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CHAPTER I
INTRODUCTION

Phytoliths are minute bodies of isotropic opaline
silica which has been precipitated within the cells of grasses,
sedges, reeds, and some woody plants. Baker (1959a) suggests
that phytoliths may have been deposited as unwanted material,
or as reinforcement of cell structures.

Silica in plants was first observed in 1804 (de
Saussure) and it was noted then that graminaceous plants
contained more silica than leguminous types. It also has been
noted that the percentage of silica present in the plants was
affected by the amount of monosilicic acid in the soil solution
(Jones and Handreck, 1965a).

Opaline silica has certain advantages over pollen for
paleoenvironment interpretations: (1) phytoliths are not
easily destroyed by variations in soil chemistry; (2) they are
less susceptible to decomposition by weathering; (3) they
normally are deposited in situ by decomposition of plants
rather than transported by wind; and (4) they may be more
readily identifiable for grass family and genus than pollen
has proven to be.

Verma and Rust (1969, p. 749) discuss the paleo-

climatic utility of phytoliths and conclude that,
1
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Opal phytoliths are released from different
plants (Jones and Milne, 1963; Tyruin, 1937) con-
taining them and are incorporated into the soil
during the decomposition or destruction of .grasses
and forests or sometimes via the dung of animals.
Identification of such opal phytoliths separated

from the soil can be a useful tool in the inter- o

pretation of the past vegetation.

This thesis has three distinct parts dealing with
phytolith analysis: (1) the study of phytoliths from a bog
in north central Washington; (2) the comparison of phyto-
lith analysis with pollen analysis from an archaeological
site; and (3) development and description of laboratory
procedures for isolation and study of phytoliths.

The bog used in the first analysis was Creston Bog.
Since Creston Bog was analyzed earlier for pollen by Hansen
(1944,1947) with published results, the bog is an ideal
location for phytolith recovery and study.

The purpose of the first part of this research was
threefold:

1. To discover if phytoliths were present, and to what
depth. The preservation of phytoliths has been
questioned by many researchers in the field.
Creston Bog, with its volcanic time-stratigraphic
markers, Mazama Ash and Glacial Peak Ash, is an
excellent locality to check for the presence of
phytoliths at a known age (Powers and Wilcox, 1964;
Fryxell, 1965),

2. To record the variety of phytoliths isolated and;

3. To see whether phytoliths vary in type with depth
and stratigraphy. Previous studies have primarily
measured the numbers of phytoliths present in the
soil, rather than exploring stratigraphic differen-
tiation.
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The second part of this study utilized soil samples
from an archaeological site near Colstrip, Montana, excavated
by members of the University of Montana Department of Anthro-
pology. The purpose of this section of the study was also
threefold:

1.. To determine if phytoliths are preserved in a steppe
environment,

2. To compare phytoliths from living plants to those
recovered from the soil in one specific area, and,

3. To compare phytolith analysis with pollen analysis
of an archaeological site.

The main purpose of this thesis, as a whole, was to
explore further the extent to which phytolith analysis may be
useful archaeologically in attempts to reconstruct paleo-

environments.



CHAPTER 1II

REVIEW OF LITERATURE

Previous studies of phytoliths have followed several
lines of investigation: physical and chemical description,
morphology, physiological and environmental significance,
and some aspects of the effect of weathering processes on
6pal. The least known aspects of phytoliths involve their
specific identification and significance, especially environ-
mentally.' The term phytolith has been defined as follows:

The term phytolith, implying the stone part of
a plant, appears to be used only for bodies which
are minute parts of the plants which secrete them.
It is not applied to diatom skeletons where the
~secretion is the full size of the organism. Though
the term might logically be used for any mineral
substance secreted by a plant (e.g., calcium carbon-
ate in Chara), in all the cases dealt with in the
present paper the material is opal, Si03.nH,0

(Smithson, 1958). _—

Physical and Chemical Description

Silicon dioxide (SiO,) can be found in three crystal-
line and one amorphous forms in nature: tridymite,
cristobalite, quartz, and opal. The first two of these
are rare high temperature and/or high pressure forms; they
are of no concern to this problem. The third, quartz, may
be found in both macrocrystalline and crypto-crystalline
forms. It also may combine with water and form the fourth,

amorphous form, opal.
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The following table comparing specific gravity,
refractive index, and water content is taken from Smithson

(1956b) .

