosol extending eastwvard
approximately £S5 miles from the Missouri River'Vailey (Rube
€t al., 1967) and the Yarmouth-Sangamon paleosol, gumbotil,
under the remainder cf the loess eastward. Both of these
falecsols have heavy, clayey sola (Ruhe, 19695) and as such
create the rerched zcne of saturation in the loess. As the
loess thins and the fpaleosols concurrently becbie-closer to
the surface of the loess, any zone of saturation present must
also come closer to the loess surface.

The extent of these grouﬁd-water zones was monitored
throughout the pfesent study by the use of water level
reccrders installed on piezometric-type wells as described
€arlier. The locaticn of sites with vwells is shown in Figure
1. During the drilling phase of the field program, it was
observed that, with increasing depth into the loess and ag-
froaching the'paiebscl, there was a marked increase in the
moisture content of the loess. Immediately superjacent to
the paleosol in every instance, there did exist\a.zone of
saturated loess as evidenced by free water st#nding in the
dfill hocle. Careful observation revealed that‘thé underlying
raleosocl was in fact, relatively dry. Similar situations

have been reported in central Iowa (Kunkle, 1§68; Vreeken,
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1968) and suqqesﬁed for southwestern Iowa (Ruhe, 1969b). -

The results of two years measurements cam, in no wvay, be
considered as sufficient for hydrologic data iﬂtétbretation.
Houever,.measnrements vere consistent enough thtéuqhout this
reriod of time to permit ‘establishment of appargnt
qeomorphic-hydroloqic-stkatigraphic relationships. These
relaticnships até shown in Figure 6. Previous assumptions
concerniqg the uatér-table approaching the ground surface
-have been correct. The shape of the curve, although
loqatithmic, is.similar to the shape of the loess thickness
distribution curve. There is an obvicus relationship hetueén
these measuremehts as described by the regreésipn equation Y
= 0.0986X - 61.92 and shown graphically in Figure 1. This
eguation sStates that as the loess thickness (x) decreases,
the derth to the vater-table (Y) decreases. The standard de-
viation is $13.00 inches and a correlaticn coéfficient of
+0.9977 is siénificant at the one percent level. The equa-
tion acccunts fot 99,54 percent of the variabiiity of the
data. .

It can be calculated that if the loess of southwestern
Iowa reached a thickress of S t 1.0 feet, the water-table
would be Very nearly at the ground surface. On the eastern
end of the traverse, the underlying Yarnouth-Sanganon
raleosol outcrops high on the side slcpes and immedidtely

above it, a seepaqge zone normally occurs. This seep zone



Pigure 6. Relationship between depth to perched water-table and distance from
the loess source area
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Figure 7. Relationship between loess thickness and depth to perched water-—tabie
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would seem to Coincide with the calculated thickness neces-
sary to have saturation at or very near the surface.

Ruhe {1969a) developed several relationships between
properties of the loess-soil system and distancé from the
source area. Many of these relationships vwere best described
by tipartite functions. In each instance discuéSed, the
break in the curve occurred at a loess thickness of 160
inches, by the péesent thickness distribution‘equﬁtion, a
distance of 100 miles from the Missouri River Valley. One of
these relaticnships is that tetween distance aﬁd depth to the
deoxidized 2one, this zone approaching very ciose to the
rresent surface at a loess thickness of 160 inches. The

mcrpholcqicallexpression of the deoxidized zone'méy be masked

by the soil solum and therefore not apparent. Ruhe's (1969a,

1969b) interpretation of the deoxidized zone as a relict fea-
ture of a previous 2cne of saturation would appear to be
reasonable based on the hydrologic relationships_established
in this investigation indicating that the zdne of saturation
rises, at an average lével, to the base of the solum of the
scil at a loess thicknéss of 158 inches. Farther east along
the traverse, thé_uate&-table rises well into thé solum of
the so0il and in fact rénains in the solum throughout the
year.

At the same thickness of 160 inches, Ruhe (1969a)

repcrts a bipartite functicnal relationship between the clay

1
|
|
i
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size fractions in the B horizon and distance. Obviously,
this is coincident with the thickness of loess associated
with saturation 6: mcistening of the solum by ground-water.
The significance of this will be discussed in detail during
the following discussion of particle size distribution and
rarent material compcsition.

A multiplicity cf factors contribute to the height of
rise of the zone of saturation in the loess. These factors
also contribute significantly to the constancy of the level
cf rise as seen in the hydrographs in Appendix D. The
rainfall is essentially uniform across the loess province,
ranging from 30 to 34 inches annually from vest to east
(Ruhe, 1969a);i;These values are averages aad do not repre=-
sent any particalar year. However, it may be copcluded that
an average difference of 4 inches per year would not contrib-
ute significantiy to changes and differences in ground-vatet
reqimes across a distance of 175 miles. It is felt that
geomorphic, stratigraphic and sedimentologic factors exert a
greater influence. '

Given approximateiy uniform rainfall throughout the
lcess province; attention must turn to stratigraphy to
explain the existing zone of saturaticn. As prevoiusly dis- .
cussed, the raleosols are buried at less and leés depth by
the loess from.uést to east and can therefore be related di-

rectly to the ptesence of the zone of saturatiom as the
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stratiqgraphically identifiable, ippermeable barrier to deeper
qground-water percolation. The geomorphic conformation of the
sumnmits is another gajor conttibutihg factor. Pr§m uest’to

' east, the summits become wider and flatter. Rainfall
incident uron the slightly réunded, narrov sumrmits on the
vwestern end cf‘the traverse can produce as much runoff as in-
filtration (Beer et al., 1966). ﬁouever, rainfall incident
upon the very wide, extremely flat summits on fhe‘eastern end
has no real opportunity to runoff and essentially all the
rain must percolate into the loess. This water then remains
perched on thé impermeable paleosols. OCnce the water is
stored in the 1oéss, it has two opticns for renovél. The
first is by eyapotransporation. Where the loeSS is thick,
this can be excluded since plant roots would rarely if ever
reach the uatet tab1e and evaporaticn frcm great depths is
negligible. Hovever, where the loess is thin,
evapotransporation wculd be important. The second ofption for
rencval cf the perched water would be by lateral seepage.
Where the loess is thick, the summits are narrov and water
cculd mcve laterally QIonq a paleosclic surface.to form side
sloge seepage_iones. ‘ghese are observed in thick and thin
loess areas. Where th? loess is thin, however, the moisture
wculd have to travel g}eat diséances under a very slight
“hydraulic gradient. T%erefore, vhere the loess is thick, the

gradient would be qredtest and the lateral distance smallest.

|

!
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Where the loess is thin, the lateral gradient uqnld be small
and distances qteat.

Cne other factor, a combination of sedimentology and
pedclogic considerations would have a great influence on
water storage and sutsequent movement. From west to east in
the loess provinée, bulk density and capillary porosity in-
crease while aeration fporosity decreases (Ulrich, 1949).
Under the stratiqgraphic anad gebmofphic conditions enhancing
the accumulation of sater and influencing its aovemeng,}the
conditicns of decreasing aeration porosity and consequent in-
creasing capillary pcrosity would further restrict lateral
internal removal of sater.

The porosity of %he underlying paleosolic surfaces com-
tined with the sedimentologic and gecmorphic conditions of
the surpits can be seen to ccntrol the depth of the perched
water-table. This accumulaticn is further confoﬁhded by de-
creasing permeability and consequent increasing storage
capacity in thg capillary pore spaces. The reéult of these
characteristics of the loess province vas reflected in the
increasing height of the perched zone of saturatioh in the
lcess. The presence of this zone will be introduced later to
rlace emphasis on its occurrence and its significance in a
pedologic interpretaticn of the soathwestern Iowa loess prov-

ince and associated soils.
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Laboratory MNeasurements

The methodoloqgy employed in the laboratory has been

fully described and referenced in the preceding section. Thek
various determinations made vere selected to ¢haracterize the
soil and the loegs from which it developed ih additicn to

measuring changes in these materials frcm a sedimentologic

and pedoclogic standpcint.

Carton_di trihuti_g

The carbcn content of soils can te readily classified as
either crganic or incrgamic. 1In this study, the inorganic
carbon was considerec¢ to be essentially the calcium and mag-
nesiur carbonate which was reactive with hydroéhloric acid
and";as evolvéd'as carbon dioxide. All other carSon vas de-
termined by the Leco 70-second automatic analyier method and
was considered aé organic and as such associated with vegeta-
tion. i

Tatle 3 summarizés the organic carbon distribution data
given in Appendix F fdr the various field sites. The average
rercent organic carbon was calculated for the total depth of
material, tabulated i; column 2 of Table 3, which contained
detectatle amounts. This data is shcwn in Figure 8. 'The
distribution is adequately described By the regression equa-

tion ¥ = 0.9850 - 0.0028X where Y is the average percent



Table 3. Summary of otganic carbon distribution

Site C.C. in Surface Tepth of 0.C. Ave. 0.C. Loess containing

< in. % 0.C., %
2 1.79 36 0.85 5.94
3 2.90C 61 0.98 11.34
4 2.0€ 55 1.05 15.58
5 2.26 78 0.78 27.66
6 2.34 59 0.60 - 29.95
7 2.70 60 1. 15 36.36
8 1.77 49 0.73 31.01
9 2.40 46 0.75 32.39
10 2.09 52 0.55 46.85
1 1.98 27 0.59 . 27.00
12 1.59 38 0.74 40.86
13

1.39 49 0.45 63.64

LL




- Figure 8. Relationship between corn suitability rating (CSR) , percent organic
carbon in the loess and distance from the loess source area. CSR is represented by

. the solid squares connected by the dashed line and organic carbon by the closed
circles 3p4 the regression lire and equation
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organic carbon and X is the distance fron the'loess source
area. This equation, statistically significant at the one
rercent level, .explains 65 percent of the variability of the
data. This data fit demonstrates that the organic carbon
ccntent of the soils formed on the level divide_sunnits de-~
creases away from the loess source area. Close examination
of the data, hovever, reveals more subtle changes. The
organic carbon content of the soils near the Missouri River
Valley is low. It appears to reach a maximum value at a
distance of 35‘niles and then exhibits a generai-decline vith
distance. The notable exception is site number 7, 84.4 miles
avay from the source area. The soil series is Hackshurg.andv
this site vas observed to bé somevhat defressiomal. Appar-
ently this, cr some cther local factor, influenced the accu-
sulation of oréanic carbon at that site to suéh a degree that
it falls far outsidé the standard error of the eduation, 0.13
percent.

The capacity of the soil to produce organic matter is
reflected in its fertility level and moisture status, It.is
known that, in southwestern Icwa, the amount of acid soluble,
cr available, phosphorous decreases southeastward avay fronm
the Missouri Biver Valley (Godfrey and Riecken, 1957). With
increasing scil development them, the amcunt of phosphorous
available for plant growth decreases. The phoéphorous has

been converted from the calcium foram to very imnsoluble iron,
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aluminum and adsorbed forss.

Another, and more general indicator of soilifettility is
the corn suitability rating (hereafter abbreviated CSR). CSR
values reflect the capacity of the soil to prbduce a crop, in
this case corn, and could be expected to reflect the general
fertility leveirof the soil in addition to any other factors
vhich might influence organic matter production. A CSR of
1od’is the maximum value attainable by a soil and all others
are evaluated agalnst it. The CSR values of each site are
rlectted in Fxgure 8. ihereas available phosphorous decreased
steadily with distancelxndlcatxng a general decrease in
fertility levels, the CSR values follow the same subtle trend
as does the organic carbon content. Obviously then, there
sust be scme otﬁe: confounding factors involved. One of
these could be moisture available for plant growth.

As pentioned during the discussion of the hydrologic
data, the water-table occurs at considerable depﬁh wvhere the
loess is thick. It seems unlikely that any caplllary rise
effects could bran vater to the surface and also unlikely
that the native plants could root deeply enough to tap the
rerched sater-table for noisture. Reasonably then, although
fertility levels appear quite high on the western end of the
traverse, moisture coculd be a factor limiting orgamnic matter
production. Where CSR values are highest, optimum moisture

conditicns might be expected. Fertility levels would still F
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be adequate for considerable organic matter produbtion.
Further to the east along the traverse, fettilifyulevels are
such lower as‘afe CSR values. Cortespondingly,fthe organic
carbon content of the soils is alsc the lowest. The perched
vater-table is very close to the surface and the moisture
holding capacity of the soils is very high as reflected by
the large volume of capillary pore sgaces (Ulrich, 1949). It
cculd be expected that moisture would be restrictive -in this
situation. However, the restriction on the east end of the
traverse would be due to excess vater and lilited aeration
whéte it wvould 5e a deficiency of moisture which would limit
orgampic nmatter production on the west end.

The production of organic matter is only part of the
system. It must then accunulate. As vith the production of
crgamnic matter, its accumulation can be associated with sev-
eral soil factors. Cne of these is soil noistufe. With re-
spect to organic carton accunulation, the role of moisture is
closely related to biological decomposition (Alexander,
1661) . However, water is also an important factor in removal
of organic latter by erosion. On the wvestern end of the
traverse, oxidative decomposition of orgamic matter is essen-
tially unrestricted and, even though ptoductioh capabilities
are relatively high, accuaulation is minimal. This is cor-
pounded by higﬁ runoff rates of water and removal,K of organic

matter by erosion. Where more organic matter is.produced, it
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"also accumulates without erosional losses. Thié is evidenced
by the increase in otrganic carbon content of these soils as
seen in Figure 8. On the eastern end of the traverse, accu-
sulation would be greatest but production would be the
lipiting factor.

On the vestern end of éhe traverse, production of
crganic matter is linmited by moisture deficiency even though
fertility levels are high. Organic carbon does not accumu-
late at a great rate due to uninhibited biological
decomposition and losses by erosion. The middle portion of
the traverse hasihigh enough fertility levels and adequate
roisture to produce considerable organic matter amd it in
turn accupulates since the sumaits are flat enoudh to elimi-~
nate severe erosional losses. On the eastern end of the
traverse, fertility levels are lowest and excess moisture is
restrictive. Although accumulaticn could be great, produc-
tion is lov enough tc be limiting.

The amount of organic carbon present in a soil can be |
indicative of ité degree of development but this is not accu-
rate in the case of the loess derived soils of soathwestern
Iowa. It would, in fact, give ﬁn erronecus picture in this
case. The depfh to wvhich the organic carbon has accumulated
fcllous the same tremd as the actual content. vHoqeve:, if
the percent of the loess containing detectable organic carbon

is regressed against distance from the scurce area; a
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logarithmic reiationship evolves as seen in Figure 9. From
west to east along the traverse, the percent qf the loess
containinq,orqahic carbon increases. The correlation coeffi-
~cient of 0.84 is significant at the one percen;‘level and the
equation explains 70 percent of the variability of the data.
The indicétion'is that there has been considerable alteration
of the loess where it is thin and very little of it remains
in an unaltered condition. 1In fact, the organic carbon
extends deeply enough into the loess to overlap the present
perched water-table at distances of 95.5 miles and greater
from the source area. It would be reasonable.then to state
that at loess fhicknesses of less than 150 inéhes, it would
ke unlikely that any unaltered loess would be encountered.

The presence or absence of inorganic carbon, as defimed
in this investigation as calcium and magnesium carbonate, can
also be used as an indﬁcator of alteraticn of parent materi-
al. In addition, the éuantity of inorgamnic carbon present,
reported as percent calcium carbonate eguivalent, can also be
used. Smith (1942) vutilized calcium carbonate equivalent
data in arriving at his effective age ccncept. In the
absence of radiocarbon dating techniques, leachiﬂg was used
as a measure of time and alteration.

It was ctserved in this study that the depth to carbon-
ates was not a function of distance but rather appeared to be

randomly displaced points about a straight line. Beyond a



Figure 9. Relationship between percent cf the loess containing detectable
crganic carbon and distance from the loess source area
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distance of 84.4 miles from the source area, no carbonates
were detected. Within that portion of the loess province
where carbonafeS'vere detected, several systematic relation-
shigs wuere ﬁefined.

Since depth of leaching was not functionally related to
distance, the petcent of loess coﬁtaining carbonates was
checked. Fiqure 10 shows the results of this. The percent
cf loess which was found to be calcareous decreased with
distance fron Ehe,source area. The correlation coefficient
cof 0.98 was sighificant at the one percent levél and the
equation explained 96 percent of the variability of the data.

Within the unleached zone, the calcium cdrbonate equiva-
lent was found to be very systematically related to distance
(Fiqure 11). The second degree polynomial equation which de;
scribed the data points explained 92 percent of the variabil-
ity of the data. Within the calcareous zone at any particu-
lar site, the calcium carbonate content showed very little
variability (Appendix F). Since the data appeared so uniform
and inorganic carbon was very well correlated with distance,
it seemed reasonable to assume that it represented parent ma-
terial essentially unaltered since deposition. If this were
true, the calcium carbonate equivalent of the loesé could be
extrapolated eastward along the traverse beyond 84.4 miles
and the original carbonate content estimated. It has been

reported that the loess, even 175 miles from the source area



Figure 10. Relationship tetween percent cf the loess containing calciunm
carbonate and distance from the loess source area
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Figure 11. Relationship between percent calcium carbcnate equivalent of the loess
and distance from the loess source area
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was at one tine'calcareous (Buhe,. 1969bf. The percent éalci-
um carbonate gquijalqnt then varied systematically fté- 7.96
near the s;urce area to 4.12 percent 84.4 niles‘fron the
source area. itfis gredicted to have been approximately 0.69
Fercent 173.2'niies from the source area at the’tine of orig-
inal depositioh.

With calcium carbonates at such a low imnitial level, it
vould require less leaching to remove it completely. In ad-
dition to the lowAinitiél carbonate content, the high wvater-
table on‘the eastern end of the traverse would be a definate
factor conttibutiﬁg to leaching removal of carbonate
‘minerals. Once the carbonates have been removed and the pH
. subsequently louéred, weathering would be expécted to occur
at an increased rate (Glen et al., 1960). Therefore, part of
the explamation of increasing degree of soil developleni
along the traverse cculd be rapid removal of low amounts of

~initial carbonate minerals and subseguent acceleration of

clay translocation and formation.

Particle size distributjon_apnd trends

An earlier investigation in northeast Kansas (Hanna and
Bidwell, 1955) Eonéluded that the parent material in that
lcess province became progressively finer textured uith
'distance anay'fron tbe source area. No such atténpt has been

made in sduthneétern Iowa. It may be logically assumed from
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the distﬁibutiopal pattern of calcareous loess that it repre-
sents the condition cf the original loess at the time of dep-
osition. 1:0|:this data, the éélciun carbonate equivalent |
has been predicted and appears reasonable. If this is the
case, as it appears to be, then prediction of oriQinal parent
material parficle size distﬁibntion may be aéptoxilated. |
If the calcareous loess is essentially unweathered, then
throughout the calcareous zone at any site there should be
very little va:iince from the mean percent of any one size
fraction. This statistical data is presented in Téble 4. In
additicn, the caléulated mean percent and coefficient of var-
iability is incldded. In ali size'fractions, the standard
deviation f:om}thé mean is low. Since loess may be consid-
ered a sediment, some deviation is expected. ‘The“sand frac-
tion was found té be composed of varving alounts'6£ secondary
iron-manganese concretions obviously not a sedileitologic
factor. These will bte delt with later as part of a different
lcess characteristic. The standard deviation of the various
size fractions in the calcareous loess should be smaller than
those for either the leached surface zone, including the soil
solum, or the entire thickness of loess including both the
leached and unleached zones. This data is presented in Table
S« A colbarison of Tables 4 and 5 shows that relatiiely |
little alterqtion of particle sizes has cccutfed in the

unleached zone. The large standard deviations observed in



Table 4.

calcareous loess particle size analysis

Mean, standard deviatiom and coefficient of var1at10n of

Site Stat.* > 62 31-62 16-31 8-16 4-8 2-4 1-2 0.5-1 < 0.5
2 1 0.93 25.2&8 34.62 13.15 S5.14 3.43 3.37 10.38 3.59
2 2 0.13 2.52 2.10 1.28 0.56 0.48 0.61 2.21 1.20
2 3 13.97 9.96 6.06 9.73 10.89 13.99 18.10 21.29 33.42
3 1 1.07  25.52 33.52 13.26 4.75 3.76 3.49 9.72 5.10
3 2 0.02 1.91 2.21 1.02° 0.u8 0.47 0.56 1.39 0.45
3 3 57 .94 7.48 6.59 7.69 10.10 12,50 16.04 14,30 8.82
4 1 0.94 24.47 32.59 13.64 5.64 3.90 4.05 9.01 5.98
4 2 0.35 2.13 1.16 1.28 1. 08 0.90 0.47 0.94 0.89
4 3 37.23 8.81 3.55 9.38 19.14 23.07 11.60 10.43 14.88
5 1 1.06 20.18 32.54 15.42 6.77 4,88 4.73 9.87 4.62
5 2 0.55 1.42 1.54 1.13 0.71 0.63 0.53 0.86 0.88
5 3 51.88 7.03 4.73 7.32 10.48 12.90 11.20 8.71% 19,04
6 1 0.90 15.39 31.99 17.82 7.27 4.76 4.60 10.96 6.81
6 2 0.7 1.76 1..17 1.15 0.68 0.45 0.37 0.71 1. 17
6 3 18.88 11.43 3.65 6.45 9.35 9.45 8.04 6.78 17.18
7 1 1.17 16.06 31.58 17.50 7.53 4.42 .41 10.15 7.04
7 2 0.24 2.25 1.09 1.30 0.85 0.47 0.63 0.79 0.73
7 3 20.51 14.00 3.45 7.42 11.28 10.63 13.74 7.78 10,36

|

1 is calculated mean value in microns

2 is standard deviation from mean
3 is coefficient of variationm in percent

h6



Table 5. Standard deviation of various

leached loess and total loess thickmess

present -

particle size fractions in
wvhere calcareous loess wuas

Site Sample! > 62 31-62 16-31 8-16 4-8 2-4 1-2 0.5-1 < 0.5
2 1 0.30 2.20 2.58 0.92 0.40 O0.42 0.65 1.16 2.58
2 2 0.40 2.59 2.76 1.24 0.60 0.46 0.60 2.91 2.11
3 1 0.10 2.53 2.49 1.64 1.14 0.96 0.56 1.15 1.73
3 2 0.55 3.08 3.25 2.37 0.78 0.70 0.73 1.61 2.84
4 1 0.20 2.64 1.89 1.16 0.77 0.74 0.67 1.04 3.01
4 2 0.35 3.28 2.79 1.78 1.05 0.89 0.67 1.26 2.77
S 1 0.20 1.81 2.69 0.92 0.41 0O.40 1.11 1.88 3.63
5 2 0.50 2.29 2.97 1.80 0.73 0.66 0.82 .81 3.27
6 1 0.10 1.74 2.40 1.85 0.62 0.41 0.55 1.60 3.78
6 2 0.35 1.97 3.40 1.59 0.77 0.42 0.49 1.61 3.76
7 1 0.32 1.30 3.12 1.14 0.72 0.60 0.67 1.14 4.16
7 2 0.37 2.33 3.65 1.95 0.98 0.64 .34 4.70

0.31

1 Ssasple 1 is léached loess
Sample 2 is total loess thickness

S6
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the 16 - 31 and 8 - 16 micron fractions indicates these to be
actively alte;ed;' The 4 - 8, 2 - & gnd 1=-2 libron frac-
tions show small standard deviations while the 0.5 - 1 and <
0.5 lic:cn»ftactions shoved the greatest nodification. The
Ja:ge: standard,déviations for the leached surface zones,
including the soil sclum, lend credulance to the assulption
cf the qteatest'deqree of weathering ih the leached loess and
relatively little alteration in the unleached portion,

On the Sasis<of this inéetptetation, the calcareous
loess can be tékéh as representative of the original loess
parent material. Since the calcarecus loess extended only
84.4 miles ftdl the source area, only the siges within this
reach could be utilized for prediction cf parent material.
Fach of the nine size fracticns at each site was regressed
“against disténce.fron the source area to establish the
fdnctional_relationsbips existing within the calcareous
loess. The p:edicfed parent material relationships are shown
in Figures i2 through 20. The prediction equations used to
calculate the particle size compositibn of loess parent mate-
rial are shown in the épptopriate figures. As a check on the
accuracy of these predictions, the measured percentage of
each fraction was checked against the predicted percentage

(Table 6). véty close agreement can be seen between pfedict—

ed and measured percentages.



Figure 12. Prediction model for > 62 micron diameter sand size fraction of
Icess parent material
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Figure 13. Prediction model for 31 to 62 micron very coarse silt size fracticn
of loess parent material
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Figqure 14. Frediction model for 16 to 31 micron coarse silt size fraction of
loess parent material
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Figure 15. Frediction model for 8 to 16 micron medium silt size fraction of
loess parent material
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_ Fiqure 16. ..Erediction.model..for.-4 to +8-micron-very -fine silt size ‘fraction of
" .. lcess parent material
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Figure 17. Prediction model for 2 to 4 micron very fine silt size fraction of
loess parent material . ) _ . T
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Figure 18. Prediction model for: 1 to 2 m:u:ron coarse clay s:.ze fractlon of
‘lcess parent material coe e ‘ e
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Fiqure 19. Prediction model for 0.5 tc 1 micron medium clay size fraction of
. lcess parent material. . , e
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Figure 20. Prediction podel fcr < 0.5 micron fine clay size fraction of
lcess parent material
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Table 6.

Predicted percent of each size fraction and measured percent
in calcareous loess

Site

31-62

Valuel > 62 16-31 8-16 4-8 2-4 1-2 0.5-1
2 1 0.96 26.3% 34.02 12.75 4.87 3.66 3.54 10.08 4.20
2 2 0.93 25.28 34.62 13.15 S.14 3.43 3.37 10.38 3.59
3 1 0.98 24.86 33.68 13.34 S5.23 3.81 3.70 9.84 4.56
3 2 1.07 25.52 33.52 13.26 4.75 3.76 3.49 9.72 5.10
4 1 0.¢9 22.58 33.16 14.41 5.79 4.03 3.95 9.64 5.13
4 2 0.94 24.17 32.59 13.64 5.64 3.90 4,05 9.01 5.98
5 1 1.€1 20.50 32.68 15.36 6.32 U4.24 4.18 9.63 5.66
5 2 1.06 20.18 32.54 15,42 6.77 4.88 4,73 9.87 4.62
6 1 1.04 17.34 31.93 16.86 7.13 4.58 4,55 9.94 6.48
6 2 0.90 15.39 31.99 17.82 7.27 4.76 4.60 10. 46 6.81
7 1 1.6 14.96 31.37 18.02 7.76 4.83 4.83 10. 46 7.12
7 2 1.17 16.06 31.58 17.50 7.53 4.42 4,51 10.51 7.04

1

1 is predicted pércent

2 is measured percent

Sit
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In liqght of this close agreement, the predictions vere
extended eastward along the traverse where no‘éalcareous
loess was found to exist. The entire set of predicted values
is shown in Tébié‘7. The > 62 micron sand fraction increases
with distance. However, as will be shown later, this is not
a sedimentologic feature of the loess but rather, a result of
Fost-defrcsitional formation of secondary iron and manganese
concretions in the sand size fraction. The 31 - 62 and 16 -
31 micrcn fractions decrease with distance from the loess
séurce area. Smith (1942), Hutton (1947) and-Ulrich (1949)
all agree with this, having their particle size break at 20
microns betaeeﬁ increasing and decreasing particle size
trends with distance. All other size fractions smaller thaﬂ
16 microns increase with distance. In other words, except
for secondary sand size concretions, the loess parent materi-
al is predicted to become much finer with distance avay fron
the source area. |

Figure 21 shows the change in the < 2 micron clay frac-
tion in the zone of maximum clay accumulation and the pre-
dicted percemt < 2 micron clay in the parent material against
distance. The relationship between change from parent mate-
rial and soil is Qraphed in Fiqure 22. This change is very
systematic, indicating that some alteration has occurred in
this size fraction. Figure 23 shous the regression of the

change in the < 0.5 micron fraction from the predicted parent



Table 7.

Predicted parent .

~ sites along the traverse

material composition:

at all field research .

Site

Pist.

> 62

31-62

16-31 8-16 4~-8 2-4 1-2 0.5-1 < 0.5
2 11.7 0.96 26.35 34.02 12.75 4.87 3.66 3.54 10.08 4,20
3 20.7 0.98 24.86 33.68 13.34 5.23 3.81 3.70 9.84 4.56
4 34.7 €.99 22.58 33.16 14.41 5.79 4.03 3,95 9.64 5.13
5 47.8 1.01 20.50 32.68 15.36 6.32 4.24 4,18 9.63 5.66
6 68.4 1.04 17.34 31.93 16.86 7.13 4.58 4,55 9.94 6. 48
7 84.4 1.06 14.96 31.37 18,02 7.76 4,83 4.83 10.46 7.12
8 95.5 1.08 13.36 30.98 18.84 8.19 5.01 5.02 10.97 17.56
9 116.2 1.11 10.47 30.28 20.35 8.99 5.34 S5.38 12.24 8.37
10 136.7 1. W4 7.73 29.59 21.86 9.78 5.66 5.74 13.91 9. 16
11 148.5 1. 16 6.21 29.21 22.74 10.23 5.85 5.95 15.06 9.62
12 160.5 1. 18 4.71 28.82 23.63 10.68 6.04 6.16 16.36 10.08
13 173.2 1. 20 3.17 28.41 24.57 11.16 6.24 6.38 17.89

10.56

Ll



Pigure 21. Relationships between measured < 2.0 micron clay size fraction in the B2
horizos cf maximum accumulation, predicted.< 2.0 microm clay in the loess parent
material and distance from the loess source area
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Pigure 22. Belationship between the increase in < 2.0 micron clay size fraction in
E2 hcrizon of maximum accumulation and distance from the loess source area
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Figure 23. Relationship between the increase in < 0.5 micron fine clay sizz fraction
in rhe B2 horizon of maximum accumulation and distance from the loess source area
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raterial against.distance. The equation explaips'ee percent
"of the vatiabiliﬁy of the dsta., ﬁo such functional relation-
shifs could be fbund in the other two clay fréctiéns. 1-2
and 0.5 - 1 microns diameter. Apparently, the bulk of the
change brought about by weathering appears in the fine clay
fraction, in this study < 0.5 microns in diameter. This can
also be seen in Appendix E.

The maximum clay percent in the solum varies from 28.9
nearest the bluffs tc 52.0 173.2 miles southeastward. This
represents changes of 11.1 and 17.2 percent respectively. A
considerable proportion of this change in claonécurs in thel
fine fraction and is a result of paremt material changes.

It is appropriate at this point to propose a‘mechanism
for this weathering in the younger loess deposits on the
castern end of the traverse. Consider first that the calcium
and maqnesiuﬁ'carbonate content of the initial loess varied
from 7.96 percent to 0.69 percent systematically over the
traverse. The removal of carbonates and subsequent decrease
in pH is known to accelerate the formation and weathering of
clay minerals (Glen et al., 1960). Also, based on the sta-
tistical predictions made in this investigation, the loess
becomes nuch finer textured with distance from the source
area. The mechanism for removal of carbonates is available
through the pérched water-table and probably increasing in-

filtration from west to east across the traverse. This could
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be the result of decreasing slopes and increasing sumnmit
width as discussed earlier. Therefore, it is likely that
noré available.witer could remove the originally low amount
of carbonates fapidly on the eastérn end of the traverse
vhere loess is thin than on the western end of the traverse
vhere it is thiék. Once carbonates are temoved.:clay may
form in place'or:be translocated by percolating water.

" Table 8 compares the measured mean percentages of the
various size fractions betveen the leached and unleached
zones in the loess. A considerable reduction in the percent
of 16 - 31 micron fraction is noted. No other silt fraction
changes considerably nor do the 1 - 2 or 0.5 - 1 micron clay
fractions. Hovever, the fine, < 0.5 micronm, fraction in-
creases markedly with removal of carbonates by leaching.
This can be seen fror the ratio of leached mean to unleached
rean for each fraction. As rreviously mentioned, the total
sand fraction cannot be coansidered as a sedineniologic frac-
tion. The 31 - 62 micron fraction has a ratio of 0.9390 in-
dicating very small general decrease, the 16 - 31 micron
fraction has a ratio of 0.8533 indicating considerable reduc-
tion upon leaéhihg. No other silt fraction changes signifi-
cantly. The coarse clay fraction, 1 - 2 micron, changes
little as evidenced by the ratio of 0.9800., The 0.5 - 1
micron, medium clay, increases slightly having a.tatio of

1.2311. The greatest change is in the fine clay size frac-



Table 8.

Comparison of measured fraction mean values for calcareous
and leached loess

Site Sample® > 62 31-62 16-31

8-16 4-8 2-4 1-2 0.5-1 < 0.5
2 1 0.93 25.28 38.62 13.15 5.14 3,43 3.37 10.38 3.59
2 2 0.87 22.89 30.83 12.64 4.98 3.34 3,25 14.29 7.13
3 1 1.07 25.52 33.52 13.26 4.75 3.76 3.49 9.72 5.10
3 2 0.5% 22.30 28.44 13.24 5.35 4,13 3.93 11.79 10.27
4 1 0.94 24.17 32.59 13.64 5.64 3.90 4.05 9.01 5.98
4 2 1.10 23.48 28.01 13.18 5.82 4.60 3.52 10.71 9.81
5 1 1.C6 20.18 32.54 15,42 6.77 4.88 4.73 9.87 4.62
5 2 1.C0 21.21 28.58 12.88 6.01 4.20 4.51 12.49 9.37
6 1 0.90 15.39 31.99 17.82 7.27 4.76 4.60 10.46 6.81
6 2 0.92 13.93 26.74 17.03 7.83 4.99 4.42 12.58 11.47
7 1 1.17 16.06 31.58 17.50 7.53 4.42 4.51 10.15 7.04
7 .2 1.03 14,90 25.50 15,34 7.81 4,33 4.54 11.70 14.95

1

1 is mean of calcareous loess

2 is mean of leached loess

92t -
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tion."that fractipn nearly doubling in percent, a ratio of
1.9159, upon removal of carbonates.

It seems unlikely that the clay in loess is tramsported
as individual platelets.' It has been reported that clay
occurs as coatinqs and as aggregates in calcareons loess
(Davidson and Handy, 1954). It may nowv seen reasbnaﬁle to
propose that the clay, deposited as such, is dispersed in
situ upon removal of the calcium carbonates. Therefore,
initial lowver carbonate contents of finer textured ioeés
.futther eastvard in addition to the presence of a higher
vater-table for'ieachinq, could lead to progressively greater
diSpersion on,the east end of the traverse. Then, with a
greater amount of clay size particles présent and the pH
reduced, weathering could be greaﬁly accelerafed under the

pore moist conditions to the east end of the traverse where

the loess is thinner.

Mineralogical analysis

If the cléy fractions which vere measured in the previ-
ously'discussed partic%e size analysis are in part a result
c¢f dispersion, a lithofogic property 6f the loess, and in
part a result of pedogénesis, the mineralogical composition
should provide an indiéation of their origin. fherefote.
vhere'possihle s X-ray .analysis of the < 2.0 micton clay

fraction from calcareous loess was run and it was assumed to
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represent the mineralogy of the unleached, unveathered loess.
'Thisvthen served as the basis for comparisons of other
ditfractoqr#ns.~ To evaluate the nine:angicalféffects of
leaching, a sample of thé < 2.0 micron clay from leackeéd
loess vas subjected to X-ray analysis. This sample was se-
lected to be Lelow the solum and therefore supposedly
uninfluenced by pedogenic processes. A sanmple vas also
chosen from the zone of nakimun clay accunmulation and
fractionated into 1 to 2, 0.5 to 1, and < 0.5 micron diameéér
seperafes as previously described. The smoothed X-ray
diffractcgrams produced from these fraction are shown in
Figures 24 through 35. An examination of traces A and B in
Fiqures 24 thtouqﬁ 29 indicates thevclay ningrals pfesent in
the original loess parent material and aid in evaiuation of
the effects of leaching. The predominant clayAnineral
Fresent at eaéh 6£ these locations is montmorillonite. This
is indicated by ihe rronounced diffraction peaks at 18A 001
spacings. The montmcrillonite is present at all locatioas
and compariscn of diffraction peaks of curves A and B indi-
cates no change in intensity or peak width. Therefore, re-
moval of carbonates does not appear to alter the predominant
clay mineral significantly.

A 14A 001 spacing is characteristic and diagnostic of
vermiculite-chlorite typé clay minerals. This peak is

arparent at each of the locations as seen in curves A and B.



Figure 24. Smoothed X-ray diffractograms from site number 2.
Curve A is < 2 micronclay from calcareous loess #400-405
inches deep, B is < 2 micron clay from leached loess 70-75
inches deep, C is clay from clay maximum at a depth of 20-25
~inches and 1-2 micron diameter, D is from the same depth and
0.5-1 micron diameter, E is from the same depth and < 0.5
micron diameter.
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Figure 25. Smoothed X-ray diffractograms from site number 3.
curve A is < 2 micron clay from calcareous loess 404-409:

- inches deep, B is < 2 micron clay from leached loesc 76-81
inches deep, C is clay from clay maximum at a depth of 16-20
inches and 1-2 micron diameter, D is from the same depth and

0.5-1 micron diameter, E is from the same depth and < 0.5

micron diameter.
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Fiqure 26. Smoothed X-ray diffractograms from site number 4.
Curve A is < 2 micron clay from calcareous loess 257-268
inches deep, B is < 2 micron clay from leached loess gg9-104

inches deep, C is clay from clay maximum at a depth of 26-31
inches and 1-2 micron diameter, D is from the same depth and

0.5~1 micron diameter, E is from the Same depth and < 0.5
micron diameter.
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Figure 27. sSmoothed X-ray diffractograms from site number 5.
curve A is < 2 MiCTON ¢lay from calcareous loess 202-207 ‘
inches deep, B is < 2 micron clay from leached loess 63-68
inches deep , C is clay from clay maximum at a depth of 20-24

inches and 1-2 micron diameter, D is from the same depth
and 0.5-1 micron diameter, E is from the same depth and < 0.5
micron diameter. :
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Fiqure 28. Smoothed X-ray diffractograms from site number 6.
Ccurve A is < 2 micron clay from calcareous loess 136-140
inches deep, B is < 2 micron clay from leached loess 84-89
inches deep, C is clay from clay maximum at a depth of 19-24
inches and 1-2 micron diameter, D is from the same depth -and
0.5~1 micron diameter, E is from the same depth and < 0.5
micron diameter.



=25

/J&

/Jﬁ




. Figure 29. Smoothed X-ray diffractograms from site number 7.
Curve A is < 2 _micron clay from calcareous loess 120-126
inches deep, B 1s < 2 micron clay from leached loess 75-80
inches deep, C is clay from clay maximum at a depth of 33-38
inches and 1-2 micron diameter, D is from the same depth and
0.5-1 micron diameter, E is from the;same depth and <€ 0.5

micron diameter.
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Figure 30. Smoothed X-ray diffractograms from site number 8
curve A is < 2 micron clay from leached loess 93-98 )
inches deep, B is 1-2 micron clay from clay maximum at a
depth of 30-34 inches, C is from the same depth and 0.5-1
micron diameter, D. is from the same depth and < 0.5 micron

diameter.
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Figure 31. Smoothed X-ray diffractograms from site number 9.
Curve A is < 2 micron clay frow leached loess 68-73 inches
deep, B is 1-2 micron clay from clay maximumat a depth of
25-28 inches, C is from the same depth and 0.5-1 micron

diameter, D is from the same depth and < 0.5 micron diameter.
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Figure 32. Smoothed X/ray diffractograms from site number 10.
Curve A is < 2 micron clay from leached loess 73-78 inches
deep, B is 1-2 micron clay from clay maximum at a depth of
22-26 inches, C is from the same depth and 0.5-1 micron
diameter, D is from the same depth and < 0.5 micron diameter.






Figure 33. Smoothed X-ray diffractograms from site number 11.
Curve A is < 2 micron clay from leached loess 80-85 inches
deep, B is 1-2 micron clay from clay maximum at a depth of
17-22 inches, C is from the same depth and 0.5-1 micron

diameter, D is from the same depth and < 0.5 micron diameter
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Figure 34. Smoothed X-ray diffractograms from site number 12.
Curve A is < 2 micron clay from leached loess 58-62 inches
deep, B is 1-2 micron clay trom clay maximum a2t a depth of
24-59 inches, C is from the same depth and 0.5-1 micron
diameter, D is from the same depth and < 0.5 micron diameter.






Figure 35. Smoothed X-ray diffractograms from site number 13.
curve A is < 2 micron clay frcm leached loess 68-75 inches
deep, B is 1-2 micron clay from clay maximun at a depth of
21-26 inches, C is from the same depth and 0.5-1 micron
diameter, D is from the same depth and < 0.5 amicron diameter
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This diagnostic peak is bf rather lovw intensity indicating
only small aﬁdunts of vermiculite present in the samples.,
Again, renoval-éf carbonate nminerals by leaching does not
appear to effect this mineral significantly. |

The 10A 001 diffraction peak is diagnostié of mica type
minerals. This peak shows in curves A and B 6f Figures 24
through 29 indicating the presence of this type‘of minerals
in the original loess and after leachipq. Hovever, the peak
at 14 A'S§aciﬁg is not sharp but rather, is diffuse. A
diffuse peak of this nature is generally interpreted as an
indication cf'interstratification of the mica type‘ninerals
present (Brown, 1961). The peak height and peak width, in-
dicative of intensity, is apparently unaltered by removal of
~carbonates by leaching. Mica type minerals are present in
only small amounts.

Kaolinitié minerals are characterized by a 7A 001
diffraction peak. Since this peak appears, with rather low
intensity, on all traces, it may be concluded that kaclinite
is present in the original loess but in minor amounts. The
kaolinite is unaltered by leaching of carbonates.

Concerning the clay mineral present in the original cal-
careous loess parent material it may be said that the
predominant clay hineral is montmorillonitic. Traces of
vermiculite-chlorite type minerals exist. Small amounts of

an interstratified mica type mineral are also evident.
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Kaolihitic minerals aré in evidence in small émounts.- Remov-
al of carbonate minerals by leaching appears to'leave those
minerals unaltered. The removal of carbonates reduced the pH
from 7.6 - 7.9 to 6.3 - 6.8. This small reduction in the
near neuttallrange of pH would not be expected.tb alter clay
minerals siénificantly.

Curve A in Figqure 30 through 35 can be related to curve
B in Piguresizn through 29 in that they represent the leached
loess below the solus. However, as previously noted,
alteration of this material has occurred. Therefore, these
curves do not represent the original loess mineralogy on the
eastern end of the traverse. Montmorillonite is the
predominant mineral. The vermiculite-chlorite minerals are
present but with decreasing peak intensity eastvard indicat-
ing less of this‘mineral type present. Mica decreases con-
siderably in peak intensity. Kaolinite exists as only a
trace on the easfern end of the traverse.

The hoiizon of maximum clay accumulation is represented
by curves C, D and E in Figures 24 through 35. Since this is
the zone of clay accumulation, it may be expected.to repre-
sent the zone of maximum alteration of clay miﬁerals.
Therefore, the sample from this zone was fractionated into
three size fractions for X-ray analysis.

In all thfee size ftactions and at all locationms,

montmorillonite remains the doaimant type clay mineral
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present. The 18A peak intensity changes little from the
leached loess samples but does increase slightly eastward.
Peak width decreases somewhat indicating removal of
interlattice components.

The 14A vermiculite-chlorite peak reaches maximunm inten-
sity in the 1 - 2 micron size fraction but varies little with
distance. This peak is reduced to a shoulder on the dominant
18A peak in the 0.5 - 1 micron fraction and is completely
missing in the < 0.5 micron fraction. It is known that
vermiculite minerals exist naturally as macroscopic particles
but are easily reduced in size by weathering (Brown, 1961).
Similarly, vermiculite-chlorite minerals tend‘to be unstable
at very fine size reduction (Brown, 1961). It seems N
plausible that the vermiculite-chlorite apparent in the < 2
micron leached loess samples is'intensified by weatherinq.in
the 1 - 2 micron samples. This shows up as greater peak
height and smaller peak widths. Further size reduction by
weathering destroys this minera% as effected by shorter and
vider 14A peaks in the 0.5 - 1 hicron samples and finally,
éhsence of this peak from the < 0.5 micron samples.

Mica type minerals are easily weatherable (Brown, 1961).
The 10A 001 spacing peak decreases in intensity with
distance. At any location, reduction in size essentially
eliminates this mineral from the clay size separates; Iﬂ ad-

dition, the peaks becore nmore diffuse with reduction in size
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an indication of lattice distortion presumably from weather-
ing. The amount of mica type minerals present in any size
fraction where detectable, decreases rapidly with distance
avay from the soﬁrce area.

Kaolinite, evidenced by the 74 001 diffraction peak, ac-
counts for ohly a trace of the clay minerals present < 2
microns in diameter. With increasing distance from the loess
source area, even this trace decreases in abundance. Reduc-
tion in size 5elow 0.5 microns completely elim;nates kaolin-
ite from the group of clay minerals present. Even though ka-
olinite exists as a stable clay mineral at pH values in the
acid'range, it is destroyed by size reduction (Bfown, 1961).
As discussed in the grevious section and shown in Appendix E,
' the percent clay < 0.5 micron Qiameter increases rapidly
eastvard along the traverse. It is therefore reasonable that
the kaolinite should decrease in the same direction.

Montmorillonite is the dominant clay mineral present in
loess parent material, either calcareous or leached. This
mineral remains the dominant species even in the smaller size
fractions from the zone of maximum clay accumulation. In
-faét, montnorilionite is the only mineral present in signifi-
cant amounts in samples < 0.5 microns diameter. Vermiculite-
chlorite minerals exist unaltered in calcareous and leached
loess. This mineral appears to veather some in the solunm

such that much sharper peaks occur in the 1 - 2 micron size
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fraction. These peaks are severely reduced in intensity from
0.5 - 1 micron clay and are absent at sizes < 0.5 micron.
Apparently, the vermiculite-chlorite minerals are weathered
cut and further, it appears that the < 0.5 microm clay is
genetically related to the coarser size clay fractions;
Easily wveatherable mica type minerals follow the same trend
as do the vermiculite-chlorite type as do the kaolinitic
minerals.

It may now be possible to make definitive statements
concerning the mineralcgy of loess and its alteration by
weathering. Removal of carbonates by leaching does not
effect the minerals gresent. On the basis of\similarity of
X-ray diffractograms, it is apparent that the leached loess
is derived from calcareous loess. Further weathering of the
loess serves to acceantuate the eiisténce of montmorillonite
as the dominant mineral present. The decrease in apparent
anounts of vermiculite-chlorite, mica and kaolinite minerals
seems to be the result of weathering. On the basis of the
shift of diffraction peaks with decreasing particle size, it
appears that the clay present is, in considerable part,
lithologic and the increasing fineness results from size de-
crease not in situ formation. Some clay may be genetically
formed in place, but most seems to be the result of physical
and chemical size reduction and dispersion. This is support-

ed by the discussed trends and interrelationships between the
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mineralcgy of the various size fraction examined.

Previous investigations of loess have reported that the
rercent sand éontent shows a marked increase at great
distances from the scurce area (Hutton, 1948; Ulrich, 1949).
It was suggested that this wvas perhaps the resuli of
including séccndary iron - manganese concretions'in the > 62
micron fraction. These concretions have been obéerved in
lcess (Barnhisél et al., 1971) and felt to increase wvwith in-
creasing degree of soil development (Bray, 1934). The sand
size fractign ias found to increase in this study as apparent
in Pigqure 12 and from the data in Appendix E. It was decided
to examine this éand fraction microscopically to quantify
changes in the sand composition with distance from the loess
source area. The grains were counted as a thrge'component
system; secondary concretions, mica flakes and all other
clear or opaguevb;imary grains. The latter appeared to be
conposed essentially of quartz. The sum of this fraction and
the mica was considered:as total primary sand and as such, a
part of the sedimentologic loess systenm.

The percent of the sand fractions measured as clear and
cpaque primary grains is shown in Fiqure 36. When the
rercent sand increases with distance awvay from fhe ldess
source area, the amount of that sand wvhich is primarily
sedimentologic, excluding mica, decreases in a systematic

"manner. The curve is very smooth to a distance of 84.4 miles
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It was suggested that this was perhaps the resuli‘of
including séccndary iron - manganese concretions in the > 62
micron fraction. These concretions have been obSetved in
lcess (Barnhisel et al., 1971) and felt to increase with in-
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size fractiqn vas fQund to increase in this study as apparent
in Fiqute 12.and fronr the data in Appendix E. It was decided
to examine this éand fraction microscopically to quantify
changes in the sand composition with distance from the loess
source area. The grains were counted as a three'conponent
~ system; secondary conéretions, mica flakes and all other
clear or opague'égimary grains. The latter appeared to be
ccmposed essentially of quartz. The sum of this fraction and
the mica was considered}as tctal primary sand and as such, a
part of the sedimentologic loess system.

The percent of the sand fractions measured as clear and
cpague primary grains i's shown in Figuré 36. When the
rercent sand inctéases with distance avay from fhe ldess
source area, the amount of that sand which is primarily
sedimentologic, excluding mica, decreases in a systematic

"manner. The curve is very smooth to a distance of 84.4 miles



Yigure 36. Bélationship between percent clear and opaque primary grains in the sand
size fraction and distance frcm the loess source area
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and then becomes erratic. Observation of these grains under
15 - fold magnification revealed that, eastward along the
traverse for 84.4 miles, the sand contained many large quartz
grains. These grains were of sufficient size, some as iarge
as 0.5 mp diameter, as to rule out their derivation from the
original source area. It is proposed that these sands were
of local origin. The sands closer to the source than 84.4
piles were very uniform in size, while those further awvay
were not, the implication again being of a local source. The
percent of the sand which was composed of these clear or
opaque grains increased rapidly near the underlying palesolic
surface. Closer than 84.4 miles, the surfaceAwas the
Sangamon paleosol developed from Loveland loess, itself a
fine textured eolian deposit. At all points eastward, the
underlying paleosol wvas the Yarmouth-Sangamon developed from
Kansan till. This appears to be sufficient evidence to con-
clude that, during the initial stages of loess deposition,
considerable sand from the surface upon which the loess was
deposited, was mixed with the eolian material from the source
area, the Missouri River Valley. Other local sources such as
spall strear and river flood plains, also contributed consid-
erable sand to the loess throughout the period of deposition.
The mica present in the loess can be considered as being
derived from the Missouri River Valley. At no place along

the traverse did mica appear in the paleosol. Therefore,
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this surface could not have contributed sand size mica to the
loess. Figure 37 supports this conclusion. The functional
relationship between the percent of the sand which is mica
and distance from the source area is very exact, explaining
94 percent of the variability of the data. The mica de-
creases very rapidly with distance. It is an éasily
veatherable mineral. The more strongly developed soils have
no mica in the solum. Even the minirally developed soils
nearest the source area shoved marked decreases in mica con-
tent in the solum. The decrease in rica in the sand fraction
must then be attributed to weathering.

Since both mica and the other clear and opaque grains
decrease with distance, the sum of these tvwo must also de-
crease, This is apparent in Figure 38. The influence of the
clear and opague .grains is strongly expressed, particularly
on the eastern end of the traverse. This is to be expected
since only traces of mica occur there.

Since the percent of the sand grains which may be con-
sidered as primary depositional sand decreasés with distance
from the source area, the percent of the sand which is sec-
ondary concretions must increase with distance. This is
shown in Pigure 39. These concretions must form in place by
the translocation of iron and manganese post-depositionally.
It could be logically expected that concretions would be as-

socjiated vwith the deoxidized zone in the loess since



Fiqure 37. Rélationship betveen percent mica in the sand size fraction and
distance from the loess source area
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Pigure 38. Relationship between percent total primary grains in the sand size
sraction and distance from the loess source area
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Figure 39. Relationship between percent seccndary iron-manganese concretjons in
the sand e:l.ze fraction and distance from the loess source area
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segregation of iron is a characteristic of this weathering
zone (Ruhe, 1969a). The systematic.vatiation does not ihdi~
cate this to ke true if there exists in the loess a definate
deoxidized zome with uniform morphology across the loess
Frovince. It appears then, that the degree of deoxidation
must also vary with distance from the soufce area. In other
vords, the degree of deoxidation appears to be part of the
overall loess system rather than a discrete entity vith no
systematic variability.

Of the thiee tyres of sand grains distinquished in this
investigation,ionly tvo can be expected to vaty vwith weather-
ing. These are the mica and the secondary concretions.
Figure 40 shows the relationship between these tvwo grain
tyres. As the mica content of the sand decreases, . the
Fercent of seccndary concretions increases. The mica was ob-
served to be predominantly biotite, a ferromagmesian mineral.
It is possible that a portion of the iron in the concretions
is derived from weathering of this mineral. This contribu-
tion would be small wost likely. During deoxidation process-
es, the iron is most likely stripped from individual silt
grains and crystallized into concreticnary foras.
Irrespective of the original source of iron, both the amount
of concretions and mica serve as indications to illustrate
the increased degree of development of soil eastward avay

from the loess source area. The increase im secondary iron-
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ranganese concretions can reasonably occur only in an
increasingly more moist environment. 1Ircn would not be
solubalized under the dry conditions of western lowa, and if
it were, there would be no medium for movement., On the |
eastern end of the traverse, adequate moisture is present to
perenit movement of irom. Iron must exist in the reduced
ferrous state to be soluble and hence mobile. Waterlogging
can produce these conditions (Alexander, 1961) . Exposure to
a oxidative environment can result in oxidation to the
insoluble, imobile ferric state of iron. Therefore it is
likely that the perched vater-table has exerted considerable
influence on the formatibn of secondary iron—ﬁanganese
concretions in the loess. PFurthermore, the systematic rela-
tionship between concretions and mica could lead to the con-
clusion that this water-table is also an important factor in
veathering of loess to develop the soils on the present

surface.
Free ircon and manganese distribution

The weathering cf loess in place was shown to influence
the distribution and frequency of secondary iron-manganese
concretions in the sand size fraction of the material. It is
then logical to assume that the iron and manganese have been
redistributed in other size fractions. In addition the

solubility of these should be affected also. The rawv data is



Pigure 40. Relationship between secondary iron-manganese concretioas and primary
rica in the sand size fraction
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given in Appendik F and the statistical summafy is shown in
Table 9. The average percent of citrate-dithionite soluble
iron, free iron, tends to increase slightly away from the
loess source area. Freé manganese, from the same extraction
procedure, also éhovs an increase with distance. O0Of more
interest is the standard deviation and coefficient of varia-
tion of the data. Bcth of these statistics measure the
dispersion of the data about the mean value. The absolute
dispersion, or standard deviation, increases with distance
avay from the loess source area for both the iron and manga=-
nese. .The relaiive dispersion about the mean, or coefficient
of variation, shovs the same trend for irom and emphasizes it
for manganese.

The primary characteristic used to separate oxidized
from deoxidized loess is the distribution of iron within the
matrix (Ruhe, 1969a). By definition, deoxidized loess has
the iron removed from the silt grains and translocated into
segregations. Ruhe (1969a), in discussing the southwestern
Iowa loess province, presents an eguation‘which indicates
that the deoxidized zone merges with the present surface at a
loess thickness of 160 inches. The implication is that the

zone is identical, morphologically, at any point where it is

encountered. If this is true, then the vertical distribution
of free iron and associated manganese should be identical

within the deoxidized zone at any location. As is obvious .
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ffoh Table 9, this is not the case. The process of
deoxidation must involve redistribution of thesé elements
within the loess. There is no apparent reason for this re-
distribution to have a vectorial property, but rather it
would be expectéd to occur randomly throughout the matrix,
Therefore, the rédisfribution of iron associated wigh
deoxidation should be reflected in vertical or horizontal
sampling. The increasing deviation with distanée from the
loess source area indicates , then, that the deoxidized zone
is a systematic feature of the loess and increaseé with
distance. It therefore seems unrealistic to discuss this
weathering zone in southvwestern Iowa as a continuous,
monolithic feature. Rather, deoxidation, as shown by varia-
bility in the free iron and manganese distribution, should be
vieved in degrees of alteration. This fits thé systen of
alteration or weathering as reflected im soil morphology, in-
creasing with distance from the loess source area;

If the deoxidized loess can be viewed in this manner,
then it also must Le re}ated to a unifying mechanism for
leaching; solubalization and movement of constituénts. This
mechanism can oniy be moisture present in the loess over ex-
tended periods of time. The association must tﬁen be with

the perched ground-water zone above the paleosols which

. underly



Table 9. PFree iron and manganese dlstributlon statistics along the
research traverse- ‘

Site Iron Manganese
Mean Std. Dev. C.V. Mean Std. Dev. C.V.
2 0.96 0.25 25.04 0.06 0.07 116.70
3 0.84 0.44 52.37 0.06 0.04 66.67
4 C.9S 0.30 31.58 0.08 0.05 62.50
5 0.90 0.40 44 .44 0.07 0.04 57.14
6 1.02 0.30 29.41 0.08 0.03 37.50
7 1.00 0.43 43.00 0.08 0.03 37.50
8 1. 16 0.34 29.31 0.06 0.03 50.00
9 1. 29 0.78 60.47 0.07 0.05 71.43
10 1. 01 0.60 59.41 0.08 0.08 100.00
1 0.70 0.41 58.58 0.05 0.05 100.00
12 0.95 .31 32.63 0.09 0.16 177.78
13

1. 20 0.76 63.33 ' 0.09 0.C8 112.50

qnLl
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the loess. Its influence on the weathering of the loess
appears to be very great as suggested by earlier wvorkers,

(Bray, 1934, 1935, 1937; Hutton, 1948; Ruhe, 1969b).
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CONCLUSIONS AND SUNMMARY

| This study was initiated to evaluate the applicability
of the effective age concept of loess soil development in
southwestern Iowa. This reappraisal was done in light of
recent radiocarbon chronology of the loess system which ap-
peared to contradict this concept on the basis of
depositional chronology. Another objective was to introduce
ground-water as an impottant factor in the Qenesis of these
loess derived soils.

Field sites vege chosen on stable upland.primary divide
sunmits along a geographically curvilinear traverse in the
southvestern Iova loess province. Field measurements of
these sites revealed that the loess thickness decreased very
systematically, following a hyperbolic equation, with
distance. The width of the summits also decreased with
distance avay from the loess source area, the Missouri River
Valley. The combination of these factors contributed to the
ground-water table approaching the present surface vith de-
creasing loess thickmess. This zone of saturation existed
above the subjacent Samgamon and Yarmouth-Sangamon paleosol.

Radiocarbon dating indicated that the loess actually

became younger at its base further awvay from the source area.

Since it was assumed that- the surface of the loess was of a

uniforn age across the eantire loess province, the thinner

loess on the eastern end of the traverse was depositeh in



177

less time and more recently than the thicker loess. This is
in direct'opposition to the effective age concept of uniform
time of loess deposition.

At the time of loess deposition, it was apparently cal-
careous at all locations. Presently the carbonates were
detected only Bu,u.miles south eastvard from the source area.
On the basis of the systen of calcium carbonate content of
the loess, it was predicted that the carbonate content of the
criginal loess fould vary from 7.96 to 0.69 percent from the
loess bluffs to a distance of 173.2 miles avay.

The o:lg1na1 lcess increments accunmulated slowly as
evidenced by the-accunulatlon of organic carbon in the basal
soil of the Wisconsin loess. During the initial stages, dep-
osition was inferrupted by periods of erosional activity and
non-depositidn; .The sand content of the lowest increments of
loess is hiqhe; than later increments. 1In addifion, the pri-
marf sand graihs are large and not frosted indicating that
this material wis not tramsported great distances by.eolian
activity. This sand must have come from the paleosolic
surfaces upon wvhich the loess was being déposited. On the
estern end of the traverse, large sand grains, essentially
quartz, appear throughout the loess. Local sourées such as
stream flood plains and eroded side slopes were most likely
the source of this material. The micaeous sand fraction

decreased rapidly from west to east. This fraction can be
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considered as sedimentologic and derived from the Missouri
River valley. The decrease with distance can be attributed
to deposition and subsequent removal by in situ weathering.

The particle size distribution within the present cal-
careous loess is very systematic with distance. At any par-
ticular site, however, deviation from mean values is small
indicating slight post-depositional alteration. On this
basis, original parent material composition was predicted.
The > 62 micron sand size fraction increased with distance.
This was related to an abundance of secondary iron-manganese
concretion, a non-derpositional characteristic. The 31 - 62
and 16 - 31 micron silt fractions decreased wi&h distance.
All other silt fractions increased in percent with distance
from the source area. The three clay size fractions also in-
creased with distance. At the time of deposition, then, the
loess became finer textured with distance away from the
source area and the percent calcium carbonate eguivalent
decreased to a relatively low level.

On the basis of X-ray diffraction analysis of the clay
fractions, it was inferred that the depositional clay occurred
as aggregates of silt size and as coating on the silt size
.particles. This aggregation and coating effect was enhanced
and stabilized by the carbonates present in the original
loess. The predominamt clay mineral present vas

sonteorillonite. This remains predoasinant even after veath-
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ering. Minor amounts of vermiculite-chlorite,
interstratifiedlmicas and kaolinite were found. As evidenced
by x4ray diffractograms of clay from the zone of maximum clay
accunulation, weathering alteration reduces all minerals
present except uontmorillqnite which is enhanced.

As a result of the relatively imperneablé paleosols
vhich are immediately subjacent to the lcess, a zone of
ground-water saturation exists in the loess itself. It
occurs at considerable depths in the thick loess but ap-
proaches very close to the surface as the loess thins
southeastward. - In fact, in the thinner loess, it sténds in
the soil solum itself. Removal of accumulated water is.a
function of summit vidth as it affects hydrauiic gradients
and distance of lateral movement under these gradients.

Alteration of the loess must begin with tepdval of the
carbonates by léaching. Again the configuration of the
sumpits is important in infiltration or runoff characteris-
tics of each site, wider, flatter summits in the east being
the most conducive tc infiltration. The original carbonate
content is alsd important. When calcareous lbess exists
presently, a relationship is found between thg anqunt of the
loess which is calcareous and distance from the source area,
No such relationship was found with depth of leaching. It
appears that the loess containing the least amount of carbon-

ates is leached most rapidly and completely. An immediate
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consequence of this leaching is a change of particle size
distribution. The 16 - 31 micron silt fraction decreases in
percent while the remaining silt size fraction remain essen-
tially unaltered. The coarse clay changes slightly, mediup
clay increases slightly and the fine clay size fraction'
nearly doubles in percent. It is proposed that leaching of
carbonates and the presence of a moist enviornment from the
perched water-table results in the dispersion of clay
platelets in situ. The decrease in carbonates and resultant
decrease in pH would also serve to accelerate weathering and
formation of clay mimerals. This is seen in the
disappearance of several clay mimeral types and the
predominance of montmorillonite minerals in weathered soil
profiles.

Therefore, where loess is thin and the original carbon-
ate content was low, weathering is most pronounced. &
definite factor is the presence of the ground-water table
close to the surface. A considerable portion of the clay
present is a lithologic property of the original loess. It
does, however, increase with distance and degree of develop-
ment of the soil. This inétease in clay is most evident in
the fine fraction and appears to be the consequence of
accelerated weathering as discussed.

An optical examination of the sand size fraction

revealed that the resistant grains decreased with distance
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from the source area. These grains also shoved the influence
cf local sources of sand during deposition. Primary mica
grains decreased logarithmically with distance. Concurreut-
ly, secondary iron-manganese concretions increased with
distance. A very close linear relationship existed begueen
these grains. Both indicate increased weathering from west
to east.

Free iron and manganese increased slightly with distance
indicating a change frﬁm original primary ferromagnesian
mineral forms. Presumably, the only media present which
could solubilize and transport iron and manganese would be
the ground-vater table. As indicated by deviition of the
data from mean values, the iron and manganese have been pro-
gressively more redistributed on the eastern emnd of the
traverse than the west end. This more random distribution,
closely associated with the 6ccufrence of th? secondary sand
grains, indicates more alteration of the original loess
eastward from the source area.' This deviation also permits
viewing the deoxidized zone as a systematic variable rather
than as a strictly monolithic body as has been done previous-
ly. The presence and variation within this weathering zone
may be seen as indicative of degree of alteration. Since the
process of deoxidation has been associated with saturation by

water, the present perched water-table is implicated in for-

mation of soils on the present surface.
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On the baéis of this investigation, it may be concluded
that the effective age concept of soil development in loess
is not valid in southwestern Jowa. Its credulity is ques-
tioned by the radiocarbon chronology established in Iowa and
related to loess deposition. An alternative proposal is
offered vhich emphasizes sedimentologic changes in parent na-
terial, the geomorphology of the loess province and iatroduc-
es a stratigraphically associated perched zone of ground-

water saturation as being one of the most important factors

in loess alteration and soil genesis.
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APPENDIX A
ORIGINAL SOIL ASSOCIATION MAP OF IOWA

Reproduction of R. W. Simonson's 1943 soil association

map of Iowa. This map is currently unpublished and was
provided by F. F. Riecken for its inclusion in this
thesis.
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APPENDIX B:

SOIL PROFILE DESCRIPTIONS
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SITE NO.: 2 SOIL SERIES: Monona

LOCATION: NW1/4 SE1/4 sec. 27, T.97N., R.U2W.,
Harrison County, Iowa.

.+

PARENT NATERIAL: 606 inches of Wisconsin loess over a
' Sangamon paleosol.

HORIZON DEPTH DESCRIPTION
Ap 0-8n Very dark browa (10YR 2/2) silt
loam; weak finme granular structure;
friable; clear boundarye. L
A3 8-18" Dark brown (10YR 3/3) silt loam;
veak fine granular structure; - s

B1

B2

B3

c1

c2

friable; clear boundarye.

18-26% Dark yellowish brown (10YR 4/4)
‘ silt loam: weak fine subangular
blocky structure; friable; clear

boundary. .

26-40¥% Dark yellowish brown (10YR 4/4)
: and yellowish brown (10YR 5/4) ‘silt
loam; veak fine subangular blocky
structure; friable; clear boundary.

40-50n Yellowish brown (10YR 5/4) silt
loam; very weak fine subangular
blocky structure; friable; clear
boundary.

50-90" Yellowish brown (10YR 5/5) silt, -
loam; fev fine distinct yellowish
brown (10YR 5/6) and light gray (5Y
7/71) nottles; massive structure;
friable; abrupt boundary.

90-137"» Light yellowish brown (10YR 6/4)

' silt loam; few fine distinct dark
brown (10YR 3/3) mottles; massirve
structure; clear boundary; calcare-
ous. i



c3

c4

Cc5

cé6

c?

Cc8

c9

IIB1

137-264"

264-324"

324-428"

428-482"

482-496"

496-515"

515-606"

606-612"
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Yellowish brown (10YR 5/4) silt

loam; many fine distinct yellowish
brown (10YR 5/6) and light olive gray
(5Y 6/2) mottles; massive structure;
clear boundary; calcareous.

Yellowish brown (10YR 5/4) silt
loam; compon medium distinct light
olive gray (5Y 6/2) and yellowish
brown (10YR 5/6) mottles; massive.
structure; clear boundary; calcare-
ous.

Light olive brown (2.5Y 5/4)

silt loam; common coarse distinct
light olive brown (5Y 6/2) and few
medium distinct yellowish brown (90YR
5/6) mottles; massive structure;
friable; abrupt boundary; calcareous.

Olive (5Y 5/4) silt loanm;

massive structure; friable; clear
boundary; calcareous; Fe~Mn 2zone fron
428 - 436 inches; it is yellowish
brown (10YR 5/6).

Light olive brown (2.5Y 5/6) silt
loam; many fine black Fe-Mn specks;
massive structure; friable; clear
boundary; calcareous.,

0live (5Y S5/4) silt loam;
massive structure; friable; abrupt
boundary; calcareous.

Olive (5Y 5/3) silt loam; massive
structure; friable; abrupt boundary;
small orqgamic carbon flecks from 600
to 606 inches indicates the basal
soil of the Wisconsin loess.

Yellowish brown (10YR 5/4)

to dark yellowish brown (10YR 4/4)
silty clay loam; few fine distinct
strong brown (7.S5YR 5/6) mottles;:.
firm to friable; Sangamon paleosol.



SITE NO.:
LOCATION:

PARENT MATERIAL:

HORIZON

Ap

A3

B21

B22

E3

of |

c2
c3

3
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SOIL SERIES: Monona

SE1/4 NE1/4 sec. 12, T.79N., R.41W.,
Harrison County, Iowa.

528 inches of Wisconsin loess over a

Sangamon paleosol.

DEPTH
o-6"

6-18"

18-23"

23-30"

30-41"

41-96"

96-144"

144-303"

DESCRIPTION

Very dark brown (10YR 2/2) silt
loam; weak fine granular structure;
friable; abrupt boundary.

very dark brown (10YR 2/2) silt
loam; weak fine subangular blocky
structure breaking to weak fine
granular structure; friable; abrupt
boundary.

Dark brown (10YR 3/2) silty
clay loam; vweak fine subangular
blocky structure; friable; clear

boundary.

Dark yellowish brown (10YR 4,/4)

silty clay loam; moderate mecium
subangqular blocky structure; friable;
abrupt boundary.

Yellowish brown (10YR 5/6) silty
clay loam; weak fine subangular
blocky structure; friable; abrupt
boundary.

olive (5Y 5/3) silt loam; few

fine prominent strong brown (7.5YR
5/6) mottles; massive structure;
friable; abrupt boundary.

Same as above but calcareous,

Yellowish brown (10YR 5/6)

silt loam; common fine faint olive
gray (5Y 5/2) relict nottles; massive
structure; friable; abrupt boundary;
calcareous. '



ca
cS

Cé6
c7

c8

Ab

Cb

IIB21t

303-342n
342-390"

390-432"
432-478"

478-516"

516=521"

£21-528"

£28-564"
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Olive {5Y S5/3) silt loanm;
massive structure; friable; abrupt
boundary; calcareous.

Dark yellowish brown (10YR 4/4)
silt loam; massive structure;
friable; abrupt boundary; calcareous.

Yellowish brown (10YR 5/6)

silt loam; cchmon fine faint olive
gray (5Y 5/2) relict mottles; massive
structure; friable; abrupt boundary;

calcareous.

Olive gray (5Y 5/2) silt loam;

fev fine distinct dark yellowish
brown (10YR 4/4) mottles; massive
structure; friable to sticky; abrupt
boundary; calcareous.

Greenish gray (S5BG 5/1) silt
loam; massive structure; sticky;
abrupt boundary; calcareous.

Black (5Y 2/2) silt loam;

massive structure; abrupt boundry;
organic carbon flecks indicate the
basal soil of the Wisconsin loess.

Dark greenish gray (5GY 4/1)
silt loam; massive structure;
sticky:; abrupt boundary.

Gray (5Y 5/1) clay loanm;
strong medium subangular blocky
structure; firm; Sangamon paleosol.



SITE NO.:

LOCATION:

FARENT MATEBIAL:

HOBIZON

Ap

A3

E21

B22.

E3

c1

Fe-HNn

4
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'SOIL SERIES: Monona

SW1/4 NW1/4 sec. 28, T.79N., R.38W.,
Shelby County, Iowa.

356 inches of Wisccnsin loess over a

Sangamon paleosol.

DEPTH
0-6"

6-22"

22-31»

31-42"

42-57"

57-114"

114-116"

DESCRIPTION

Very dark brown (10YR 2/2) 511t
loam;weak fine granular structure;
friable; abrupt boundary.

Black (10YR 2/1) silt loanm; weak
medium subangular blocky structure
breaking to weak fine granular struc-
ture; friable; abrupt boundary.

Dark yellowish brown (10YR 3/4)

silty clay loam; moderate medium
subangular blocky structure~ friable;
clear boundary.

Dark yellowish brown (10YR 4/4)

silty clay loanm; moderate mediunm
subangular blocky structure; friable;
clear boundary.

Dark yellowish brown (10YR 4/4)
silty clay loam; few fine distinct
yellovish brown (10YR 5/6) mottles;
moderate fine subangular blocky
structure; friable; abrupt boundary.

Olive brown (2.5Y 4/4) silt loanm;
comron fine prominent olive (5Y 5/3)
and yellowish brown (10YR 5/6)
mottles; weak fine subamqular blocky
structure; friable; abrupt boundary.

Yellowish red (SYR 5/6)
silt loam; moderate fine granular
structure; firm; abrupt boundary.



c2

c3

Fe-Mn

c4

c5

cé

c7

c8

c9

Cc10

116-129"

129-151"
151-152"

152-179"

179-236"

236-280"

280-290"

790-305"

305-325"

325-336"
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olive (5Y 5/3) silt loam; common
fine prorinent yellowish brown (10YR
5/6) mottles; massive structure;
friable; abrupt boundary.

Same as above except calcareous.

Yellowish red (SYR 5/6)
silt loan; weak fine granular struc-
ture; firm to friable; abrupt bounda-

ry; calcareous.

Olive gray (5Y 5/2) silt loanm;

many medium prominent yellowish
brown (10YR 5/6) mottles; massive
structure; clear boundary; calcare-
ous.

Grayish brown (2.5Y 5/2) silt

loam; conmon fine distinct olive

gray (5Y 5/2) mcttles; massive struc-
ture; friable; calcareous.

Dark yellowish brown (10YR 4,/4)

silt loanm; few fine distinct olive
(5Y 5/3) mottles; massive structure;
friable; clear boundary; calcareous.

Grayish brown (2.5Y 5/2) silt
loam; common medium distinct yellow-

ish brown (10YR 5/4) mottles; massive
structure; friable; abrupt boundary;
calcareous.

Brown to dark brown (7.5YR 4/4)

silt loam; few fine distinct dark
yellowish brown (10YR 4/4) mottles;
massive structure; friable to sticky;
abrupt boundary; calcareous.

Olive (5Y S/3) silt loanm;

conmon mediur prominent yellowish
brown (10YR 5/6) mottles; massive
structure; friable to sticky; clear
boundary; calcareous.

Olive gray (5Y 5/2) silt loam;
comnon medium prominent yellowish
brown (10YR 5/6) mottles; massive
structure; sticky; abrupt boundary.



Ab

Ccb

IIM

IIA2

IIB1t

IIB21t

IIB22¢t

336-345"

345-356"

356-358"

358-365"

365-373"

373-391%

391-402%
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Dark grayish browan (10YR 4/2)

silty clay loam; few fine prominent
brown to dark brown (7.5YR 4,/4)
mottles; weak fine subangular blocky
structure; sticky; abrupt boundary;
organic carbon flecks indicate the
basal soil of the Wisconsin loess.

Olive gray (5Y S/2) silt loanm;

common fine prominent yellowish red
(SYyR 5/6) mottles; massive structure;
sticky; abrupt boundary.

Dark brown (7.5YR 3/2)

silty clay loam; comnon fine dis-
tinct yellovwish red (S5YR 5/8)
mottles; weak tc medium fine granular
structure; friable to sticky; abrupt
boundary; Sangamon paleosol.

Dark yellowish brown

(10YR 3/4) silty clay loam; weak
fine granular structure; friable;
abrupt boundary.

Brown to dark brown

(10YR 4/3) clay loam; common medium
distinct brown to dark brown (7.5YR
4/4) mottles; weak fine subangular

blocky structure; firm to friable;

abrupt boundary.

Dark grayish brown

(10YR 4/2) clay loam; common mediunm
prominent strong brown (7.5YR 5/6)
mottles; moderate medium subangular
blocky structure; firm; abrupt bound-
ary.

Dark grayish brown

(10YR 4/2) clay loam; comnmon medium
proninent dark reddish brown (S5YR
3/4) mottles; strong mediam
subangular blocky structure; firm;
abrupt boundary.



IIR23t

402-u08"

202

Brown to dark brown

(7.SYR 4/2) clay loam; nmediunm
subanqular blocky structure; firn.
many fine distinct reddish browm (S5YR
4/4) mottles; nmoderate medium
subangular blocky structure; firn.



SITE NO.:
LOCATION:

S
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SOIL SERIES: MHNinden

SE 1/4 NW1/4 sec. 24, T.87N., R.37W.,
Shelby County, Iowa.

PARENT MATERIAL:

HORIZONXN

Ap

A3

B21

B22.

B23

B3

c1

288 inches of Wisccensin loess over a

Sangamon paleosol.

DEPTH
0-6%

6-11"

11-15"

15-24"

24-30"

30-43"

43-87"

DESCRIPTION

Black {10YR 2/1) silt loam; weak
fine granular structure; friable;
abrupt boundary.

Black (10YR 2/1) silt loam; weak

fine subanqular blocky structure
breaking to weak fine granular struc-
ture; friable; clear boundary.

very dark brown (10YR 2/2)

silty clay loam; moderate fine
subanqular blocky structure- friable;
clear boundary.

Very dark grayish brown

(10YR 3/2) silty clay loam; moderate
medium subangular blocky structure;
friable; clear boundary.

Dark brown (10YR 3/3) silty
clay loam; moderate mediunm
subangular blocky structure; friable;

clear boundary.

Dark yellowish brown (10YR 4,/4)

"silty clay loam; weak medium

subangular blocky structure; friable;
clear boundary.

Olive gray (5Y 5/2) silt loan;
common medium distinct yellowish
brown (10YR 5/6) mottles; massive
structure; friable; abrupt boundary.



C2

C3

(o)

c5

Ab

IIAt

IIA2

IIB21t

87-172»

172-227"

227-253n

253-285"

285-288"

288-292"

292-301"

301-315"
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Olive gray (5Y 5/2) silt loan;
comnmon medium distimct yellowish
brovn (10YR 5/6) mottles; massive
structure; abrupt boundary; calcare- .
ous. :

Brown to dark brown (10YR 4/3)

silt loam; few faint black (S5YR 2/1)
Mn stains; massive structure;
friable; abrupt boundary; calcareous.

Brown (10YR 5/3) silt loam; few
faint black (S5YR 2/1) Mn stains;
massive structure; sticky; abrupt
boundary.

Olive gray (5Y 5/2) silt loan;

thin horizontal bands of oxides;
many Fe-Mn concretions 1-2 am in
diameter; massive structure; sticky;
abrupt boundary.

Black (10YR 2/1) silt loam;

massive structure; sticky; abrupt
boundary; much organic carbon indi-
cating the basal soil of the
Wisconsin loess.

Very dark brown (10YR 2/2)

silty clay loam; moderate fine
granular structure; friable; clear
boundary; Yarmouth-Sangamon paleosol.

Dark grayish brown

(10YR 4/2) clay loam; moderate fine
subangular blocky structure; firm;
abrupt boundary.

Very dark grayish brown \
(10YR 3/2) clay loam; strong medium
subangular blocky structure; very
firm.



SITE NO.:

LOCATION:

6
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SOIL SERIES: Sharpsburg

Nﬂ‘l/‘l NE1/“ sec, 10. T.77N., Ro33“o'

Adair County,

PARENT MATERIAL:

HORIZON

Ap

Al12

A3

'B1

B21

B22

B23

DEPTH
0-6"

6°10"
10-14°
ja-24m
24-32"

32-42n"

42-48"

Iova.

197 inches of Wiscomsin loess over a
Yarmouth-Sangamon paleosol.

DESCRIPTION

Very dark brown (10YR 2/2) silt
loam; moderate fine granular struc-
ture; friable; abrupt boundary.

Very dark Qrayish btowni(fOYR 3/2)
silt loam; moderate fine subangular
blocky structure; frxable- clear

boundary.

Dark brown (10YR 3/3) silt locanm;
veak medium subangular blocky struc-
ture; friable; clear boundary.

Dark grayish brown (10YR 4/2)
silt loam; wveak medium subangqular
blocky structure; friable; clear
boundary.

Brown to dark brown (10YR 4/3)

silty clay loam; moderate medium
subangular blocky sttuctute- friable;
clear boundary. -

Park yellowish brown (10YR 4/4)
silty clay ‘loarm; fev fine distinct
yellowish brown (10YR 5/6) and

| grayish brown (2.5Y 5/2) mottles;

strong medium subangular blocky
structure; friable; clear boundary.

Dark yellowish brown (10YR 4/4)

silt loam; common fine distinct yel-
lowish brown (10YR 5/6) and grayish
brown (2.5Y 5/2) mottles; medium fine
subangular blocky sttucture- friable;
clear boundary.



B3

c

Cc2

c3

Ab

IIB1

IIB21

48-54n

54-136"

136-160"

160-192"

192-197"

197-214n

214-240"

o
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Light olive brown (2.5Y 5/4) silt
loam; many mediuw prominent yellow-
ish brown (10YR 5/6) and grayish
brown (2.5Y 5/72) mottles; weak fine
subangular blocky structure; friable;
clear boundary.

Grayish brown (2.5Y 5/2) silt

loam; many medium prominent yellow-
ish brown (10YR 5/6) mottles; massive
structure; friable; abrupt boundary.

Grayish brown (2.5Y 5/2) silt

loam; many mediue prominent yellow-
ish brown (10YR 5/6) mottles:; massive
structure; friable; abrupt boundary;
calcareous.

Grayish brown (2.5Y 5/2) silt

loan; few fine prominent brown
(7.5YR 5/4) mottles; massive struc-
ture; friable; abrupt boundary.

Dark grayish brown (2.5Y 4/2)

silt loam; massive structure;

sticky; abrupt boundary; many organic
carbon flecks indicate the basal soil
of the Wisconsin loess.

Dark yellowish brown _

(10YR 4/4) silty clay loam; veak

fine granular structure; firm; abrupt
boundary; Yarmouth-Sangamon paleosol.

Olive brown (2.5Y 4,/4)

clay loam; few fine distinct dark
yellowvish brcwn (10YR 4/4) and yel-
lovish brown (10YR 5/6) mottles;
strong pedium subangular blocky
structure; firm.
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SITE NO.: 7 SOIL SERIES: Macksburg

LOCATION: SW 1/u S¥W 1/4 sec. 31, T.77N., R. 30H.,
Adalr County, Iowa.

PARENT HATERIAL: 164 inches of Wisconsin loess over a
Yarmouth-Sangamon fpalecsol.

HORIZON DEPTH DESCRIPTION

Ap 0-6" Black (10YR 2/1) silt loam; weak
fine granular structure; friable;

abrupt boundary.

A12 6-16" Black (10YR 2/1) silt loam; weak
‘ fine subangqular blocky structure;
friable; clear boundary,

A3 16-22" Very dark braown (10YR 2/2i silt
loam; wveak fine subangular blocky

structure; friable; abrupt boundary.

Bt 22-29" Dark yellowish brown (10YR 3/4)
silt loam; weak medium subangular
blocky structure; friable; abrupt
boundary.

E22 29-33" Brown toc dark brown (10YR 4/3)
silty clay 1oam; few fine faint
grayish brown (2.5Y 5/2) mottles;
moderate medium subangular blocky
structure; friable; abrupt boundary.

B23 33-46" Grayish brown (2.5Y 5/2) silty
clay loam; few mediun prominent yel-
lowish brown (10YR 5/6) mottles; weak
medium subangular blocky structure;
friable; clear boundary.

E3 46-60" Grayish brown (2.5Y 5/2) silt
loam; few medium prominent yellowish
browvn (10YR 5/6) mottles; weak fine
subangqular blocky structure; friable;
clear boundary.



c1

c2

c3

b

IIB2

60-109"

109- 142

142-161v

161-164"

164-168"
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Grayish brown (2.5Y 5/2) silt

loam; common medium prominent browun
(7.5YR 5/4) nmottles; massive struc-
ture; friable; abrupt boundary.

Grayish brown (2.5Y 5/2) silt

loam; common medium prominent brown
(7.5YR 5/4) nmottles; massive struc-
ture; friable; abrupt boundary; cal-
careous. ‘

Gray to light gray (2.5Y 6/0)

silt loam; common medium pronminent
brown (7.5YR 5/4) mottles; massive
structure; friable to sticky: abrupt

boundary.

Olive brown (2.5Y 4/4) silt

loam; massive structure; sticky:
abrupt boundary; many orgamic carbon
flecks indicate the basal soil of the
Wisconsin loess.

Dark yellowish brown

(10YR 4/4) clay loam; strong medium
subanqular blocky structure; firm;
Yarmouth-Sangamon paleosol.
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SITE NO.: 8 . SOIL SERIES: Sharpsburg

LCCATION: SW1/4 NW1s4 sec. 31, T.75N., R.29W.,
Madison County, Iowa.

PARENT MATEBIAL: 156 inches of Wisconsin loess over a
Yarmouth-Sangamon paleosol.

HORIZON  DEPTH DESCRIPTION 5

Ap 0-8% Very dark brown (10YR 2/2) silt
loam; weak fine granular structure;
friable; abrupt boundary.

A3 8-18" Very dark brown (10YR 2/2) silt
‘ loam; weak fine subanqular blocky
structure; friable; clear boundary.

B1 18-25" Dark brown (10YR 3/3) silty clay
loam; weak fine subangular blocky
structure; friable; clear boundary.

B21t 25-34w Brown to dark brown (10YR 4/3)
silty clay loam; moderate mediun
subangular blocky structure; friable;
clear boundary. '

B22t 34-46" Dark grayish brown (10YR 4/2)
silty clay loam; few medium distinct
yellowish brown (10YR 5/6) mottles;
strong mediup subangualr blocky
structure; firm; clear boundary.

F3 46-59" Dark grayish brown (2.5Y 4/2)

silty clay loam; common medium dis-
tinct yellowish brown (10YR 5/6)
nottles; moderate medium subangular
blocky structure; firm; abrupt bound-

ary.

c1 59-83" Olive (5Y 5/3) silty clay loan;
: common mediup prominent yellowish i
red (SYR 4/6) mottles; massive struc-
ture; friable; abrupt boundary.



c2

Fe-Mn

c3

Ab

IIB1

IIB21t

IIB22t

83-125"

125-133%

133-150"

150-156"

156-164"

164-180"

180-220"
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Olive gray (SY S5/2) silty clay
loam; few mediur prominent black
(5YR 2/1) mottles and many fine
prominent reddish brown (SYR 4/6)
mottles; massive structure; friable
to sticky; abrupt boundary.

Olive (5Y 5/2) silt loanm;

many coarse prominent reddish brown
(5YR 4/6) iron oxide concretions;
massive structure; friable to sticky;
abrupt boundary.

olive gray (5Y 5/2) silt loam;

many medium prominent reddish browr
(5YR U4/6) mottles; massive structure;
friable to sticky; abrupt boundary.

Very dark grayish brown

(10YR 3/2) silty clay loam; massive
structure; sticky; abrupt boundary;
many organic carbon flecks indicate
the basal soil of the Wisconsin

loesse.

Olive gray (5Y 5/2) clay

loam; moderate medium subangular
blocky structure; firm; abrupt bound-
ary; Yarmouth-Sangamon paleosol.

Dark grayish brcwn

(2.5Y 4/2) clay loam; many fine dis-
tinct yellowish brown (10YR 5/6)
mottles; moderate medium subangular
blocky structure; firm; abrupt bound-
arye.

Olive gray (5Y 5/2) clay

loam; many medium distinct light
olive brown (2.5Y 5/6) mottles and
prominent yellowish red (SYR 5/6)
mottles; strong medium subangular
blocky structure; firm.
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SITE NO.: 9 . SOIL SERIES: Winterset

LOCATION: NE1/4 SW1/4 sec. 4, T.73N., R.38N.,
- Union County, Iowa.

PARENT MATERIAL: 140 inches of Wisconsin loess over a
Yarmouth-Sangamon paleosol.

HORIZON  DEPTH DESCRIPTION

Ap - 0-6" Black (10YR 2/1) silt loam; weak
: fine gramilar structure; friable;
abrupt boundary. '

A12 6-12" Black (10YR 2/1) silt loam; weak
medium granular structure; friable;
clear boundarye.

A3 12-22" very dark brown (10YR 2/2) silty
clay loam; weak medium subangular
blocky structure; friable; abrupt
boundary.

B21 22-~-28" Dark grayish brown (2.5Y 4/2)

‘ silty clay loam; common fine dis-
tinct yellowish browm (10YR S5/4)
mottles; weak medium subangular
blocky structure; friable; clear
boundary.

B22 28-36" Grayish brownm (2.5Y 5/2) silty
clay loam; common medium prominent
vyellowish brown (10YR 5/6) mottles;
noderate medium subangular blocky
structure; friable; clear boundary.

B23 36-52" Grayish brown (2.5Y 5/2) silty
clay loam; common medium prominent
yellowish brcwn (10YR 5/6) mottles;
veak fine subangular blocky struc-
ture; friable; clear boundary.

B3 52-60" Light brownish gray (2.5Y 6/2)
silt loam; comnon medium prominent
brown (7.5YR 5/4) mottles; weak fine
subangular blocky structure; friable;
clear boundary. .



c1

c2

Ab

IIB21

IIB22

60-94%

94-136"

136-140"

140-152"

152-168"
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Gray (2.5Y 6/0) silt loam; common
fine prominent strong brown (7.5YR
5/6) mottles; massive structure;
friable; abrupt boundary.

Light olive brown (2.5Y 5/4) silt
loan; many fine prominent yellowish
brown (10YR S5/4) mottles; massive
structure; friable; abrupt boundary.

Very dark grayish brown

(10YR 3/2) silt loam; massive struc-
ture; sticky; abrupt boundary;
presence of organic carbon flecks in-
dicates the basal soil of the
Wisccnsin loesse.

Dark grayish brown ,

(2.5Y 4/2) clay loam; fevw fine dis-
tinct dark yellowish brown (10YR 4/4)
mottles; moderate fine subangular
blocky structure; firm; abrupt bound-
ary; Yarmouth-Sangamon palecsol.

Very dark grayish brown

(2.5Y 3/2) clay loam; common fine
prominent brown (7.5YR 5/4) mottles;
stronqg medium subangular blocky
structure; firm.
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SITE NO.: 10 . SOIL SERIES: Haig

LOCATION: SE1/4 NW1s4 sec. 12, T.71N., R.26H.,
Clarke County, Iowa. ,

PARENT HlTERIALi 10z inches of Wisccnsin loess over a
‘ Yarmouth-Sangamon paleosol. =

HORIZON DEPTH DESCRIPTION

Ap 0-8" Black (10YR 2/1) silt loam; weak
fine granular structure; friable;
abrupt boundary. :

A3 8-17" Black (10YR 2/1) light silty clay
S loam; moderate fine subangular
blocky structure; friable; abrupt

boundarye.

B1t 17-24" Very dark grayish brown
' (10YR 3/2) silty clay loam; many
fine distinct dark brown (10YR 2/2)
mottles; moderate finme subangular
blocky structure; friable; abrupt
boundary.

B21t 24-30" very dark gray (10YR 3/1) silty
clay loam; ccmmon fine distinct yel-
lowish brown (10YR &4/4) mottles;
moderate medium subangular blocky
structure; firm; abrupt boundary.

R22t 30-42" Very dark gray (10YR 3/1) clay
loam; common fine distinct dark yel-
lowish brown (10YR 4,/4) mottles;
strong coarse subangular blocky
structure; firm; abrupt boundary.

E23t 42-48n Olive gray (5Y 4/2) clay loan;

' commcn medium distinct yellowish
brown (10YR 5/6) mottles; strong
medium subangular blocky structure;
firm; abrupt boundary.



B3

c1

Fe-Htn

c2

Ab

IIB21t

IIe22t

48-56"

56~63"

63-65"

65-96"

96-102"

102-131"

131-144»
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Olive gray (5Y 4/2) silty clay

loam; common medium prominent strong
brown (7.5YR 5/6) mottles; weak
mediun subangular blocky structure;
abrupt boundary.

Olive gray (SY 5/2) silty clay

loam; many coarse prominent strong
brown (7.SYR 5/6) nmottles; massive
structure; friable to sticky; abrupt

boundary.

Yellovwish red (5YR 5/8) silt
loam; moderate fine granular struc-
ture; firm; abrupt boundary.

Olive gray (5Y 5/6) silty clay

loam; common fine prominent dark
yellowish brown (10YR 4/4) mottles
and few fine faint blueish gray (S5EG
5/1) mottles below 88 inches; massive
structure; sticky; abrupt boundary.

Dark gray (5Y 4,1) silty clay

loam; weak fine granular to massive
structure; sticky; abrupt boundary;
presence of organic carbon flecks in-
dicates the basal soil of the
Wisconsin loess.

Gray (5Y 5/1) clay loanm;

conmon medium prcminent yellowish
red (S5YR 4/6) mottles; strong mediunm
subanqgular blocky structure; firm; -
abrupt boundary; Yarmouth-Sangaamon
paleosol. .

Olive (5Y 5/3) clay loanm;

cogmon fine prominent yellowish red
(S5YR 5/8) mottles; strong medium
subangular blocky structure; very
firm.



215

SITE NO.: 11 SOIL SERIES: Haig

LOCATION: SE1/4 NE1/4 sec. .15, T.70N., R.24N.,
Decatur County, Iowa.

PARENT MATERIAL: 106 inches of Wisccnsin loess over a
Yarmouth-Sangamon paleosol.

HORIZON DEPTH DESCRIPTION

A 0= Very dark brown (10YR 2/2) silty

P :
clay loam; weak fine granular struc-
ture; friable; abrupt boundary.

A3 7-16" Black {10YR 2/1) silty clay loan;
: wveak fine subangular blocky struc-
ture; friable; abrupt bolndary.

B1t 16~21" Very dark grayish brown
- (10YR 3/2) silty clay loam; few fine
faint dark yellowish brown (10YR 4/4)
mottles; moderate medium subangular
blocky structure; firm; abrupt bound-

ary. :

B21t 21-28" Very dark gray (10YR 3/1)
: silty clay loam; common fine dis-
tinct dark yellowish brown (10YR U/4)
mottles; strcng medium subangular
blocky structure; firm; abrupt bound-

ary.

B22t 28-34n Dark gray (2.5Y 4/1) light clay
loam; common medium distinct brown
to dark brown (7.5YR 4,/4) mottles;
strong medium subangular blocky
structure; firm; abrupt boundary. |

B23t 34-48" Olive gray (5Y 5/2) silty clay
loam; common medium prominent brown
to dark brown (7.5YR 4/4) mottles;
weak medium subangular blocky struc-
ture; very firm; abrupt boundary.



B3

Fe-=Mn

Ab

IIB21t

4g-58"

58-65"

65-102"

102-106"

106-120"
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Olive gray (S5y S/2) light silty

clay loam; common medium dictinct
brown to dark brown (7.5YR 4/4)
mottles; weak fine subangular blocky
structure; firm to sticky; abrupt:
boundary.

Strong brown (7.S5YR 5/6)
silt loam; weak fine granular struc-
ture; firm; abrupt boundary.

Gray (5Y 5/1) silty clay loam;

few medium prominent brown to dark
brown (7.5YR 4/4) mottles; massive
structure; sticky; abrupt boundary.

Very dark gray (10YR 3/1) silty

clay loam; massive structure;
sticky; abrupt boundary; presence of
many organic carbon flecks indicates
the basal scil of the Wisconsin
loess. '

Dark gray (10YR 4/1)
clay loam; few fine faint gray (10YR
S/1) nmottles; very strong medium
subangular blocky structure; very
firm; Yarmouth-Sangamon paleosol.



SITE NO.:

LOCATION:

12

SWi/4 N
Wayne C

PARENT MATERIAL:

HORIZON

Ap

a2

B21t

B22t

B23t

B3

DEPTH
0-8n

8-16%

16-21"

21-29"

29-39¢

39-49n
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- SOIL SERIES: Edina

W1/4 sec. 25, T.69N., R.23W.,
ounty, Iowa.

96 inches of Wisconsin loess over a
Yarmouth-Sangamon paleosol.

DESCRIPTION

Very dark brown (10YR 2/2) silty
clay loanm; weak fine granular struc-
ture; friable; abrupt boundary.

park grayish brown (10YR 4/2)
silty clay loam; weak fine platy
structure breaking to weak fine
angular blocky structure; friable;
abrupt boundary.

Very dark grayish brown

(10YR 3/2) silty clay loam; weak
fine subangqular blocky structure;
friable; abrupt boundary.

very dark gray (10YR 3/1)

clay loanm;many fine distinct dark
yellowish brown (10YR 4/4) mottles;
strong medium subangular blocky
structure; firm to sticky; abrupt
boundary. :

Very dark grayish brown ,
(10YR 3/2) clay loam; many mediunm
distinct dark yellowish brown (10YR
4/4) nmottles; moderate medium
subangular blocky structure; firm to
sticky; abrupt boundary.

Dark grayish browmn (2.5Y 4/2)

silty clay loam; common mediunm
prominent yellowish brown (10YR 5/6)
mottles; moderate medium subangular
blocky structure; firm to sticky;
abrupt boundary.



BENGIO s

ADb

IIB21t

49-90"

90-96"

96-139"
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Grayish brown (2.5Y 5/2) silty

clay loam; many medium distinct yel-
lowish red (5YR 4/6) mottles; massive
structure; sticky; abrupt boundary.

Olive gray (5Y 5/2) silty clay

loamn; massive structure; sticky; one
thin band of gray (5Y 3/1) organic
carbon and many organic carbon flecks
indicate the basal soil of the
Wisconsin loess.

Dark gray (5Y 4/1) clay

loam; common medium prominent gray
{(10YR 5/1) mottles; strong mediumn
subangular blocky structure; very
firm; Yarmouth-Sangamon paleosol.



SITE NO.:

LCCATION:

13

219

SOIL SERIES: Edina

SW1/4 NE1/4 sec. 3, T.67N., R.21W,,
W#ayne County, Iowa.

PARENT MATEBRIAL:

HORIZON

Ap

A2

B21t

E22t

B23t

B3

Fe—=¥n

DEPTH
0-8"

8-16"

16-21"

21-30"

30-44n

44-65"

65-68"

79 inches of Wisconsin loess over a
Yarmouth-Sangamon paleosocl.

DESCRIPTION

Very dark brown (10YR 2/2) ‘silt
loam; weak finme granular structure;
friable; abrupt boundary.

Grayish brown (10YR 5/2) silt

loam; weak fine platy structure
breaking to weak fine angular to
subangular blocky structure; friable;
abrupt boundarye.

Very dark gray (10YR 3/1)

silty clay loam; common fine dis-
tinct dark yellowish brown (10YR 4/4)
mottles; moderate medium subangular
blocky structure; firm; abrupt bound-
ary.

Dark grayish brown (2.5Y 4/2)

clay loam; common fine distinct dark
yellowish brown (10YR 4/4) mottles;
strong medium subangular blocky
structure; firm; abrupt boundary.

Olive gray (S5Y 4/2) silty clay
loam; common medium distinct dark
yellowish brown (10YR 4/4) mottles;
weak fine subanqular blocky struc-
ture; firm; abrupt boundary.

Olive gray (5Y 5/2) silty clay

loam; few medium prominent brown to
dark brown (7.5YR 4/4) mottles; very .
weak fine anqular blocky structure;
firm; abrupt boundarye.

Yellowish red (SYR 5/6) silt
loam; medium fine angular blocky
structure; firm; abrupt boundary.



Ab

IIE21t

68~72"

72-79%

79-94n
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Olive gray (5Y 5/2) silty clay

loam; few fine prominent yellowish
red (S5YR 5/6) mottles; massive struc-
ture; very sticky; abrupt boundary.

Dark grayish brown (10YR 4/2)

silt loam; weak fine granular struc-
ture; very sticky; abrupt boundary;
presence of organic carbon flecks in-
dicates the basal soil of the
Wisconsin loess.

Grayish brown (2.5Y 5/2)

clay loam; common medium distinct
dark yellowish brown (10YR 4/4)
mottles; strong medium subangular
blocky structure; very firm;
Yarnouth-Sangamon paleosol.
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APPENDIX C

CATALOQUE OF RADIOCARBON DATES

annually by the_American Journal of Science at Yale Universi-
ty. I samples vere dated by Isotopes Incorporated, Englewood

Cliffs, New Jersey, and W samples by U. S. Geological Survey,
Washington, D. C.
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I 1023 Bently, Pottawattamie County 21,360 & 850

Spruce wood fron orqanic zone of base of Hxsconsxn loess in

cut along Rock Island Railroad im NW1/4 sec. 21, T.76N.,
R.UTH, (U1022'N, 95035'W). Section from surface downward is
leached loess, 8 feet; calcareous loess, 29 feet; leached
loess, 6 feet; organic zome in base of loess, 3 feet;
Sanganon paleosol, 4 feet. Sampled from depth of 43 to 44
feet. Collected by R. V. Ruhe, 1961, and submitted, 1963.

I 1408 Harvard, Wayne County 19,200 £ 900

orqganic carbon from base of Wisconsin loess in NW1/4 sec. 15,
T.68N., R.21H. (40042'N,93016'W). Core from surface downward
vas leached Wisconsin loess, 8.3 feet; Yarmouth-Sangamon
paleoscl, 2+ feet. Sample from depth of 7.6 to 8.3 feet.
Collected by ¥. P. Dietz and J. P. Highland, 1964' submitted

by R. V. Ruhe, 1965.

I 1410 Murray, Clarke County 20,900 £+ 1000

Oorganic carbon from base of Wisconsin loess in NW104 SW74
SeCeWe10 T.72Ne, BR.27W. (4102°%N,93057%§),. Core from surface
downvard was leached Wisconsin loess 11 feet; Yarmouth-
Sangamon paleosol, 14 feet. Sample from depth of 10.3 to 11
feet. Collected by 8. H. Dietz and J. D. H;thand, 1964

submitted by BR. V. Ruhe, 1965,

I 1411 Greenfield, Adair County 18,700 + 700

Organic carbon from fkase of Wisconsin lcess of WC sec.17,
T.70N., R.31H. (41022°N,94027%)) . Core from surface downward
vas leached Wisconsin loess, 15 feet; Yarmouth~-Sangamon
paleosol. Sample frcm depth of 14.3 to 15 feet. Collected
by ®. P. Dietz, J. D. Highland, T. E. Fenton and R. V. Ruhe,
1964; submitted by BR. V. Ruhe, 1965.
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I 1419A Humeston, Wayne County 16,500 ¢ 500

Organic carbon from base of Wisconsin loess in SE1/4 sec.21,
T.69N., R.23W. (U0O4S5°*N, 93031'W). Core from surface
downvard was leached Wisconsin loess, 9.25 feet; Yarmouth-
Sanganon paleosol. Sample from depth of 8.5 to 9.25 feet.
Collected by W. P. Dietz, J. D. Highland; T. E. Penton and R.
V. Ruhe, 1964; submitted by R. V. Ruhe, 1965.

I 1420 Bentley, Pottawattamie County 23,900 £+ 1,100

Organic carbon from buried scil A horizon at base of

Wisconsin contained spruce wood. Cf. I-1023 for section de-
scription. Reasonable agreement between soil organic carbon
and vood indicates validity of buried soil organic carbon as
dating medium. Collected by RBR. V. Ruhe, 1964, and submitted,

1965.

I 3702 Adair, Adair County . 21,150 + 450

Organic carbon from base of Wiscomsin loess on Mississippi -
Missouri Divide in NE1/4 sec.11, T.77N., R.33W. (41030°N,
94042*'W). Core from surface downward was leached Wisconsin
loess, 11.5 feet; calcareous loess, 1.8 feet; leached loess,
3.0 feet; leached loess with organic carbon, 1.3 feet;
Yarmouth~-Sangamon paleosol in Kansan till, 4.3 feet. Sample
from depth of 16.0 to 16.5 feet. Collected by B. K.
Worcester, 1968; submitted by R. V. Ruhe, 1968.
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I 3703 Persia, Harrison County 19,250 + 400

0rganic carbon from organic layer in Wisconsin loess 3.0 feet
above base of loess cn topographic divide in SE1/4 sec. 12,
T.79N., R.U41W. (41090°'N, 95033°'W). Core from surface downward
vas leached Wisconsin loess, 4.8 feet; calcareous loess, 37.2
feet; leached loess, 5.0 feet; leached Sangamon paleosol on
Loveland loess, 2+ feet. Sanmple from depth of 43.7 to 44.3
feet. Collected by E. K. Worcester, 1968; submitted by R. V.

Ruhe, 1968.

I 3943 Hancock 2, Pottawattamie County 22,200 £ 500

Organic carbon from upper half of organic zone in base of
Wisconsin loess in cut 33 along Rock Island Railroad in NC
NE1/4 sec.23,7.76N., R .UOW. (40021¢N, 95025'N). Section from
surface downward was leached loess, 9.7 feet; calcareous
loess, 15.4 feet; leached loess, 1.9 feet; leached organic
zone 1.3 feet; A1b hcrizon of Sangamon paleosol, 0.5 feet;
subjacent Sangamon paleosol in Loveland loess, 7+ feet.
Sample from depth of 27.0 to 27.6 feet. Sample and submitted
by R. V. Ruhe, 1968. Cf. I-3944, I-3945, wW-141.

I 3944 Hancock 2, Pottawattamie County 22,750 + 600

Organic carbon from lower half of organic zone in base of
Wisconsin loess in cut 33. Cf. I-3943, I-3945, W=-141.
Sapple from depth of 27.6 to 28.2 feet. '

I 3945 Hancock 2, Pottawattamie County 23,200 + 600

Crganic carbon from A1b horizon of Sangamon paleosol in cut
33. cCf. I-3944, I-3944, W-141. Sample from depth of 28.2

to 28.7 feet.
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I 4211 Lincoln Township 2, Harrison Co. 22,350 + 700

Organic carbon from dark colored band in Wiscomsin lcess in
north road cut along south line of SW1/4 sec.9, T.81N.
(41050°*N, 95045'W). Section from surface downward is calcar-
eous loess, 11.5 feet; upper dark band, 0.5 feet; calcareous
loess, 17.5 feet; lower dark band, 0.5 feet; calcareous
loess, 1.5 feet in cut; in boring at base of cut; calcareous
loess 4.5 feet; leached loess, 7.8 feet; basal leached
crganic zone, 2.4 feet; leached Sangamon paleosol, 2+ feet,
Sample depth 29.5 to 30.0 feet. Collected by ®. H. Boyd, H.
J. Kleiss and R. V. Buhe, 1969; submitted by R. V. Ruhe,

1969.

I 5107 Pisgah, Harrisom County 23,300 ¢ 550

Organic carbon and charcoal flecks from base of Wisconsin
loess. Located in scuth corner of SWi/4 sec.8, T.81N.,
R.U4W. Sample located in vertical face near top of bluff 100
feet above grade of county rcad D (see Ruhe, R. V. 1949. A
Bignell(?) loess section in western Jowa, Iowva Acadamy of
Science. 56: 229-231.). Collected by B. K. Worcester, G. A.
Miller and R. V. Ruhe, 1970; submitted by R. V. Ruhe, 1970.

I 5527 Elk Horm, Shelby County

Organic carbon from base of Wiscomsin lcess in SE1/4NW1/4

sec.2U, T.78N., R.37%. (41032'N, 9502'R). Core from surface
downwvard vas leached loess, 7.3 feet; calcareous loess, 11.7
feet; leached loess, 4.9 feet; leached loess with organic

carbon, 0.5 feet; Yarmouth-Sangamon paleosol in Kansan till,
2+ feet. Sample fror depth of 23.9 to 24.5 feet. Collected
by B. K. Worcester, 1970; submitted by W. H, Scholtes, 1970.
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% 141 Hancock, Pottawattanmie County 24,500 ¢ 800

Larch wood from peat at base of Wisconsin loess>ih south cut

along BRock Island Railroad im NC NE174 sec. 23, T.76N.,
R.40W., (41021'N, 95025* ¥W). Section from surface downward
was leached loess, 9.7 feet; calcareous loess, 18.3 feet;
leached loess, 1.9 feet; peat, 1.3 feet;, 5+ feet. Sample
from depth of 30 to 31 feet. Collected and submitted by R.

V. Ruhe, 1964..
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APPENDIX D

PERCHED WATER-TABLE HYDROGRAPHS

Hydrographs of the ground-water wells at research sites
2, 6, 8, 10, 11, :

~
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APPENDIX E:

PARTICLE SIZE ANALYSIS DATA

Tables of particle size analysis data. All determina-
tions vwere run on the Wentworth scale of size fractions and
are reported in micronms.



SITE

2

DEPTH
(IN.)
0- 5

5- 10
10- 15
15— 29
20- 25
25- 30
30- 36
48- 52
52~ 55
55- 60
60- €5
65~ 70
70- 75
75- 20
80- 85
85— 90
90~ 95
95-100

100-105
105-110
110-115
115-120
120-125
130-135
140-145
150-155
160-165
170-175

62
4

064

0.53
0.58
0.46
0,49
0459
0.90
1.00
0. 96
0.79
1.27
1.23
0. 94
0.84
0. 94
1.32
1.42

le34

1.23
1.26
l.30
le44
le19
1l.21

l.34

1.50
1.77

31-62
%

23,05

0.0
20.98
20.90
19.03
20,77
2035
21.16
23.32
23.89
23.29
23.30
25677
23469

0.0
24,00
26426

26453
26457
24,15
23,99
24457
27.23
25.07
29. 43
24461
26,43
22.83

16-321
2

29.95
29425
28446
2T7.36
27.94
28436
31.22
30. &6
30.70
32.49
32.61
28.21
31.08
33.25
38431
32.02
30.92
32.15
33.99
36465
33.27
33.93
33.03
33,23
30.02
35.81
32,77
29.24

PARTICLE SIZE (MICRONS)

8-16
z

11. 74
12.28
12.92
13.72
14,24
12.80
13.16
13,44
12.18
10. 86
11.36
1l. 44
12.26
12,76
0.0

13.34
13,12
13.26

14,10

14.56
13,40
13,10
11.88
12.88
13.20
12.44
13,92

4-8
T

4468
4e42
. 2
5. 54
5¢32
538
5.06
5.58
5.10
4ot
AR
5.28
4e52
4458
5.00
5.08
5.50
5402
5420
5402
5¢48
5.12
5.58
4e40
4,70
4.82
6,82

2-4
b4

3,20

3446
3. 34
3,78
4028
4. 04
3.36
3.16
2092
3.04
3.00
3. 70
270
2. 80
3.24
3.06
3.56
342
3.56
2. 84
3.18
3.36
3. 20

3.88

3.18
3.10
3.26
4e¢ 26

1-2

230

0.0
2.62
2.86
2452
2.28
3.42
3, 64
3.54
3.52
3.56
4422
3446
3,70
3.90
3.70
2.12
3,84
1.82
3.66
4404
3.94
4,02
4,28
3,90
3.68

3.58

4.10

O. 5-1

16024
0.0

15.24

15.10
15.48
13.56
13,92
13.34
14.66
14,24
15.52
13.40
13,08
13.78
14.04
13.76
11.76
Te.16
10.02
ll.74
11.82
10.84
12.16
11.62
10. 74
11.88
13,12

<

0.5

8. 20
0.0
11.12
10.28
10. 44
10.30
8.98
770
T.90
6e14
672
T.06
558
5420
5.78
3.82
3.44
2060
6626

1.58

2.48
2.56
2.08
2. 74
2676

2.82 -

3.€2
3.94

hee



SITE
DEPTH

(IN.)

180-185
190-195
200-205
210-215
220-225
230-235
240-245
250-255
260-265
270-275
280-285
290-295
300-305
310-315
320-325
330-325
340-345
350-355

360-365
370-375
380-385
390-395
400-405
410-415
420-425
430-435
440-445
450~455

>

62
4

lo24
0.84
0.41
0.96
1.01
0.95
0.79
0.73
1.35
1.38
0.79
0.78
0.62
0.27
0.30
0.26
0.69
0042
0. 96
0.0

0. 65
0. 76
0.66
0,65
0.54
0.65
0. 76

2 (CONTINUED)

31-62
z

22.78
27.29
27.18
23,03
22602
23.37
21.48
22459
28.34
26695
27.88
26011
25446
23.10
25,21
23,81
21. 08
24469
30485
0.0

27.80
29. 77
26006
27.99
26,83
22,77
24454
28435

16-31
2

34.85
32.37
32.13
33443
33.01
33.97
33,59
33.43
33.23
32.59
33.45
34,87
33.19
34.65
35,87
34627
34.09
34,17
36455
35.03
34.81
36.11
384,59
37.31
34.17
34,33
38. 35
36.85

PARTICLE SIZE (MICRONS)

8-16
k3

13,68
12,02
11.78

13.50.

14.90
12.88
14,04
14,04
10.80
10.90
10.84
12.48
11.02
12,82
11.48
12.52
14,64
12,12
12.00
12. 40
13.80
12.4¢€
14,18
12.74
13.62

14412

15.48
12.76

4-8
4

5.28
5.08
5.06
546
6. 04
5.08
5082
550
4.44
526
4,68
4,94
6.68
5672
4082
5.18
562
5.06
4,26
4¢92
5.10
4046
4eT72
4.60
534
590
5.10
4438

2-4
2

3¢30
3¢ 44
3. 16
3. 44
3.56
3e 44
3«60
3.50
2.92
3. 48
2. 76
2. 72
2,78
3.00
20 62
292
3.16
2. 86
3.34

© 3448
'4.96

3.48
3¢ 52
3. 72
4.10
4o 38
4.02
3,138

1-2
S

3.16

3.22
3.48
3.56
3.28
342
3.58
3.52
3.08
3.06
2.82
2.82
252
2096
2096
1.96
3.24
2.98
2.62
3,34
2.42
3.28
3.60
3.36
3e74
4,68
3.68
3.16

0.5-1
z

l11.84
12.06
12.46
12.86
12.30
12.48
12.42
12.56
11.68
12.48
12.06
11.38
11.04
11.92
11.88
12.86
12.04
11.96
6.86
8.20
T.70
7.08
6.38
T.20
8.36
11.02
Te40
Te62

<

0.5

3,88

3.68
4e34
3,76
3.88
4442
4e68
4014
4416
3.90
4e72
3,90
4e70
5456
4486
6.22
544
5¢74

2626

2632
276
2468
230

2634

3.20
2626
0.0

2.74

SEC



STITE
DEPTH

(IN,)

455-460
460-465
465-470
470-475
475-480
480-485
485-490
490-495
495-500
500-505
505-510
510-515
515-520
520-525
525-530
530-535
535-540
540-545
545-550
550-555
555-560
560-565
565-570
5T0-575
575-580
580-585
585-590
590-595

>

62
4

0.57

0.D

0.98
2,04
0.67
Ce 66
1.05
2.03
1. 88
le47
1.52
0.99
0.64
0. 44
Oe4l
0e51
0. 69
0.66
0e.72
055
0.56
0.53
0.50
0e 54
0e75
O.44
0.39
0. 46

2 (CONTINUED)

31-62
k4

27.06
0.0
23.53
20011
23,68
0.0
24445
28.06
28,41
27.06
27«13
25.82
26¢ 41
23.79
22,58
240 T4
254 24
28.03
28475
27.28
264 50
27,76
26.83
26485
25, 52
22.73
19,68
23,09

16-31
%

36.47
37.63
37.41
37.82
37.91
36.85
35,09
38.01
37.47
3637
35.91
34.43
344,31
37.53
366 31
36.31
34.75

35.21

34,01
37.41
37.77
37.85
37.11
36.97
35627

37.25

36.69
36035

PARTICLE SIZE

8-16
3

13,32

12.64
15.10
16,06
13.86
15.52
14,01

12,74

11.68
11.84
12.60
12.36
12.84
13.34
13,68
13,82
14.68
13,38
13.34
12,84
13,32
12,84
13,40
12,32
13.04
15.72
17.40
14,10

(MICRONS)
4-8 2~4
* 2
5.08 " 352
4.12 3. 38
5.20 4,08
528 3.94
4064 3. 72
0.0 3.96
550 4018
4.18 3,24
3.94 3.34
4,28 3.42
4.5%3 4.18
4.48 4¢ 50
5.02 3.90
4,92 3.34
4,98 3,96
4.84 3. 56
534 3.78
476 3e 44
4e62 3. 36
4422 3406
4440 3. 38
4.28 3.30
4.54 3.18
4436 3. 40
Te32 3.58
5026 3.58
6.18 3, 86
5.28 3.80

1-2

3438

3.10
4.14
4636
3.44
3.98
4440
2.90
2.78
3.34
3.60
3.90
3.48
2094
3,08
3.00
2.84
2,72
2454
2054
2454
2646

2.66 -

20 62
2,52
2652
2.88
290

0. 5-1

TeT4
7.08
T.06
8462
8¢54
8.68
8456
6.88
T.80
8.76
T.64
8.52
792
T.70
8.08
7«50
T.50
- 638
T.18
6,22
6062

6.28

6.56
6.64
6.80
6.80
Tel2
T.02

<

0e5

2.86
2.42
2.50
0.0

354
3.12
276
1.96
2.68
3.46
2084
5.00
S5¢48
6.00
6.92
5.72
5.18
5642
5048
4.88
4e92
4.70
5.22
5.30
5620
5.70
5.80
7.00

1% 4



SITE 2 (CONTINUED)

DEPTH

(IN.)

595-600C
€00-606

>

62
2

0.54
0.59

31-62
2

22,09
2242

16-21
4

25,01

32.41

PARTICLE SIZE (MICRONS)

8-16
2

14.18
14,18

4-8
2

5632
598

2-4
4

4406
b4y 44

1-2
E 4

3,20
4,04

00 5—1
4

9.56
8.78

<

6.04 ..

Telb

LE?



SITE 3

DEPTH

(IN.)
o- 8
8- 12
12- 16
16- 20
20- 24
24— 28
28- 32
32- 36
36- 41
41- 46
46- 51
51- 56
56- 61
61- 66
66- 71
71- 76
76— 81
81- 86

86— 9]
91- 96
96-101
101-103
103-108
108-113
113-118
118-123
129-134
129-144

62
E 4

0.55
037
0e39
O.38
0.4l
0637
0.37
0.4l
O.44
0.55
0«48
0«50
0e46
0. 54
D. 44
0. 71
0«55
0.73
0. 88
0.68
3.45
2048
1.06
0. 97
1.91
1l.65
2. 48
1.52

31-62
4

21.87
2059
19,27
19,48
18.75
20. 69
19.99
21.97
2134
19.43
19,70
23.30
23.63
23,92
23,66
25645
25449
26423
- 26012
25010
0.0
26076
25,94
0.0
0.0
0.0
0.0
0.0

16-31
%

24450
24430
25.66
24,80
25.80
26.58
20, 64
30.62
28,02
27.84
28652
29. 36
32.17
30,94
30.82
2T+64
3l. 74
30634
29436
29.18
30.54
29.38
30.94
36653
28.88
31.52
30.76
31.44

PARTICLE SIZE (MICRONS)

8-16
b 4

14460
14422
14.70
l4e 44
14.96
16420
16.08
14440
13.18
13.16
13.40
12,04
11.94
11.28
11.34
11.06
11. 76
11.02
12.28
12.72
11.16
12. 44
13.08
12.54
11,54
12.12
12.3¢
12.12

4-8
2

3.14
6.38
648
6. 70
T.04
T.10
6e 64
5¢96
5.38
586
5.80
5,14
4,58
4060
4,22
4¢50
434
4,06
4e48
40328
4092
4.82
4466
4,38
4.86
4,86
4.48

2-4
2

T7.92
4 46
4,42
4432
4,46
4442
4, 08
3. 74
3, T4
4414
4430
3.96
3. 50
3.52
3. 60
3. 76
3432
3446
3,62
3.90
3,90
4438
4416
4402
4e 9%
3.88
3,90
3. 54

1-2
k4

5¢ 44
4¢ 36
4.18
4426
4«36
4.20
3.86
3.56
3.50
3.76
4632
4.08
3,58
3.5¢€
3.58
3496
3¢56
3486
320
3.42
3.92
4.78
4040
3.78
3.62
3648
3.34

3.36

O._ 5-1

13,72

12.76
11.62
11.98
11.54
9,86
9.94
10.52
13.18
13.72
13.36
12.26
11.10
11.32
11.68
12.44
10464
11.48
1156
11.06
12.26
13.80
12.96
0.0
0.0
0.0
0.0
0.0

<

0.5

8. 26
12.56

13.28
13.64
12.58
10.58
8.40
8.82
11.22
11.54
10.12
9. 326
9. 04
10.32
10.66
10.48
8.60
Be 22
8.50

" 9430

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

-] %4



SITE
DEPTH

(ING)

149-154
159-164
169-174
179-184
189-194
199-204
209-214
219-224
229-234
239-244
249-254
259-264
269-274
279-284
289-294
299-304
309-314
319-324
329-334
339-344
249-354
364-366
374-379
284-386
394-399
404-409
414-419
424-429

> 62
4

1.12

lel2
1.01
le22
1.06
0.62
0.81
0. 98
l. 04
0.85
1. 06
0.81
0.85
0. 68
1.68
0.81
0.83
0.68
0e62
0.77
0.56
0.59
0.50
0.79
0.66
0.59
0. 29
0.66

3 (CONTINUED)

31-62
L4

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
24043
27.18
21.64
266041
26425
28.64
24438
25493
264 04
264 80
27.07
2€e 04
21.19
2T.24
26651
23,92
22.90
24,07

16-31
%

32.85
31.28
30.58
3l1.14
31.40
35.07
35,15
33.87
35,95
.67
33,81
34439
35.57
33,69
#$.85
33,53
36451
34,09
33.01
33,77
33.79
32,59
34,83
34.39
36401
35421
37.47
37,37

PARTICLE SIZE (MICRONS)

3-16
z

14.14
14,12
13.46
12.60
12.62
13.60
12. 24
12.18
11.58
14.62
15.14
14434
15452
13.88
12.76
13,10
13,72
14.16
14428
13.14
13.80
13,20
14,58
12.66
12,62
14.32
13.80
13.84

4-8
4

5428
6+02
5464
5,76
5e42
5,22
4eT4
4.88
4016
4.88
4,52
4426
5422
4,58
4.56
4412
4496
4.92
4,80
4460
4,48
5,00
5420
4446
3.92
4.70
3.98

4.16

2-4
2

4o 04
4.16
470
4062
4¢ 40
4e 34
3.68
4. 04
3,52
3.58
3.74
3. 20
3644
3.56
3.36
3.40
3.40
3. 66
3.70
3.36
3.38
3.98
4.08
3.34
3. 34
3. 46
3012
3.00

1-2
%

3.94
4402
4436
4.28
4,58
4e 42
3.80
3,94
2464
3. 84
3.02
3.30
3,16
3,06
3,00
2.92
2492
2.72
3.30
3,00
3.06
3.52
3.50
3.10
2.98
3.14
3,22
2.84

Oo 5‘1

o ® o & ¢ o 0 ¢ o o

L NeNeNoNeoNolNoNeNoNo o)

L]
p—
N

[eNojoRoNoNoloNoNo o]

<

(~ReNeoeNoleNoNo o

0.5

R

® 00 0 0 0 o o
[eNeNoNoNoNoNoNoNoNeo]

6t2



SITE 3
DEPTH

(ING)

429-434
434-439
439-444
444—-449
449-454
454-456
459-464
464-469
469-474
4T74-479
479-484
484-489
489-494
494—-499
499-504
504-509
509-516
516-522
522-525
525-528
528-532
532-536
536-540

(CONTINUED)
> 62 31-62

3 4

1,02 24453
0.84 2T7e47
032 20667
0429 24.04
0.34 23469
0627 22458
0.18 23481
0.49 25426
0. 20 25.15
0.45 23e44
0.27 20,68
0. 36 19,57
0.19 17.86
O.16 18,19
0.56 17.97
0.18  20.43
Q47 19,68
0.55 18,20
0.50 18,39
0.56 19,21
0.92 17.15
0.53 19,96
0.45 19.50

16-31
4

35.81
32.17
32.53

 31.73

24,53
36453
35.23
32.63
33.95
32.55
35.21
33.77
33.53
3le43
3l.41
33.47
32.15
26.93
2T. 49
27.11
27.69
27.11
2T 77

PARTICLE SIZE

8-16
%

13.04
13,42
18.58
17.96
16.96
16,82
16. 46
16.00
16.82
18,70
18.16
18,24
19.88
19,82
18,66
18.96
18.90
18.14
17.76
17.70
17.44
16,54
14.08

(MICRONS)
4-8 2-4
% %
4426 3424
4,52 3.18
4446 3.56
4.86 3.16
4450 2.94
4.16 2. 74
4442 2.46
4.70 3,22
4454 2.64
5402 2496
4.56 3.06
5.14 3,36
5404 3,52
5.88 3.28
5.72 3,56
4.84 2.62
4.90 2.96
6.10 3,58
578 3.42
5,78 3.50
6454 3,76
6402 3. 60
5,08 4e 34

1-2
%

3.08
3.20
3.28
2096
2.38
2.14
2082
248
2426
2.30
2.22
2452
2042
2.16
2.24
l1.88
2.14
2.84
2.80
2.170
244
2.74
3.16

00 5'1

9,38

936
11.32
F.94
9.56
9.66
9e54
9.96
9.12
8.88
9.90
10.92
10.94
10.16
10.18
8.42
8.78
10.74
12.72
12.96
11.90
12.74
14.58

<

0e5

Se 64
5.84
5.28
5.06
5.10
5.10
5.08
5¢26
5032
5.70
594
6.12
6.62
8.92
9.70
9.20
10.02
12.92
11.14
10.48
12.16
10.76
11.04

one



SITE 4
NEPTH
(ING)

0- 5
5~ 12
12~ 17
17- 22
22- 26
26~ 31
31~ 36
36~ 41

41- 46
46~ 51
51~ 55
55~ 59
59- 64
64~ 69
69~ T4
T4~ 75
79- 84
84~ 89
89~ 94
94~ 99
99-104

104-109

109-114

114-119

119-124

124-129

129-134

134-139

>

62
4

O 94
0.81
0.77
0.71
0.88
1. 07
1.03
1.39
l.44
1.07
le 26
1.38
lel4
0.91
0.92
0. 85
1. 05
1,21
0. 96
l.14
le12
le47
1.24
0. 84
1.55
1.39
lel3
le26

31-62
4

21,16
22,29
21.93
21.88
22,14
20424
19.36
20.90
20,30
20.34
21.11
27.21
28451
23,47
24479
24449
22495
25033
24498
21.96

28450

27,93
24462
25. 24
22.03
24445
254 75
27,94

16-31
%

25627
24.91
26e 14
2727
25.96
26426
25051
26486
25.96
28.35
25.133
28.01
28,53
28.37
29.66
2T7.62
28,88
27446
29.06
30. 00
29,70
29,66
29,56
30.94
28,80
31.38
30,78
31.00

PARTICLE SIZE {(MICRONS)

8-16
Z

13415

13,23
13.83
14,12
13.33
13.01
13.87
12,63
12.26
12.00
13.31
12,63

13.61.

13,01
12.08
15.12
14,66
13.38
11430
15.96
11.26
11.12
14.78
12.34
13,58
13.34
12.88
12.90

4-8
2

6408
6.18
S5e¢94
6495
S«90
6.28
672
6.14
6. 64
6.02
T.87
4045
5.94
5652

558 .

5«14
6.00
5.78
5468
4. 06

4.80

5622
5¢48
Sel4a
5.80
5652
6.28

4,18

2-4
z

" 3.92
4 25
4.61
64 65
4e 43
4e31
4e 41
3.71
4, 31
4. 49
3.89
3,87
4e 41
4e 45
3. 87
4 44
4e 84
4. 80
4490
6. 54

4012

4e32
6004
4.08
4.68
4e 76
4,98
6 92

1-2
4

3,30

320
3¢ 54
2.78
3.75
3.02
292
3.58
3.52
4. 39
3.89
3.20
3.30
3430
3.77
3.74
3.68
3.90
4400
3.70
3e44
3440

1e44 -

3.54
5¢16
2.96
4464
4o T4

00 5‘1

11.04
12.18
11.88
0.0
12.26
10447
10.59
11.30
12.16
12.24
12.59
10.59
10441
10.90
10.15
10.€2
10,32
11.40
10,64
9.22
9o 44
9.50

10.38
10.18
9.72
8.86
686

9,46

<

0.5

15.14

12,95
11.36
0.0
1126
15.24
15.53
13.49
13,47
11.10
10.75
B+ 66
10.09
10407
9.18
7.98
7462
6.74
8448
Te42
T.€2
7.38
7.38
6.80
8.22
6448
470
4420

Lhe



SITE
DEPTH

(INe)

139-145
145-150
150-155
155-160
160-165
165-170
170-175
175-180
180-185
185-190
190-195
195-200
200-205
205-210
215-222
222-227
227-232
232-237
237-242
242-2417
247-252
252-257
257-268
268-273
273-278
278-283
283-288
288-296

>

62
2

1. 34
0.83
1.06
0093
0484
1.79
1.75
0.89
0.77
0450
0.52
0.81
0.63
0.61
1.25
0. 71
0.67
0.73
0,72
0.73

0. 66

0.81
0.72
0.83
l.16
1.27
1.01

1.60

4 (CONTINUED)

31-62
2

23.48
23.25
23,71
22,93
0.0

27.05
25.14
26448
27. 74
23.67
21.93
244,04
23,88
26061
25433
24469
25.59

264 44

23,47
23,32
23.99
22.92
21.05
20. 98
2057
25446
19. 76
25.23

16-31
2

- 31.38

30.74
32.15
31.90
31.56
21. 26
3l. 44
23,73
33.41
33.69
32.17
32.75
32,61
31.58
31,72
32.04
31.04
32.43
32.27
22.85
33.83
33.37
33.15
344,27
33,27
34.49
34,29
34.79

PARTICLE SIZE (MICRONS)

8-16
2

14032
14.80
14,00
14.04
13,26
11. 74
9.52
12.96
12,72
14,60
16.16
14,20
14.26
12.80
13.04
13.48
13.60
13.10
14.20
13.98
13.82
14.00
14456
14,08
12.78
12.52
16652
13,74

4-8
2

- 6428
6.54%4
5.98
5094
5.98
5.28
5.12
3,32
4.80
4.98
6.70
6400
5.68
5.10
548
5.88
Se 66
530
4092

5090

564
572
6,60
Telb
9,32
4,96
S.14
4.10

2-4
2

5.10
4682
4o 44
0.0
4062
4o 24
4,38
4048
2. 74
34 66
3.20
3.18
3.14
2. 80
2092
2.78
20 88
3. 62
46 02
4430
3. 84
4012
4048
3.38
3. T2
3.14
3,84
4.50

1-2

484
4e 26

0. 5'1

" 8480

4.20

0.0

3.78
3.92
3.85
4e36
274
4e 70
4436
4e46
4¢ 40
3.62
4.02
4458
3.48
3e44
4e12
3.74
3.64
3480
4e¢ 44
4.44
4,04
3.48
3.92
3.92

1

9.42
9.34
9.92
0.0

9.16
2432
8.34
944
8410
8.78
8e44
Be54
8.90
9.30
9.32
9.08
9.32
9.98
9,22
8.74

8.94 .

9.46
9.50
8.9"‘
8.22
8.36
Te46

<

0.5

4446
5,34
5¢12
5¢48
5.68
5456
6.48
5¢ 44
564
6,10
6.18
6412
6e 86
7.98

6.94

6452
8.00
5¢62
6430
5e96
5. 86
6432

5.54

5e36
6.20
6.46
7.16
4,66

ne



SITE
DEPTH

({IN.)

296-302
302-208
208-315
315-320
320-325
125-330
330-335
335-340
340-345
345-350
350-353
353-356
356-362
362-3¢7
367-374

>

62
z

le10 -

0.77
0. 85
0.61
0.34
Oe 33
0«36
0.30
0.38
0030
0.29
0.71
0.83
1.02

4 (CONTINUED)

31-62
%

23.87
24.00
2504
204 80
19,29
18,60
15,30
18.46
16¢ 24
14,88
16632
17e17
18.03
17.53
17.78

16-31
%

34487
23,83
34437
3Z2.83
36401
33,33
29.70
31.84
31. 94
30.80
304 34
30,16
2T 72
28.138
26466

PARTICLE SIZE (MICRONS)

8-16
%

13.50
13.64
1440
15432
15.32
16.16
18,30
15.98
1754
19.00
18,14
17,62
16.80
16. 74
15,96

4-8
2

4062
5,02
4086
538
4.88
6.00
T7.82
6.24
6e T2
Te46
T.60
Te58
8.12
T.40

2-4
%

4¢ 36
4 66
256
4¢ 40
4. 00
3.00
5. 06
4. 52
590
4490
456
4e 52
4e 92
5¢.44
5. 30

1-2
z

3,68

516
46,06
3e54
2672
282
2.94
3.06
2.18
324
2. 74
2.80
3e62
406
3.92

0. 5‘1

8.78
T.82
Be72
990
.74
10e14
10.12
10.88
10.22
- 10042
8.22
8.22
9.34
10.06
11.92

<

0.5

S5e¢22
510
5.14
Te22
770
9.62
10.44
8.66
8.96
8.92
11.78
11.64
10. 74
9,34
10.04

Enc



SITE 5
DEPTH
{IN.)

0- 6
6- 11
11- 15
15- 20
20- 24
24— 20
30~ 35
35- 39
39- 43

43- 48
48- 53
53- 58
58~ 63
63- 68
68~ 73
13- 78
78— 83
83- 87
87- g2
92- 97
97-102

102-107

107-112

112-117

117-122

122-127

127-132

132-137

>

62
4

0.78
0.69
0e 66
Qe 76
0.87
1.01
1.06
1.03
0. 89
l.11
.13
1.15
1.29
0. 85
1.06
lell
1«10
l.19
1.29
1. 24
1.50
2.08
2.07

1.92

l. 60
l.18
232
l1.78

31-62
z

. 2le 16

20,63
17.94
0.0

18.03
18.81
20434
20.97
2095
21. 79
21.23
19,82
2473
23,47
22.80
22.06
22.94
22463
21449
22.00
22404
20,51
21.07
206 86
1746
17.28
19.50
21.22

16-31
k4

26430
26.38
25.06
24. 70
2476
25.20
26014
28,14
29. 06
30,06
28e 44
29.90
2924
31.20
31 ° 9‘}
32.09
31.40
31.78
31.18
21.42
31.04
30.02
31.94
31.60
30. 44
30.96
30. 04
29.38

PARTICLE SIZE (MICRONS)

8-16
z

13.34
12.86
12.40
12.58
12.54
12.44
12.58
12.62
12. 86
12.42
12.34
12.72
11.80
12.14
12.70
13.14
13,08
14,06
16.10
14e14
14440
15.14
15.38
16044
16.28
16.8%
14430
13.46

4-8
%

6,02
5696
6¢54
6,04
6e24
6.10
636
6.02
576
564
6042
5¢88
S5e¢ 44
5.18
5¢60
5.90
5.72
6.68
6.70
6.64
6.98
7.08
T.04
Te26
8.96
Be22
Te28
6.96

2-4
%

4,36
4e 32
3.38
0.0
3.84
4,08
4. 14
4.18
4622
4e 42
4.58
4e 54
3.98
4602
3. 78
3.82
4012
4e 56
5.18
5.26
5.48
588
S5e¢ 44
5.16
6o 68
5. 68
Se 34
Se 46

1-2

4o 44
3,22
5406
3440
4416
4450
4466
4,32
4o 42
4e46
4434
4e 24
4410
4,06
3.88
4406
4. 90
4¢84
5¢42
5 ¢ 40
5¢46
5.04
4.98
6420
Se22
5¢16

5626 .

0. 5-1

11.80
14418
13054
14.18
15.54
15.48
14046
13.22
12.96
12.20
12.36
14416
11.30
10.80
10.56
10.44
10.58
10.14

9.46
10.12
9.56
10.10
9.10
9.06
9.28
9.72
11.40
11.66

<

0.5

Te54
10.54
17.26
1626
14,78
12.72
10.42

9.16

8.98

Te94

9.04

Te48

7.88

8.24

7.50

T.56

7.00

4.06

3.76

3.76

3,60
3.72
2092
2672

3.10"

4.90
4466
4,82

hhe



SITE
DEPTH

(INe)

137-142
142-147
147-152
152-157
157-162
162-167
167-172
172-177
177-182
182-187
187-192
192~-197
197-202
202-207
207-212
212-217
217-222
222-2217
227-232
232-237
237-242
242-2417
247-253
253-258
258-2¢632
263-268
268-273
273-278

>

62
%

Ce 64
0.94
0.60
0.72
0.81
1.02
0.86
0.84
Ce70
0.58
0. 74
0. 76
0.76
0. 65
0.54
0.52
0.51
0.74
0.61
0.76
Oe43
0.60
0.29
0.29
0.36
0.49
2652

5 (CONTINUED)

21-62
2

22499
2115
2099
17.91

18,96

18,72
19,69
20.10
21.11
19.01
18.89
206 26
21427
20.94
0.0

19,67
20. 80
20.41
2079
2079
15.82
16453
18,61
16064
1641
16.06
15,42
14.58

16-12)
%

33.47
33,83
34.55
32.63
32.23
3l1.62
23,43
34.4)
33.79
33.41
32.97
32.97
33.99
32.27
33.09
33.87
34.51
34,65
35.45
35,33
33.09
33.55
31.24
32.15
33.77
34435
29.94
29.12

PARTICLE SIZE (MICRONS)

8-16
Z

13.16
13.82
14.26
16,70
15.36
16.08
14. 86
14.58
14.70
16.08
17.64
16,06
16,10
16.38
16.06
15.90
16.00
16.30
15,88
15.22
17.04
17.06
16.60
17.34
17.18
16,82
17.80
17.26

4-8
%

556
6606
582
6.78
7.08
Telb
6e 54
6.26
6,00
6.72
6.96
6.88
6.42
6.66
6.90
6432
6.18
598
576
5.82
6.18
6446
6.22
6646
6.04
570
T.06
7. 84

2-4
%

4620

4¢ 30

4. 14
4¢96
4. 78
4 76
4. 30
4010
4,10

. 4e 32

4.70
4, 86
4e 34
4490
5S¢ 02
4. 88
4.32
4« 40

4032

4. 06
4e 22
4e 46
4¢ 02
4¢ 10
3694
3.94
4078
5.10

1-2

4428

4038
4e24
44646
4052
4.64
4.86
4012
4,08
4o 22
4620
4¢48
4012
4.60
0.0

4058
4062
4.38
3.88
3,60
3.96
4.22
3.58
3.84
3.58
3426
3.78
4.08

0. 5-1

10.68
10,06
9,40
10,72
11.08
10.30
10,90
10.06
9,68
10466
9.32
9446
8.96
9.32
0.0
9.22
8.38
8452
8.84
8494
9.54
9.86
9,92
10.32
9,62
9,08
10.28
9.68

<

0.5

5¢22

5.46
Se 64
512
5.18
5670
4.56
554
5.84
4490
5.28
4,28
4. 04
4.28
0.0
5¢ 04
5.28
4.62
4.48
5.48
9,72
Te26
9.52
8.86
9.10
10.30
10.38
9,82

SN



SITE S5 (CONTINUED)

DEPTH

{IN.)

278-285
285-288

>

62
2

0.29
1,33

31-62
2

15,73
15,99

16-31
4

30.60
23.08

PARTICLE SIZE (MICRONS)

8-16
4

'17.80
15. 54

4-8
2

T.58
8.18

2-4
z

562
6+ 34

1

-2
z

4.28
546

00 5-1
2

8.66
12.74

<

10+ 24

11.34

9ane



SITE 6
DEPTH
(IN.)

0- ¢
6- 10
10- 14
14- 1S
19- 24
24— 28
28- 32
32- 27
37— 42

42- 48
48— 54
54- 59
59— 64
64~ €9
69— T4
T4- 7S
79- 84
84— 89
89— 94
94— 99
99-104

104-109

109-114

114-119

119-124

124-129

129-136

136-140

>

62
3

0.91
0.83
0.94
1.10
1.11
l1.02
l.07
le11
l1.08
0.95
0.97
0.74
0.84
0.94
0.65
0.77
D.82
le10
0.92
0.70
0.80
1.00
0.85
0.64
0.96
1.22
0. 85
0.98

31-62
%

9.85 :

14,85
12.02
12.32
12.27
13.78
15,03
15,21
18,18
16,03
13,75
13.82
14.00
15,14
13.01
14.23
12. 64
14.70
14.48
0.0

13.26
164,27
14.77
14,00
11.50
13.94
17.27
14.47

1€-31
E S

23.98
23.72
2254
23.06
24466
25.58
2T.46
27.12
26.98
27.06

26052 .

2690
2734
28,00
27.38
28426
28.68
30. 64
29.34
31.84
3257
31.02
29.72
30.74
31.88
21l. 26
33.37

PARTICLE SIZE (MICRONS)

8-16
E

20,72
14,36
14.90
15.58
15.06
15.14
14,72
16.08
14.90
16. 84
18.12
18,18
17.80
17.40
17.46
17.72
19. 70
18.50
18.68
0.0

18.80
17.86
19,02
18. 74
19.76
19.14
17,22
17.88

4-8
%

6468
6.98
¢34
8.14
792
Te42
Te42
Tels
6.88
1.86
T.70
8.60
8.08
8.24
8.04
8.36
8.90
Bel4s
8.24
0.0

8.62
Te36
Te72
8.64
T.68
8.28
7.18
6.48

2-4
p

4o 44
4e48
4e 24
4 T6
4,88
5.00
4e 94
5.06
4e78
4430
5¢12

- 5428

536
Se 34
5¢ 46
Se 4€
S5e 34
538
4490
4e 64
5. 64
5 00
524
Se¢ 64
4092
5¢ 04
4. 54
4.58

3,20
3.90
4406
3. 86
4e32
4o bt
4¢56
4042
4e30
4416
454
4eb4
4e72
4,46
4e52
4.54
4460

4e 62

3.92

6012

5,00
4.78
504
Se 44
4480
474
4430
4.24

14.90
12.20
12.84
1586
14.66
14,72
13,96
13.48
12.70
11.98
12,12
12,00
12,34
12,20
12,76
12.38
11.38
11.00
10,78
' 9434
10.54

9.66
10.30

8.90
10.04
10.24
10.42
11.00

14,72

18.42
19.94
15.84
16.78
13.82
12.72
10.04
10.06
10. 90
10.62
10.22
9. 96
8094
10.10
9.16
8.36
7.80
Tebh
9.62
5.50
5.50
6 04
8428
9. 60
5¢52
6496
7.00

Lne



SITF
DEPTH

(IN.)

140-145

145-150
150-155
155-1¢0
160-165
165-17¢C
170-175
175-180
180-185
185-192
192-195
195-197

>

62
2

0.87
0062

1.05-

0.96
0.79
O0e 47
0.43
Oe 44
0.39
l.11
l.15
2469

6 (CONTINUED)

31-62
%

15.62
16426
15.82
17.85
16.92
16.04
14.44
13.92
10.95
11,51
1037
12.91

16-31
2

33.55
31.54
32.81
32.39
33,03
32.79
33,27
32457
29.26
25.80
2394
23.64

PARTICLFE SIZE (MICRONS)

8-16
%

15, 86€.

17.20
17.34
16,56
17.26
17, 44
18,22
17.62
19.68
19.42
19.10
17.10

4-8
4

6468

6.88
6.88
6.80
6066
6.70
Te 34
Te42
8.26
Te94
9.88
8.70

2-4
2

4. 88
456
4452
4, 08
4012
44 64
4. 66
4. 80
44 62
4, 86
5.78
5.18

1-2

4o 46
4052
4,30
4016
4042
4456
5¢14
4.38
4436
3.68
3.90
4604

0.5-1

11.28

11.38
10.58
11.14
10.60

930
10.36
11.33
11.66
11.30
10,40
10.72

<

0.5

Te 04
6.70
6,06
6420
8¢ 0€
Te52
10.82
11.68
15.48
15,02

8nd



SITE 7 (CONTINUED)

DEPTH

(IN)

137-142
142-147
147-152
152-157
157-161
161-1¢4

>

62
2

1.32
0.84
0e 96
0. 61
0. 25

2412

31-62
4

19,63
17.93
18,08
11.63
8459
9.30

16-31
£ 4

32.11
33.47
30.82
29.32
2556
22096

PARTICLE STIZE (MICRONS)

8-16
z

15,80
16,80
16.90
19,92
21.30
20.18

4-8
; 4

6642
6.54
T.08
8. 64
10.46
10.46

2-4
4

3092
3e 64
3.78
4¢ 94
558
5. 84

1-2

3492
3,54
4422
4,28
4e 24
3,94

0.5-1

BeT2
9,12
9454
8e T4
10.56
Ce22

<

0.5

8,16

8.12
8.62
11.92
13.46
15.98

6he



SITE 7
DEPTH
(IN.)

0- 6

6- 11
11- 16
15- 19
19- 22
22- 25
25- 29
29- 33
33- 138
38- 46
46— 51
51- 55
55- 60

60~ 65
65—~ 70
70— 75
75— 80
80~ 85
85- 90
90- 95
95-100

100-105

105-109

109-114

114-120

120-126

126-132

132-137

>

62
4

le 54
1,33
l.34
lel17
l.43
1.57
1.48
1.31
0. 86
0.87
0«85
l1.06
0.85
0.58
0.49
0. 72
0.76
1.02

0. 86

- 073

0.80

1.00
0.92
lo11
1.15
l.10
1. 56
l.49

31-62
%

18+ 26
16.81
15.00
1475
14.79
16. 41
12,98
14.69
12.90
14,05
l4. 75
13.52
13.57
15,08
16.19
14.82
15.54
15,76
14.18
13,55
15.38
13,99
14,57
13,63
13.87
15.32
17.37
18.24

16-31
z

24.14

2418
23.60
23.30
22.80
22460
21l.44
2le 74
24458
24492
2558
25.96
26476
26440
26. 74
28,00
2992
2962
29.86
30.56
32.49
31.02
- 31.04
30.20
31.22
30.28
32.29

PARTICLE SIZE (MICRONS)

B-16
3

l4. 74
15.10
15.18
14.72
14.20
14032
14,68
14,08
13,96
14.68
14,90
15.38
15.86
14,80
14.78
16.18
16.10
15.56
17.56
18,36
16.98
16.26
18.16
19.02
18.18
17.08
16.60

4-8
%

7.08.

6.24
9.54
T.84
8012
636
T.86
Te24
7.36
T.92
Te54
8012
B.14
T.56
7.68
8.20
£.10
TeT2

. 8450 .
8666

B8el6
8426
T.96
8.08
84646
8.24
Te34
€e 48

2-4

500
5092
2,76
Se 34
4e 34
4636
4el4
4450
4.48
44 60
4¢ 26
4436
4e 42
4,02
4.16
4.16
4.00
3,62
4. 04
4e 36
4430
4, 86
4e64
5¢ 06
4e 86
46 32
4,20

1-2

3.56
3,66
4e16
618
4428
3.58
3,66
3,86
4440
5.20
4eT6
4+ 90
4480
4460
4, 86
5.14
4e 64
4.90
4,58
be bty
Sel4
5460
4.96
4,86
4. 66
4e 54
4448
4400

00 5-1

12.16
12.00
11.30
13,22
9.84
11.10
11.54
12.88
1302
13.54
12,86
12.70
12.54
12.50
11.48
11.42
11.10
10.42
10.08
9.86
10.22
11.06
10.16
10.96
10.66
9.88
10.50
10,32

<

13,52
14,76
17.12
0.0
20,20
19.70
21.58
20.40
21426
14.68
14,82
14.48
13.92
13.70
14.10
12.€2
11.60
10.70

11,00

10.50
8440
T«04
Te 40
6030
6¢34
6.56
7.08
6.38

0s¢e



SITE 8
DEPTH
(ING)
0- 8
8- 13
13- 18
18- 25
25- 30
30- 34
34- 39
39— 44
44— 45
49- 54
54~ 59
59- 64
64— 6
69~ 74
74- 79
79- 83
83- 88
88- 93
93- 98
' 98-103
103-108
108-113
113-118
118-125
125-130
130-133
133-138
138-144

>

62
3

le62
133
1.50
le78
1.35
1.10
le 04
1.03
l.34
1.11
1.00
0«56
0.38
0.50
0.82
0.86
Q.70
Oe 24
O« 46
0.37
0.52
Qe 48
0.80
0.68
0.80
0.38
0. 35
Oe44

31-62
%

17.12
17.36
16,56
0.0
15.06
13466
13,96
17.65
17.37
14.70
15,34
8615
18,50
18.49
1837
18.00
16090
16. 76
15,72
16.48
17.08
16623
16+ 49
17.83
14,92
13,89
0.0
17,23

16-31
z

24.38

22469

22449
21.99
24.T7
20.98
20,68
23.40
23480
22.98
22.51
33.89
24.69
26.14
26644
2726
27.71
2759
27.89
27.93
29.44
28. 74
29.78
30.85
30.59
30.14
29.30
25.98

PARTICLE SIZE (MICRONS)

8-16
E S

15,79
15,97
1534
15622
10.45
14.46
15.10
13.71
15,10
15,81
15.93
14.12
15.28
15.28
14,90
15.52
15,55
15. 24
16.29
15.12
15.34
15,93
16,98
17.00
17.90
18.04
18.18
18, 44

4-8
%

725
T.09
6eo4
7.95
Te 49
8.66
T.83
Te15
6.83
8. 42
Te77
T.89
5.24
5.18
5.66
5.84
6.18
6e54
6e24
6060
6,26
6e12
6406
530
6426
6e24
6.64
664

2-4
%

5438
S5e14
6418
0.0
5¢ 26
5¢ 06
5e 48
5.28
5.38
5¢52
5¢22
4.39
6420
5. 74
5.98
5. 80
S5e T4
54 80
5¢50
5452
3. 91
5. 72
5e 72
4,91
5.18
5e32
0.0
584

1

2

3.24
3.56
3.52
0.0

3,20
2,07
4627
538
4e4
4019
4067
4.83
3.75
40.11
4027
3.77
4,01
4013

4.14

6+ 50
5.08
4,01
4007
3477
3. 79
4021
0.0

3,42

O. 5’1

11.22
10043

9.32
10.85
12.38
14.40
14,48
13.07
13.31
13,33
12.46
12,32
12.81
12.12
11.62
10.79
10.81
11.48
10.39

7.85

9.91
10.43

9,79

8.64

9.91

9.54
10.47
10.71

<.

0.5

l4. 00
16.43
18,65
19,01
20,04
19.61
17.16
13.33
12.40
13,94
15.10
13.85
13.15
12.44
11.94
12.16
12.40
12..22
13,37
13,63
12.46
12.34
10.31
11.02
10.65
12.24
12.26
11.30

16¢



SITE 8 (CONTINUED)

DEPTH

(INe)

144-150
150-156

>

62
2

le19
l1.68

31-62
%

13,52
13.57

16-31
4

20.54
22.84

PARTICLE SIZE (MICRONS)

8-16
%

19,61
18.99

4-8
2

8.88
8«68

2-4
%

7. 27
6497

1-2

3,64
3. 71

0.5-1

9.60
9.00

<

0.5

15465

14,56

[A°Y4



SITE 9

DEPTH
(ING)
0- 6
6- 9
9- 12
12- 17
17- 22
22~ 25
25- 28
28- 32
32- 36
36- 41
4)1- 46
46— 52
52- 56
56- 58
58— 63
63—~ 6%
68~ 73
13- 78
78— 83
83— 88
88- 94
94— 96
99-104
104-109
109-114
114-120
120-126
126-131

62
E

1. 06

1le32
le 44
le 40
le35
l.24
l,64
2.10
l. 70
1.58
2005
le13
1.94
le 46
0.35
0.30
0+ 45
0.45
0.36
0.43
0. 74
C.98
0.62
Oe 74
0.59
0.33
0.31
0.26

31-62
4

14012
14468
13.78
12. 20
11.77
10. 76
9446
11.44
11. 64
12.08
10.91
11.73
12.28
12. 60
1259
12.64
11.57
11.35
12. 42
14.13
12.12
14,76
15,06
13.76
12.79
11.27
8. 11
6480

16-31
]

15.00 -

24456
23.18
224 44
20.70
19.94
19,98
20.96
21.82
23.36
25.14
23.90
26.86
25.02
27.62
27.50
28.52
26.94
2974
31.00
30.04
3l1.76
31.02
3l.04

31.86

29.56
25.40
21.59

PARTICLE SIZE (MICRONS)

8-16
F 4

17.80
15,92
15.76
15,66
15.12
15,58
15,56
15.84
15,22
15,94
154 60
16056
16,68
18.08
17.30
16. 56
17.90
18,86

18.18.

18.66
18.66
17.82
18+ 74
18,74
20.16
22.14
22,66

4-8
2

8.28
Te26
8.40
7.86
T.84
7.98
8. 00
8.14
8.56
8.02
Te92
Te78
686
8.28
Te84
Te.70
T.82
8.78

9426

"7.88
8.58
8.10
8.42
7.50
6.88
8.38

10.28

12,40

2-4
k4

4490
5. 04
4e 60
4e 24
4. 06
444
4¢ 50
5.04
5.38
5. 22
5«36
4¢ 40
552
4496
4e 34
4e38
532
5.68
Se 80
5612
5. 46
532
4, 88
4,70
4. 14
40 94
5. 88
7. 00

1-2

548

4e94
3.96
4468
4.70
4e T€
5440
5.50
6e22
616
6.22
5446
5.70
5456
4.98
5.00
4450
5.02
S5e28
5456
S5e48
5440
5.28
474
3,78

4.32

4036

418

De 5-1

12.66
11.36
11.24
11.326
13,32
15.56
16432
16.98
15.74
16416
14472
14014
12.92
11.98
12,22
11.92
12.82
12.42
10,82
10.66
11.92

9,80
10.68
10.86
11.20

9.16
11.56
11.20

<

0.5

12.84
13.04
17.48
20.06
20460
20.20
19,12
14.28
13.10
12.20
11.74
15.86
11.36
13,46
11.98
13.26
11.44

11.46

T.46
T.04
T.00
5022
6.22
Te92
10.02
11.88
11.96
13.40

€6¢



SITE 9 (CONTINUED)

DEPTH

(INe)

131-13¢
136-140

>

62
2

0.76

1.60

31-62
3

- %932
11.04

16-31
4

22.08
21.08

PARTICLE SIZE (MICRONS)

8-16
4

1926
16.82

4-8
2

"10.70
Be 40

2-4
%

6010

5.28

1-2

4,42
44064

0. 5‘1

9.30
11.18

<

0.5

18.06
20.56

LA T4



SITE 10
DEPTH
(INe)

o- 8

8- 13
13- 18
18- 22
22~ 26
26- 321
31- 36
36~ 42

42~ 47
47- 52
52~ 57
57- 62
62~ 66
66~ 68
68~ 73
13- 78
78- 83
83- 86
8¢- 96
96-100

100-103

103-108

108-113

>

62
z

2622

0.92
0. 74
0.84
2642
1l.87
le 84
1.82
le52
1.57
0. 67
0.64
1.28
1le 64
0.29
0.56
0.88
0e37
0.52

0632

0.11

1.32
230

31-62
2

14,03
12.99
Te62
12,36
11.14
10. 78
10.80
9422
17.30
11.58
12,03
18,28
10.82
10.96
6464
11,61
11.75
0.0

12,08

0.0
8.15

9,60
16.69

16—-31
4

23.94
24¢24
28.21
18+ 24
19.73
19.15
2515
23.38
20.78
22.27
23.60
17.84
25.21
25.71
27.00
27.87
27.83
29.96
2T.47
27.41
24.28
19. 84
38,02

PARTICLE SIZE (MICRONS)

8-16
%

18.75
14. 70
11.58
11.94
12.24
13.89
7.98
14.76
17.08
16,09
17.66
17.86
17.52
18,08
244 61
17.72
18430

- 18,02 .

18,91
19.75
19,61

17.38
11.92

4-8
%

13.51
715
S5¢44
6048
6.14
8e.84
7.59
6412
5.88
6491
7.09
7.05
7.69
7.69
6473
7.65
Te25
7,05

" 5.76

12,95
9.56
8436
Se.01

2-4
%

" 96 26

516
4073
6. 06
2.82
Se 84
566
6. 04
5656
5. 98
5. 84
Se 76
4097
4,67
4e T5
4.51
7.15
0.0

8. 04
5. 80
2. 74

1-2
Z

9.10.

3.18
2.82
3.26
4437
3.59
4415
5. 01
536
4065
4,05
3,81
3,60
3,89
2. 84
3,52
3.99
0.0

4,51

0.0.
2076
4.89
2. 60

0.5-1
2

9428

11.12
11.26
14,22
17.18
17.92
15,81
14.82
15,28
16.75
15,22
14,32
14,21
13.79
13.21
13.41
12.22
0.0
10,71

9,99

10.96
6el4

0.0

<

0.5

0.0

2le45
27.27
27.93
20.72
2le.14
2084

19,21 -

17.32
l4.14
14.12
14,22
13,83
12.48
13.71

12499

13,03
12.67

12,81

0.0
17.50
21.85
1458

s6¢



SITE 11
DEPTH
(IN.)

0- 6.
6- 11
11- 17
17- 22
22- 27
27- 32
32- 37
37- 42
42- 48

48- 53
53- 58
58- 64
64— 68
68- 75
75- 80
80~ 85
85- 90
90- 96
96-102

62

Oel4
C.84
1.00
0.76
0. 89
0.91
1l.34
1.59
0. 48
0.77
1. 22
l.32
0.99
0. 24
0.46
De 72
0.61
1.31
0.10

31-62
%

14, 75
11.76
5¢ 54
8¢37
8.81
8. 87
9.24
0.0
11.51
13,78
11.96
10.02
10.26
9, 99
11.00
11.92
9.28
10.73
.86 T6

16-31
Z

28.51
24.81
20.84
19.23
18.18
20.66
21,47
22.88
24455
264,66
284,51
26.20
25476
24.04
27.14
26.94
30.81
29.48
28.82

PARTICLE SIZE (MICRNONS)

8-16
4

18.02
16.55
14,18

9.52
12.73
12.42
14,44
16.19
16,15
16.85
17.90
18.22
234,52
19.98
15.91
16.07
14.20
14.62
17.68

4-8
z

6481
T.75
10.57

6.22

6.87
8.30
7.01
Te19
Te39
Te43
Te57
Te63
0.0

8.54
Te27
6.40
7«95
Te45
8460

2-4
k4

4461

4027
3.89
3664
3. 69
3.83
4. 03
0.0
4011
3¢ 24
3.50
3. 75
3.95
4027
4. 09
3.85
3. 81
3.60
4651

1-2

5¢94
3.86
3.88
4.16
4. 04
4452
522
5464
6459
580
5040
590
4071
4013
6044
6.10
6056
5.88
5.68

0. 5-1

14480
13.56
15.94
18.46
24.68
19.86
20482
19.86
14416
12.30
10.77
10.91
11.94
13.49
12.59
13.92
13.33

9.63

9.42

<

0.5

0.0
17.20
24.16
29,64
20.10
20,64
16,42
l4.14
15.06
13,17
13.17
16.05
15.81
15.32
15.10
14.08
13445
17.30
16643

96¢



SITE 12
DEPTH
(IN,)

0o- 5
5- 7
7- 14
14- 16
19- 24
24- 29
29- 33
33— 138

38~ 43
43~ 47
47~ 52
52- 55
55— 58
58- 62
62— 64
64~ 69
69- 73
73- 78
78- 83
83- 88
88- 92

>

62
2

1.64
l.61
1.86
2.40
2. 26
1.06
133
le24
178
0« 49
0.22
0.29
0.51
Oe71
4020
0.95
0. 84
0.76
0.82
1.83
1.68

21-62
2

15.29
13.92
14,30
13,15
12,52
12,11
11.10
11,91
10.94
10.96
12.06
12,07
0.0
10.99
13.86

14.10

12.96
15,97

11.94

11.57
12,55

16-31
2

28.94
29.94
28,07
26.40
21.16
14.88
16.55
18.12
19.31
2159
2159
23.22
22,31
24.14
21,99
20,98
2757
27.63
25.84

22.29

20,64

PARTICLE SIZE (MICRONS)

8-16
2

17.68
17,98
17.88
16.85
l4. 74
11.48
12,00
12. 64
14,18
14476
16.63
16.94
18.67
17.96
16.25
23492
18,57
18.87
18.30
17.90
18. 69

4-8
2

1.97
Be24
%14
9.06
T.59
622
630
6. 77
Tel7
T.81
8.08
8.26
12.57
Te83
T.21
Te37
T.69
Te32
8e.24
8.89
8.98

2-4
2

50 46
552
Se¢ 48
5. 20
459
3,38
3,97
4. 07
40 27
3.91
4e 55
4093
0.0

5¢ T4
5066
4¢ 87
5. 08
499
530
5.80
5 96

1

2

4.03
3.66
4403
4.27
4013
3,06
4¢45
4049

4. 07

4e45
5.16
4.67
3.30
4.01
3.85
3.02
3.87
3.46

4¢19

3.30
3e24

0. 5"1

8.88

9.42

S04

9.08
12,97
15.75
16.11
14.56
14.22
1275
12.44
11.58
14,42
14,32
13.29
12.16
11.08

11.42

580
11.38
11.32

<

0.5

10.11

9.71
11.20
13.59
20.04
32.06
28,19
26.20
24406
23,28
19,27
18.04
16.55
14.30
13.69
12,63
12434
12,57
19,57
17.04

1694

Lse



SITE 13

DEPTH
(ING)
o- 8
8- 12
12- 16
16- 21
21- 26
26- 20
30- 35
35— 40
40- 44
44— 49
49- 54
54- 59
59- 65
65- 68
68~ 75
75- 80
80~ 85
85- 88

62

1.63
2,24
3.68
1.86
0.97
l.11
1.35
0.59
071
0.50
0.80
l.70
1,77
1.90
0.88
3.06
le4l
2.13

31-62
E

13.31
11,90
11,08
6062
8.21
Te 55
8¢ 45
9. 75
17.45
10.36
10.92
9.96
9,63
10.18
8632
10,28
12.43
206 21

16-31
%

28.18
26.68
24.10
15.64
16,12
17.86
16. 66
19.12
13. 40
22.38
22.16
23. 74
24.38
23.88
21.20
19.50
22.72
16632

PARTICLE STZE (MICRONS)

8-16
z

21.16
20.04
16.84
12.40
13.18
13.54
16456
15.44
. 1632
17.96
17.58
16,60
18.64
22424
20.18
18,86
17.42
8. 86

4-8
%

8620
9,02
Te24
Te74
6040
670
Te46
7.06
T.68
T.78
8.02
9.12
8.60
5032
11.54
12.10
12.72
4,90

2-4
%

4,02
6046
Te 86
44 86
3,18
530
540
5068
Se74
5.78
562
6632
6e 24
5. 88
Te 04
6.78
5. 94
2092

1

2

40 26
4o 6%
4¢ 60
3.60
580
4¢ 04
4e12
4.10
4428
4.18
4e52
4070
520
4. 80
4.10
3.96
348
5e 86

0.5‘1
E 4

10.10

8.14
1032
1526
14.44
15.82
14,98
13.64
l4.42
14.36
14012
13.80
12.44
11.92

9.88

8.30

Te24
17.22

<

0.5

9.14
10.68
14.28
32,02
31.70
28.08
25.02
24.62
19.70
16.70
16,26
14.06
13.10
13.88
16.86
17.16
16. 64

26,00

86¢
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APPENDIX P

RAW DATA



SITE 2
DEPTH
(INe)

0- 5
5— 10
10- 15
15- 20
20- 25
25- 30
30- 36

48- 52
52— 55
55- 60
60— 65
65- 70
70- 75
75- 80
80~ 85
85— 90
90- 95
95-100

100-105

105-110

110-115

115-120

120-125

130-135

140-145

150-155

160-165

170-175

DIST.
(MI.)

11.7
11.7
117
11.7
11.7
11.7
11.7
11.7
11. 7
11.7
11.7
11.7
11.7
11. 7
11,7
11.7
11.7
11.7
11.7
11.7
11.7
11. 7
11.7
11.7
11.7
11.7
11.7
11. 7

CARB,
4

(e NeNeReNoNeNoNeoloNoNoNoNo oo
¢ 0 06 060 06 06 06 0 060 0 0 0 0

(e NeoNeoNoleNoNoNoNoNooNolloNoNo]

0.0

ORGe C
z

179

1. 52
1.13
0.70
Oe 47
0.20
0. 15
0.0
0.0
0.0

0.0
0.0
0.0

0.58

0.0

0e0

PH

575
5. 84
5.92
6.02
6.19
6.30
6.65
6.82
6.70
6.61
6.83
6. 65
6.80
6.85
6,72
T.05
6.99
Te55
Te65
T.80
T.76
T77
7.80
7.02
Te43
7069
775
Te63

0.81
0. 86
0.94
1,04
l. 04

10065

1.13
1.09
1. 02
1. 02
l1.02
le12
0699
0.92
0. 98
0. 95
O. 84
0. 79
0. 81
0. 81
0.83

0.83 -

0.81
0.88
0. 84
0.91
0. 84
le02

MN

0.32
0.34
035
0.38
0¢40
0e¢49
0.62
0.54
0.53
057
0.59
0.80
0649
039
0.56
0.4l
0648
Oe44
037
0«39

0.42

0.32
0.32
0e43
Oe44
0.39
041
0.70

PRIM,

88. 64
91,52
86+ 34
T4e17
60,08
5243
52.94
51.60
75.53
71,20

46,58
32480
58467

41.66

46.39

34,07

MICA

6662

7489

T.84
1l.11
254673
286565
26405
28627
11.02
10.52

12.35
47.77
29.20

35.41

28,86

33,79

CONC,

" 4e7T3
0458 -

580
14,71
14,28
18.90
21,00
20011
12,44
18.26

40.06
19.42
12.12

22.91

24474

32.13

09¢



SITE 2 (CONTINUED)

DEPTH
(IN.)

180-185
190-195
200-205
210-215
220-225
230-235
240-245
250-255
260-265
270-275
280-285
290-295
300-305
310-315
320-3225
330-335
340-345
350-355
360-365
370-375
380-385
390-395
400-405
410-415
420-425
430-435
440-445
450-455

DIST.
(MI.)

11.7
11.7
11e 7
11.7
11.7
11l. 7
11.7
11.7
11.7
11.7
11.7
11.7
11.7
11. 7
11.7
11,7
11.7
11.7
11.7

11.7

l1le7
1l.7
11. 7
11,7
117

11, 7.

11.7
11.7

CARB.,
z

8.64

6082

Te25

4,09
6037
T.25
6637
Te73
6082
6.82
Te73
7.28
T.73
591
7.28
591
T.21
6.37
7.25
‘5691
T.73
6637
T.28
8.19
6.82
637
8.19
Te73

ORG, C

5400

0. O

0.0

0.0 -

0.0

PH

 71.75

Te82
T80
TeT2
T.90
Te91
Te84
7. 86
T.93
Te73
Te 79
7.88
T.88
7.86
7.85
T.84
7.91
7«91
Te73
T.71
7.80
7.70
T«89
Te 76
7.81
T.94
Te97
8.01

0.87

0.87 .

0. 84
O.81
0e76
Oe 74
Oe 77
0. 71
0. 86
0.80
0. 81
0.86
0.82
0. 86
Oe75
0.59
0. 76
0.59
0. 59
0.38
0. 59
0.58
0. 66
Oe 71
0.76
0.51
0.82
0.51

MN

044
0e43
0442
De4?
0.38
Oe4l
0.46
0443
0.68
0e55
0.22
0,19
Oe15
Oela
0,09
0.05
0.23
0,07
0.24
0.15
0.29
0.23
0.23
0.29
0.31
0.29
O0e42
0.43

PRIM.

13.87

32.28

49,13

52.87

50.00

48.25

MICA

N
[ ]

N
x

39,56

28,4 39

35695

280,44

35.82

CONC,

23484

28.15

22446

21,55

15.92

L9¢



SITE

DEPTH
(INe)

455-460
460-465
465-47T0
470-475
475-480
480-485
485-490
490-495
495-500
500-505
505-510
510-515
515-520
520-525
525-530
530-535
535-540
540-545
545-550
550-555
555-560
560-565%
565-570
570-575
575-580
580-585
585-590
590-595

DIST.
(MI.)

11.7
1.7

11,7
11.7
11.7
11.7
11.7
11.7
11. 7
11.7
11.7
11.7
11.7
11. 7
1167
11.7
11.7
11.7
11.7
11. 7
11.7
11.7
11le7
11.7
11.7
11.7
11.7

11.7

2 (CONTINUED)

CARB.
z

Te73
8.19
8.19
8. 64
6.82
363
3.63
4.09
546
4¢55
%e55
2027
1.82
0.0

0.0

0.0

0.0

0.0

0.0

0.91
0e45
0.91
273
1.82
5046
4,09
2. 27
0.91

ORGe C

0.0

0.36

0.1l

0.27
0.62

0.18
0. 09

PH

7493
7.98

8.00
T«90
T.78
Te94
Te51
751
7. 80
Te36
T.60
T«59
T.55
T.13
Te57
Te49

Te4l

733
Te25
Te4l
T.40
T.49
Te51
T4l
TeT2
Te 49
Te4l
Te42

040"
0o 44

0.0
1.17
0.0

0060

0.0
0.99
0.0
Oe 47
0.0
Oe 75
0.0
0.38
0.0
0«48
0.0
Oe 45
0.0

- OQe48

0.0
0.45
0.0
0043
0.0
0. 50
0.52
050

MN

0.0
0.22
0.0
1.60
0.0
0.56
0.0
1.06
0.0

0.61

0.0
0.82
0.0
0.05
0.0
0e.16
0.0

Oel5

0.0

0.17
‘Oe0

0.20
0.0

0.18
0.0

O.18
0.23
0.14

PRIM,

45,28

24447

64426

6657

68,61

51.27

55.38

MICA

4

22,89

5¢67
30013
32,14

27.00
25445

35662
33,79

CONC,
k 4

30,81

6085

4.37
5«09

Be98
2650

292



SITE 2 (CONTINUED)
DEPTH DIST. CARB.
(INe) (MI.) %

595-600 11.7 1.82
600-606 1le7 0.0

ORGe C
2

0.31

016

PH

Te 69
Te49

0. 61
0670

0¢15
0406

PRIM,

81.58
87.58

MICA

13431

9.65

CONC,
2

509

2475

€92



SITE 3
DEPTH
{ INe)

o- 8

8- 12
12- 16
16- 20
20- 24
24~ 28
28- 32
32- 36
36- 41
41— 46
46- 51
51- 56
56— 61
61— 66
66- 71
71- 76
T6- 81
81- 86
86— 91
91- 96
96-101

101-103

103-108

108-113

113-118

118-123

129-134

139-144

DIST.

(MI.)

207
2067
2007
20,7
20.7
206 7
20.7
20,7
20,7
2067
2067
2067
2067
206 7
20,7
20 7
20,7
20.7
20.7
20.7
206 7
2067
20.7
206 7
2067
20,7
2007
20,7

CARB,
z

0.0
0.0 .
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0e0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
84 64
6637
6082
8.19
8488
7.73
8e 64
Te73

ORGe C
4

290
2.09
le 73
1e72

1.60.

0.98
0.77
0.38
0.26
0.18
0.12
0.09
0.03

0.0
0.0

0.01

0. 70

0.0

PH

5043

- 5427

526
5.49

. 534

5.33
558
5.61
5.68
5.69
5.68
5.70
570
570
550
5,60
575
5.80
6.10

~ 6215
" Te28

Te42
Te45
7039
7,53
T.49
T.51
7.50

' .0086

0.77
0.75
0.81
0.76

‘0659

0.38
0. 32
0. 45
0. 80
0.58
Oe 43
0.25
0. 23
0. 36
0e 42
0. 34
035
0e O

0.18
0.0

3.00
0.0

0.54
0.0

0.58
le 21
0.68

MN

0439
0.38
0435
0.37
0.36
0.27
0.0

0.07
0.05
0.08
0.12
C.08
0.07
0.06
0.06
0409
0403
0.03
0.0

0.03
’ 0.0 ’

0.24
0.0
0.13
0.0
0.68
0. 84
0.34

PRIM,

84025'

79,87

76099

76,84
59.93
62,05
79,93
83.91
T1.27
5572
65.6¢€
70605
72453

63.88
60436

75.51
27.05

43.14

MICA
%

" 4441 .
" Te54 -

5.89

3.85
12.19
13.23
10.63

9.35
20,00
16.00
1€.07
25.88
254635

32,43
38,86

25,66

19.62

31.19

CONCe.
2

11.32

12.57

17.10
19,29
2787
24670
9.42
6eT2
8.72
28426
18.25
4006
2ell

3.68
0.77

0.58
153431

25465

192



SITE

DEPTH
(INe)

149-154
159-164
169-174
179-184
189-194

199-204

209-214
219-224
229-234
239-244
249-254
259-264
269-274
279-284
289-294
299-304
309-314
319-324
329-334
339-344
349-354
364-36S
374-379
384-389
294—-399
404-409
414-419
424-429

DIST.
(MI,.)

20.7

20,7
20.7
20,7
20,7
20.7
20,7
20,7
20,7
20,7
20,7
20,7
20,7
20,7
20,7
2047
206 7
20.7
20,7
20. 7
20,7
2007
20,7
20.7
20.7
20.7
20.7
20.7

3 (CONTINUED)

CARB,
2

6437

10. 00

8.88

2.27
5.00
5091
6637
5¢91
Te13
10. 46
10.00
8e 64
8.19
8.88
5S¢ 00
591
8.88
Te73
Te73
6,82
6637
4455
8. 64
9.55
10.00
9.10
T.73
8.64

ORGe C

0.0

0.0
0.0

0.0

0.0
4o bl
0.0
0.0

0.0

PH

752

T.50
Te49
Te60

. Te&l

Te49
Te48
Te 40
Te48
Te56
Te32
Te40
Te 45
Te48
Te44
750
Te48
Te 52
T«55
T.58

Te 55

T.51
757
T.60
T.60
7.58
T.60
Te63

0. 90
0.70

0. 82
0.96

- Lo 02

lel4
0.88
0.95
0.92
l.11
0. 80
0.85
0.98
0655
0. 81
0657
0.68
0067
0. 71

10462
0. 79

0.68
O.78
0.73
0.56
0.59
0.93
0.62

MN

0.35
O.14
0.36
0.52
0.70
Oe47
0.55
0.66
0.68
0.42
0.37
0.38
0e42

0.28

0.77
O.18
0.30
0.26
0e47
0.31
0.52

" 0628

0.69
0.76
O0.41
0.43
0.49
0635

PRIM,
53,16

47.51

50640

52465 .

43,79

47.81

46446

52.33

2183

28,72

27491

29, 79

27.00

85442

33.57

37.66

23475

21,68

17,55

29.19

G9¢



SITE 3 (CONTINUED)

DEPTH.
(IN.)

. 429-434
434-439
439-444
444-449
449-454
454-459
459-464
464-469
469-474
474-479
479-484
484~-489
489-494
494-499
499-504
504-509
509-516
516-522
522-525
525-528
528-532
532-536
536-540
540-544

DIST,.
(MI.)

20,7
2007
20,7
20. 7
20,7
2067
20. 7
207
207
207
20.7
207
2067
20.7
207
2067
207
20.7
207
20e 7
2067
2067
2007
207

CARB.
E 4

8.19

6037
3.04
500
l.36
l.36
2627
2027
4.09
2627
le36
2673
0e45
0.91
le36
l.36
0.91
0e 45
0.0

0.0

0.0

0.0

0.0

ORGe C

0.0

0.0

0.0

0.18
0.19
0.28
0. 38
0.20
015

0.10

PH

T.62

T.05
7.21
7.02
7.08
T.19
Te25
T.20
Te22
Te42
7.50
Te4a2
Te1l9
T.10
Te 06
Te22
T.31
7.28

7.38
7.20

Te4l
Ts27

0.0

0.57
0,0

0e42
0.0

0e34
0.0

0. 50
0.0

0e 55
0.0

057
0. 60
0e62
0.79
0. 61
0. 64
0037
Oe 44
Oe 44

0042
0e 47

MN

w @

o

O OO~ OO WO
N ~N

eNoNeNoNoNol oo oo ok

0.13

PRIM,

63.67

6l.26

52,75

60.00
69.69
50. 40
82.94
84433
89,58

95440

MICA

23,18
30479
43,10

18.23
27.87
34440
11.62

9.15

CONC.

13.04

9292



SITE 4
DEPTH
(IN,)

0~ 5
5--12
12~ 17
17~ 22

22~ 26
26~ 31
31- 36
36~ 41
41~ 46
46~:51
51~ 55
55~ 59
59~ 64
64~ 69
69~ 74
T4~ 79
79~ 84
84~ B89
89~ 94
94~ 99

- 99-104

104~109

109~-114

114-119

119-124

124~-129

129~-134

134-139

DIST.
(MIe )

34,7
34,7
3447
34,7
34e 7
34,7
3447
34,7
3447
34,7
3447
3447
34,7
3447
34,7
34,7
3447
34,7
34,7

3467
34,7
34,7
34,7
34e7
346 7
3407
34,7

CARB,
z

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2,73
6437

ORGe C
%

206 -

2,22
2627
293
- 1le98
1.20
0.70
0.19
0.46
0. 49
0.05
0.0
Oe.14
0.01
0.0

0.0
0.0
0.0

0.0
0.0

Oe 71

PH

5¢31

5¢00
528
5049
5045

538"

556
5«70
5.68
5«78
596
599
585
6.10
6011
624
6.18
620
6,04
6e 25
6425
6e34
6010
609
6425
6e 40
6490
Te31

0.83

0. 82
Oe 77
0e75
0. 85
0.85
0.97
1. 04
1.01
1. 04
l.10
0.92
1.03
0.94
0. 99
0.90
1.04
0.97
1.01

1. 06

0.91
1.00
1,04
0.95
0.0

1l 06
0.0

O. 84

MN
z

0.41

Oe4l

0.38
0.43
043
0.40
0.43
Oe 54
0.46
0.53
0.55
0.45
0.4l
0.28
0.29
0632
056
0.65
0.49

055

0e35
0.59
0e44
0.27
0.0

0662
0.0

De42

PRIM,
z

8€ ¢ 46
T84 65
80.46
T4e33
T4e 60
43,51
39.13

37.07

25443
29¢ 54
41,93
49,74

. 42.66

28440
43470
38.68

42.85
39,15

31.25

MICA
z

. 2415
" 0e45

2455
598
3,63
4016
Tel4
8.04

10,28

15465

13,35

22.66

14,35

16433

37.76

21.9¢€
20.13
28,73

29,79

28431

2777

C.ONC,
4

15,75
13,09

18,79
13.56
22,04
21.24
49,35
52483
52465
58692
57.11
35,95
43,72
33,93
19,58

49.€2
36615

32,57

27.34

3253

40,97

L9



SITE 4 (CONTINUED)

DEPTH
(IN.)

139-145.

145-150
150-155
155-160
160-165
165-170
170-175
175-180
180-185
185-190
190-195
195-200
200-205
205-210
215-222
222-227
227-232
232-237
237-242
242-247
247-252
252251
257-268
268-273
273-278
278-283
283-288
288-296

BIST,
(ML)

34,7

3407
3467
34,7
34,7
34, T —
34. T
34,7
3447
3407
347
3467
3467
2467
34,7
34,7
34,7
34. 7
34417
34,7
34,7
3447
34,7
3467
24,7
34,7
3447
34,7

CARB,
E 4

2,73

5.00
5446
5491
6482
6.82
5.46
591
6437
5091
6037
6e37
6482
6437
5.91
6. 82
8.19
6. 82
6482

6e82

5.91
591
5.91
500
6.82
6637
6082
5.00

ORGs C

0.0
7.00
0.0

0.0

0.0
0.0
0. 60

0.0

PH

Tel4
Te27
T 26
T.23
7.28
Te 40
Te49
Te24
7.28
7.20

Te27

Te 54
7449
7.38
T.41
Te#kl
Te53
7-38
7.58
7.52
7.61
7.60
7.58
7.61
Te 60
7.62
7+50

NT
m

0e62

0.0
0. 65
0.0
0. 75
0.0
0657
0.0
0«46
0.0
0.69
0.0
0.51
0.79
0.57
0.72
0.0
0092
0.0
0.73

0.0

0. 69
0.0
095
Oe O
0«85
1.19

CO0O00O00CQOOCO0OO0OO0000O

MN

= N o N Xe]

WOWOMNOWUVMOmOHONO
-

)
D
@® O

WN
[+ JKVe]

)
Q

0.51
0.0

0.37

0.0
0.42
0.0
0.61
0.0
Q.59
1.28

PRIM,

21,73

20.33

41,78

33.65

44.90

37.50

46447

80,89

MICA
z
26044
14,91
24439

36,07

CONC,
b 4
5181
64eT4
26632

30.26

32,23
.35.71
36455

16,29

89¢



SITE 4 (CONTINUED)

DEPTH
{INe)

296-302
302-308
308-315
315-320
320-325
325-330
330-335
335-340
340-345
345-35¢C
350-353
353-356
356-362
362-367
267-374
374-379
379-382

DIST.
(M1,)

34,7
3467
34,7
34,7
34,7
34,7
34,7
34,7
34,7
34,7
34,7
34,7
34,7
34,7
34,7
3447
3447

CARB.
2

4099
3.88

- 3.88

leo11
l.11
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

ORGe

0.0

0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

PH

Te5T7
7«56
T.45
7.30
7.30
7632
T.18
T30
Te35
T.38
T.30
7.20
7,20
7.23
7.1l

' 0e94

0e.52
0.58

‘0.0

0033
0.0
0.46
Oe &4
0e52
De 63
0. 20
0.21
0.29
0. 44
Oe 4l

MN

1,22

. Oe78

0.68
0.0

0.09
0.0

0.11
O.16
D.17
0.27
0.02
0.03
0.05
0.06
0.06

PRIM,

3l.31
57627
58486

54,08
73.25

89,16

91.57
9%, 24
95,87
94,17
91.55

MICA

11436

10.00

19.69

18.02
25422
8. T4
SeT&
4e54
349
3.7T€
389

CONC.,
?

57432

W
(Y]
[}

-J
N

2le 44

27.88
1.51
2.09
2468
le21
0.563
2,05
454

69¢
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68°0
$8°0
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L8 °0
68 °0
Lz°1
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18°0
9L°0
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Y6 L
08°L
26°L
06°L
s6°L
96°L
SL°L
2L°2
09°L
s6°L
06°9
%G °9
09°9
L%°9
09°9
85°9
9€°9
0%°9
8€°9
0%°9
29°9
£9°9
6€°9
82°9
0€°9
G2°9
8E°9
0L°9

Hd

0°0

0°0
¢t*o
0°0

99 °0
€¢°0
1 XAl
s%°0

59°0
SL°0
INA
%s°1
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&
J *940

61°8
00°01
L8°8
$9°¢
SG°Yy
00°s
%9 ¢
00°s

- 9%°g

60°y
0°*0
0°0
0°0
0°C
0°0
0°0
0°C
0°0
0°0
0°o
0°0
0°0
0°0
0°0
0°0
0°0
0°0
0°0

3

°guv)

8Ly
BLY
8oLy
8Ly
8°LYy
B°LY
8Ly
8Ly
8°Ly
8°LYy
8°LYy
8Ly
8Ly
8°LYy
8Ly
8Ly
8°LYy
8°Ly
8°LYy
B°LY
B°LY
8Ly
8Ly
8Ly
gLy
8°Ly
8°LYy
8Ly

(*In}
¢1S10

LeE1-C€l
ce1-221
L21-221
221-L11
L11-211
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LO01-201
20T-L6
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26 —L8
18 -¢t8
£8 -84
8L -tiL
€L -89
89 -€9
€9 —-8¢
8S -€S
€S —-8%
g8y -t
£y -6¢
6t -GS¢
ge -0¢
0 —-%¢
¢ -0¢2
02 —-s1
ST -11
i1 -9
9 -0
(°NI)
Hid3d

s 3LIS



SITE

DEPTH
UIN.)

137-142

142-147
147-152
152-157
157-162
162-167
167-172
172-177
177-182
182-187
187-192
192-197
197-202
202-207
207-212
212-217
217-222
222-221
227-232
232-2317

- 237-242
242-247"

247-253
253-258
258-263
- 263-268
268-273
2713-2718

DIST.
(MI.)

- 47.8
47.8
47.8
47.8
47.8
47.8
47.8
47.8
47.8
4T.8
47.8
47.8
47.8
47.8
47.8
47.8

47.8-

47.8
47.8
47.8
47.8
47.8
47.8
47.8
47.8
47.8
47.8

5 (CONTINUED)

CARB.
z

. 6637

5.00
546
8e87
6.82
591
4009
4.09
5.91
5.91
5.00
6.82
4¢55
3.64
3.64
4¢55
3.64
2673
1636
0.0
0.0
0.0
0.0
0e 0
0.0
0.0

0.0 .

ORG.

0.0

0.0

0.0

0.0

0.0

C

0.0

0.0

PH

8.10

7.88
7466
7490

795

7.90
7.91
7.97
799
7.90
7.50
7.70
7.70
7.70
7.70
T.77
7.70
7.69
7.53

Te81

7'. 59
Teb61
T«60
Te51
T.31
T.38
740
Te28

0456

0.0
Oe 54
0.0
Oe 48
0.0
O. 44
0. 56
0.50
0. 54
0.0
077
0.0

0059

0.0
0e 59
0. 55
0e 69
065

0. 76

0.83
0.0

0. 34
0.18
0.18
0e 66
0.97
130

MN
z

017"
0.0

0.16

Q060

0.33
0.0
ODeb4
0.29
0.30
0.32
0.0
0.66
0.0
033
0.0
0.32
0.28
0.49
0e42

0.51
0.0

0.19
0.12
0.19
0.13
0.05
0.02

PRIM.
%

44064

38.29

34,69

25426

59.02

40.86

51,96

MICA

38,92

25.26

27437

22653

23.98

9,67

14,32

CONC,
b 4

16,42

36443

34493

52.10

16,98

© 49446

332,70

e



SITE 5 (CONTINUED)

DEPTH
(IN.)

278-285
285-288

288-292

DIST,
(MI.)

47.8
47.8
47.8

CARB,

3

(o =)

ORGe C PH

0.0 Te21

0.0 Te24

0.0

0.0
0.19

MN PRIM,

0.0 89470

0.05 84,83

93431

MICA

5.88
0.0
0.0

CONC,

4o ‘}1

1516
6.68

aLe



SITE 6
DEPTH
(IN.)

0- 6

6~ 10
10- 14
14— 19
19- 24
24- 28
28- 32
32- 37
37- 42
42— 48
48- 54
54— 59
59- 64
64— 69
69— 74
T4- 19
79- 84
84— 89
89- 94
94- 99
99-104

104-106

109-114

114-119

119-124

126-129

129-136

136-140

DIST,
(MI,.)

6844

€8e 4 -

6804
68.4
68B. 4
68¢ 4
68s4
68¢4
68. 4
68+.4
68. 4
€8s 4
68.4
68. 4
68.4
68,4
€8.4
6844
68. 4
68 4

6864

68. 4
68.4
68.4
68, 4
68,4
68s 4
6844

CARB.
4

040"

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0 . .
0e45

3.64
2.73
3.18
5.91
4655
46 09
5046

ORGe C
%

- 2034
1437
1.58
0.62
0. 24
O.18
0.06
0.0
0. 04
0.02
0.09
0.08
0.0

0.0

0.0
0e0,
0039

0.0

PH

6633

6ell
592
590
603
590
6012
6025
6.28
6.21
640
be 36
6He4l
6458
6¢ 54
6460
665
682
6486
680
7.21
Te 40
Te 57
Te31
Te 54
759
Te.58
Te 65

Oe 84

- 0e83

0. 88
0.91
0. 89
0.86
0.92
0.91
0.93
O. 97
0.96
0,98
0.90
0.91
0.94
0.88
0.89
0.90

. 0e99

Qe 97
O.88
0.85
Oe 87
0.85
0. 84
0. 89
Oe74
0. 85

MN

0041
040

Oe44.

O.44
0e43
Oe42
Oe45
0.50
0e57
0.53
057
0.45
0e49
0e¢49
Ce36
0e42
0.51
O.71
0.58

0046 ’

0.40
0.35
0.34
0.24
Oe42
0.61
0.45
0063

PRIM,

62.19

48433
37433
37.81
35,67
364,06
4516
28.47
30.82
24,67
35,25
24,09
24412

20.19

1€.57

17,01

19,23

20,78

MICA
%

2e¢32

2458

6.33
3.98
252
1437
18.95
25.24
24435
21.59
18,70
16632
17.09

17,90

16,00

16667

12,20

9.33

CONC,
¥

134,88
49,07

56433
$8.20
61,79
56455
764290
464,27
44,81
53672
46,04
59,58
58,18

61.91

67442

664,32

68,47

69,87

€Le



SITE 6 (CONTINUED)

DEPTH
{INe)

140-145

145-150
150-155
155-160
160-165
165-170
170-175
175-180
180-185
185-192
192-195
195-197

DIST,
(MI.)

68.4
686 4
6844
6844
68e 4
68.4
68. 4
6844
68s4
68s 4
68.4
68.4

CARB,
z

5e¢46
6e 82
591
4¢55
4e 09
0.91
1.36
0.0
0.0
0.0
0.0
0.0

ORGe C

0.0

0«51

Oel5

0.0
Oell
0.10

PH

7.60
T.73
T.70
Te78
7.68
761
T.61
T.60
Te45
Te40
Te48
740

O. 84

0.38
0.53
0.57
0o 46
0e42
0.58
0. 80
0. 84
1. 66
0.34
0o 44

MN
3

0442

0.43
0.36
0.46
0.19
0637

D.71"

0.39
0.28
0.03
0.02

PRIM,
%

4l.74
72,53
70636

38,22
93415
90. 94

MICA
%

6060
4e40
192

lel5
0.0
0.0

c

GNC,

51465

236,05

27.€8

€0e€1
6e 34
9.05

LI X4



SITE

7

DEPTH

{IN)
0- 6
. 6= 11 .
11- 16
15- 19
-19- 22
22— 25
25— 29
29—~ 33
33- 38
38- 46
46- 51
51- 55
55- &0
60- 65
65- 70
70— 75
75—~ 80
80— 85
85- 90
90- 95
‘95-100
100-105
105-109
109-114
114-120
120-12¢
126-132
132-137

DIST,
(MI.)

"B4e 4

84e4

84e4
B4e4
B4e 4
B4e 4
B4e4
8444
B4ed
B4e4
8444
B4e4
B4e 4
84e4

8"." '

B4e 4

B4e4 -

8444
B4e 4
84e 4

84,4 .

8444
844
B4e &
84.4
844 4
B84e 4
84e 4

CARB,
Z

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
040
0.0
040

0.45
2.73
5.00
6637
4¢ 55
5.00
3e64

ORGe C
4

270
256
2071
2625
le42
le61l
0.79
0e 92
0.39
Oel4
0.08
0.04
0.03
0.01
0.0

- 0e0

0.0

0. 40

0.0

0.0

PH

6029

6.00
6,08
S. 95
595
6. 00
596
597
5098
6.14
6.05

610

6.31
6640
6450
6445
6463
6 80
6.88
Tel5
7.45
7.67
Te42
T.54
T.70
7465
7.80
7.80

0. 79
0. 80
O.81
0.90
0.96
0. 98
1.07
1l.04
1. 00
1.07
1. 04
1.16
0.95
0.95
O« 84
0.88
0. 87
0e97
0e 94

- .0e90

0.83

‘0690

0. 85
0. 83
0.79
0e 79
0.79
0.74

MN

0.48
0e43
Oe4l
0043
Oe42
Oe43
0.42
0.39
0.30
0.40
0.35
056
0.53
0.36
0.23
Oe4l
Oe¢43
0.66
0.53
0.48
0.34
Oe44
0.31
0.55
0.41
Oe44
0«53
0.34

PRIM,
2

4T7.52

47435
34.44
32.46
30425
43,18
26438
33.41
37.24
31.86
38486
26415
23450
29,04
484042

16.81
15,69

2727
13.47

64.98

MICA
2

0.0
“1.98
lel1
2431
2401
1.51
3,12
6049
9494
11,02
10.56
9., 80
14,73
20423
20482

23,99

24492

9,28

CONCe.
2

52047

50666
64044
65,21
6772
55630
7048
60.09
52.80
57.10
50656
61.20
61.75
50.11
30.75

41,25

59,28
63.34
84¢39

28,29

SLC



SITE 7 (CONTINUED)

DEPTH
(IN.)

137-142
142-147
147-152
152-1517
157-161
161-164

DIST.
{MI.)

B4e 4
84e4
B4e 4
B4e &
B4

" Bhed

CARB.
4

3.18

3.18
0.91
0.0
0.0
0.0

ORGe C

0e12
0.0
0.0
0. 07

PH

"TeT5S
7.81

T.82
Te61
T.58
Te 54

0.87
0.75

0.86

0. 66
0.53
0.16

MN

0449
0.16
0.35
0.38
0.33
0.0

PRIM,
z

50.79
46468
43,97
89,34

MICA
3

575
5¢36
9. 44
0.0

CONCe.

43,45
47.94
46457
10.65

9L



SITE 8
DEPTH
(IN.)

0- 8
8- 13
13- 18
18- 25
25- 30
30- 34
34~ 39
39- 44

44- 49
49~ 54
54~ 59
59- 64
64— 69
69- 74
T4- 719
79- 83
82- 88
88— 93
93- 98
98-103

103-108

108-113

112-118

118-125

125-130

130-133

133-138

138-144

DIST.
(MI.)

95,5

95.5
9545
955
55.5
95.5
9545
95,5
95.5
95.5
95. 5
95.5
95.5
9545
95,5
9545
95.5
9545
9545

95.5 .

9545
95.5
G5.5

95.5 .

95.5
955
95.5
955

CARB,

2

0.0
0e0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0 .

0.0
.00
0.0
0.0
0.0
0.0
0.0

ORGe C
2

1.77

1.70
le 38
0.94

0. 20
0.06
0.0
0e 0
0.0
0.0
0. 0
0.0
040
0.0
0.0
0.0
0.0

0.0
0.0

PH

6,85

6.38
570
5055
5.58
S5e 48
550
5651
573
5.74
587
6.09
6450
6440
6657
6460
6.48
6043
6452
6.59
6461
6,60
6o T4
6.72
6672
6. 50
679
6473

0. 88

090 .

1,01
1.03
1.08
1. 05
1.20
1.02
1.26
l.16
l.01
0.98
0.92
0.93
le 42
1.33
1.38
096

1.50

1. 00
0.71
1.05
0e 79
1.30
0.82
0. 70
0.56

MN
4

0.48

De4?
0445
Oe44
0.32
0.25
0.28
0.35
0.67
0.47
0.38
0.19
O.11
0.22
0.29
0.29
0.67
0.52
0.34

0.23

0.37
0.29
0.35
0.37
0.49
0.29
0.34

PRIM,
z

30.74
4le32
29,28
26487

22406

25425
17.04
37.24
29,00
21.04
10.41

28420
20482
25.10
33.89
30,75
19.29
29446
36443

MICA
4

0.21
0.0
0.60
3,56
4492
8469
4042
20404
21.67

244,17

23,12

21,50
20642
16.86
10.81
24437
16.90
18,81
15.00

CONC.
%

69405
58, 68
70412
69,57
73.02
66406

78+ 54

42472

49,33
54,79
66647

.50630

58,04
55.30
44,87

- 6381

51.73
48657

LLe



SITE 8 (CONTINUED)

DEPTH DIST., CARB. ORGe C PH FE MN PRIM, MICA CONC.
{IN,) (MIe) E 4 % 4 £ 4 % 2
144-150 9545 0.0 0.0 6672 - le08 0.24 2727 . 3e 4l 69.722
150-156 95.5 0.0 0.0 7.03 033 . 0.02 90.50 0.0 - 9450
156-168 95.5 0.0 ‘ 8l.92 0.0 18,08

8L¢



SITE 9

DEPTH

(INe)
- 6
6— 9
9- 12
12- 17
17- 22
22- 25
25— 28
28- 32
32- 36
36~ 41
41- 46
46~ 52
52- 56
56— 58
58— 63
63— 68
68— 73
73— 78
78— 83
83- 88
88— 94
94— 99
99-104
104-109
109-114
114-120
120-126
126-131

DIST.
(MT,)

116.2
116.2

116,2
116.2
116.2
116, 2
116.2

116.2

116,2
116,2
116.2
116.2
116.,2
11602
116.2
11662
11662
116.2
116, 2

11642

116.2
116, 2
116,2
116.2
116, 2
116.,2
116, 2
116.,2

CARB,
%

(ef-NoloRoNeoNoloNoNeNoNoNeoNoleNoNoNeNo)
® 006 © 060 06 0 0 06006 0606 06 0 0 0 0
(oNeNoNoNoleNoNoNoloNoNeNoNoNeoNeNoNoNa)

Qo
.
o

0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0

ORG, C
E 4

240
le66
le22
1.08
1.13
0. 40
Del2
0.04
0,05
O0.11
Oel4
0.0

0.0

0.0

0.0

0.0

0.0

0.0

PH

6423

6.20
5095
575
S5¢74
576
581
583
589
605
6.07
6.23
6e45
6445
6.58
6.77
7«10
7625
Te52
T«80
Te54
7«75
TeT4
T.56
Tes2
730
Te26

N 6.92

 0e65

0672
Ce 74
0.87
0.94
0.98
1.00
1.18
1.01
le4a
1.11
1.38
0.0
0. 64
0.60
1. 03
0. 70
0.62
De 447
Q.71
lelb
1,12
1.05
0. 90
0.51
0.51

0.61

MN
%

O0e44 .

0+45
Oe 44
0.39
0.41
046
0.56
0.78
0.66
0.80
lell
0036
0496
0.22
0.26
0.15
0e.34
0.42
0.25

- 031

065
0.27
0e34
0.32
0.21
O.11
0.10
0.06

PRIM,
4

27.07
28e 74
18,81
19.27
19.89
17,73
12.50
13,24
2T7.83
ll.14
13.30
14.11
10,18
30.85

42,41
15622

6227

37.78

MICA
2

1.40

- 3697

0. 8°
258
3.13
3.18
4e 0O
3.7
4,67
10.05
3.01
4043
6. 04
le45
18.28

8. 96

Oe 46

CONC,
2

58.98
68695
70635
78459
T7.49
76492
78.19
83,52
82,07
62.11
85.84
82.26
79.83
88,36
50485

48462
8096

35,90

6l.75

6L



SITE 9 (CONTINUED)

DEPTH
(INe)

131-136 -

136-140

DIST. CARB,
(M. ) 4

116,2 0.0

- 11662 0.0

ORG.

00

c

PH

7.20

T+ 05

0422

0.37

MN

N

oo
e O

oo

PRIM,

95,90

MICA
%

0.0

CONC.
2

- 4409

08¢



SITE 10
DEPTH
(ING)

0-

8- 13
13- 18
18- 22
22- 26
26— 31
31- 36
36— 42
42- 47
47- 52
52- 57
5T- 62
62— 66
66— 68
68— 73
73~ 78
78- 83
83- 86
86— 96
96-100
100-103
103-108
108-113
113-116

8

DIST.
(MI.)

13647

126, 7
136,7
136.7
13667
136.7
13667
13647
13667
136.7
13667
1’36. 7
1367
136.7
13607
136, 7
136.7
1367
13607

136,7 -
136.7 .

136.7
13667
13667

CARB,
%

0.0

000'
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

ORGe C
Z

2009
1,35
0.97
0.60
0. 28
0,07
0.04
0.04
0.02
0.04
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0. 0
0.05
0.09
0.0

PH

6690
5,98

Se75
5.86
592

611

6.10
6.28
6028
6637
6031
6624
6.35
6.40
6.36
6050
6e¢45
6450
6032
6440
6.50
6633
6.26

0,47

0¢ 49

0662

0.88
lel18
0.97
l.14
1.00
1.06
2630

Y X

055"
1.50
l.64
0.22
0.70
0.88
1. 06

. 0«38

0.88
030

- 1.07

0. 77

MN
z

0023

0.19
0.15
0.46
1¢56
0.85
0.75
1.06
0.89
0.72
0.33
0.31
0.60
0.84
0.21
0035
044
0.32
0.34
0.04

0.0

0.0
0.0

PRIM,
%

27.04

22,79
37.07
20.68
12,62
24426
28,33
21.88
20,27
18,30
17.93
27.94
12.04
17.78
31,22
29,09
26615
28,58
25,93
44446
76436
54 80
88,98
90+ 46

0.0

MICA
z

0¢0

057

0.0 ’
0.90
0.0

0.69
0.45
2,13
1,52
3,79
399
5.02
Te 26
3,88
Te27
596
0.90
4e44

225

0.0
0.0
0.0
0.0

CONC,
z

T72.96

T7.23.

62436
78,32
86448
75.83
70,98
78,12
77.60
81.70
78.28
72,06
82494
74496
64+90
63.64
67.89
70.85
69453
53,29
23,64
45,20
11.02

9.54

it82



SITE 11

DEPTH
{INe)

o- 6
6- 11

11- 17
17- 22
22- 27
27- 32
32- 37
37~ 42
42— 48
48- 53
53~ 58
58- 64
64— 68
68— 75
75—~ 80
80- 85
85- 90
90- 96
96-102
102-109
109-118

DIST.
(MI.)

148.,5
148,5
148.5
148,5
148.5
148,5
148.5
148, 5
148.5
148.5
148,5
148.5
148.5
148,5
148.5
148.5
148.5
148.,5
148,5

148.5.

148,5

CARB.

2

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

ORGs C

z

188 .

097
0.60
0.41
0.19
0.10
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.0
0.0

PH

6.08
5¢15
525
5671
596
6.20
6.20
6021
6.18
6.19
6.20
6.30
6012
6025
6,20
6.28
6.19
6.16
6627

0645

0. 49
0.54
0.76
071
0.66
0.49
0. 81
0.52
1.28
0e 67
0.66
O. 84
0.27
0.29
0.88
1.03
0. 90
0.09

MN
2

0.27
0.09

0.09
0.27
0.31
0.32
0.75
1.03
O.1l4
0.90
O.18
0.25
0.06
0.08
0.18
0.10
0.11
04l
0.0

PRIM,
z

38.86
‘37.18
38,37
33.24
32.95
33.14
19.74
12,56
19.61
28,32
46,79
35.12
21.09
36.03

12,18

25460
69,70

95,02

98,06

MICA
z

0.0
0.24
0.0
0.0
le52
1. 70
3.73
5617
3.76
0.0
3.27
476
6.13

3,68

6033
44,05
0.0
0.0

CCNCe.
%

6le14

61,63
66,76
65,53
65.16
T7.53
82.26
70,91
67.92
53.21
6l.61
T4e15
5784

84.14

68,07
25,45
le24
le11

c8e



SITE 12

DEPTH
{IN.)
0- 5
5- 7
7- 14
14- 19
19- 24
24~ 29
29- 33
33~ 38
38- 43
43— 47
47- 52
52- 55
55— 58
58— 62
62- 64
64~ 69
69- 73
73- 78
78- 83
83- 88
88- 92
92~ 96
96-101

DIST.
(MI.)

160.5
160.5
1605
160.5

- 16065

16065
16065
160.5
160.5
1605
160.5

160.5

16065
160.5
16065
160.5
160.5
160.5
160.5
160.5
160.5
160.5
160,5

CARB.

0.0
Ce.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.0
0.0
Oe0
0.0
0.0
0.0
0.0
0.0

ORGe C
%

1.40

159
1,03
070
0.51
0.40
0020
O.11
0.0
0eO
0.0
0.0
0.0
0.0
0,01
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

PH

T« 09

6.20
5.81
580
573
560
590
6038
6039
6.68
677
6e4l
6439
6040
6460
6666

64669 .

6663
6.50
6. 60

0.46

0e53 -

0. 55
Oe 71
0. 85
0.88
0. 85
0.87
0.76
0. 70
0e¢35
le02
1. 29
1.04
0e79
0.39
O.70
1.18
1.05
0.96

0. 65

MN
4

0630

0.38
0.29
0e34
0051
0032
Oe4a?
0.33
De47
0el2
0.08
Oe.14
Ce20
0e46
136
0.0

055
0.40
0.26
0.06
0.02

PRIM,
2

52.83

47.97

37.58
16. 77
18¢24
16.67
17.40
24062
34,45
15,04
12.44
27.00
11.63
16.23
5622
30.80
20.51
29,01
15.68
70.00
78.30
75.00
82.16

MICA

CONC. /
2

47417 .
52403
62442
83422
82.76
83.33
79.90
70.77
57.93
83,21
86419
66407
85.04
80,23
94,00
65440
76.93
68452
83.96

30,00

21.70
25.00
17.84

€8¢



SITE 13
DEPTH
{IN.)

0- 8
8- 12
12- 16
16— 21

21- 26
26~ 30
30— 35
35- 40
40— 44
44— 4S
49- 54
54— 59
59—~ 65
65— 68
68- 75
75—~ 80
80- 85
85~ 88
88— 91
91— 96

DIST.
(MI.)

173.2

173,2
173.2
173,2
173.2
173,2
173.2
173.,2
173.2
173.2
173,2
173,2
173.,2
173.,2
173, 2
17362
173,2
173.2
173,2
173.,2

CARB,

%

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

ORG, C
%

1.39
"0.66
0. 49
0. 50
0.28
0.19
0.07
0. 02
0.0
0.04
0.0
0.0
0e 0
0.0
0.0
0.08
0.0
0.0
0.0
0.0

PH

5635

5445

5¢31
535
550
5«79
595
620
6.42
6433
6.34
6.60
6. 59
6050
6455
6042
6.58
6. 42

0.60.

0.76

1.16

1l.07
0.90
0.93
0.97
0. 81
1.04
0.51
1. 06
1«30
1.25
3. 30
0.65
0.23
0. 54
Ge 56

MN
z

0.33
0.34

- 1405

Oe73
0+49
0.60
0.66
0.24
0.56
0.42
0.43
1.52
0.94
0.18
016
0.05
0.02
0.02

PRIM,
%

22.89
7.89
4elé
3655
6056
458
5.90
9.22

10.11

12.37
6.61
2.84
4.78
2.06

63.88

95.33

91.86

94.36

92.73

96.79

MICA
%

0.0
0.0
0.0
0.0
0.0
0.91
l.24
0. 86
0. 89
2.00
0.73
0.31
O.84
1e37
0.0
0.0
0.0
0.0
0.0
0e0

CONC.
z

T7.09
92.09
95,85
96044
93.43
94.49
92.85
89.91
88.98
85.61
92.64
96.83
94.36
96.55
36.11

4.66

B.13

Ta26

3.00

h8e