Table l.--Comparison of specific gravity, refractive
index, and water content in various siliceous minerals.

Specific Reffiigive Water
Mineral Gravity Content
Index
Quartz . . . . . 2.65 1.55 nil
Chert and flint . 2.62 1.55 trace
Opalinesilica . . 2.15 1.43 up to 10%

Opaline silica occurs in many environments in nature.

According to Seiver (1957), opal occurs as an alteration

product of volcanic ash and as "a deposit from thermal

spring water" (Stevens, 1967). It is also found in diatoms,

sponges, and some plants (opal phytoliths).

Of the amorphous forms, opal phytoliths, presumed
to have formed in living plants, make up the major
portion of this material in the soils of the world.
The names given to the various forms of amorphous
silica change as the degree of hydration of the
Si0,+*nH,0 changes, with silica gel representing the
most highly hydrated and chalcedonite, one of the
least hydrated. Opaline material is considered the
least hydrated form found in plants. Because the
name given to a silica material changes with dehydra-
tion, different researchers refer to opal phytoliths
as different materials (Stevens, 1967).

Opal phytoliths are not pure Sio2
many impurities as shown by chemical analysis in Table 2

compiled by Kanno and Arimura (1958).

-nHZO; they contain
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Table 2.--Impurities found in opal phytoliths

Impurity % Impurity 3
Si0, 84.93 cao 2.04
Al,03 1.12 Na20 3.44
Fe,03 .87 K20 .97
TiOn .00 H20 (=) 1.28
MnO .02 H20{+) 4.93
Mgo .55 P05 .02

The actual nature of silica contained in plants has
been discussed at length by many authors. Lanning (1958)
states that the silica in the culm epidermis of papyrus con-
sists of both quartz and opal. Jones and Handreck (1967)
refuted Lanning's statement by explaining that the "dry"
ashing method used by Lanning caused some of the opal to
become trydymite and cristobalite, the high-temperature
forms of quartz. This conclusion was verified through
experiments conducted by Jones and Milne (unpublished).

Opaline phytoliths contained in plants can be
categorized as: (1) cell lining, (2) filling plant cells,
(3) actual cell wall replacements, (4) mineralized struc-
tures resembling the internal cuticular ribs, (5) mineralized
plant hairs, spines, and hooks, (6) other microscopic bodies
secreted by a plant (Baker, 1959b; Pease, 1967).

There are contrasting views on the utility of opal

contained in plants. According to Richardson (1920):
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There can be no doubt that plants acquired the
silica habit early in their evolutionary history and
it may be found to function physiologically, osmoti-
cally, or structurally. It is difficult to think of
an active surviving plant organism absorbing and
storing up such a substance, which has and can have
no real and positive use in its life cycle.

Other writers have agreed with Richardson and have
conducted further research into the possible usefulness of
silica structures in plants. Iler (1955), especially, reports
that Raleigh, Okawa, and Lipman all consider silica important
in plant growth.

Lundie (1913), German (1934), Wagner (1940),
and Yosli (1941), as reported by Iler (1955) demon-
strated that the deposition of silica in the
epidermis of plants increases their resistance to
such fungus diseases as rust, mildew, and rice-
blasts. The structural support, created by the
deposition of silica, has been shown in many plants,
such as scouring rush.

Because no specific essential function for silica
has been found in plants containing large amounts of
silica, many researchers, like Iler, are following
the idea expressed by Frey-Wyssling (1930). Frey-
Wyssling believed that the secretion of silica in
plants was merely a separation of non-assimilable
material taken in with the transpiration stream.
Frey-Wyssling pointed out that in most plants,
silica is deposited in peripheral tissues and along
conducting vessels similar to the separation of
calcium salts in some plants. This can be con-
sidered as increasing evidence supporting the
assumption that silica is deposited as a surplus
from transpiration. This deposition in peripheral
tissues also helps explain the highly silicified
elements of plant structure, such as the stinging
hairs of nettles (Stevens, 1967},

According to Parry and Smithson (1958), Esau says
the bulliforn cells in grass have the function of unrolling
leaves during development, and hygroscopic opening and

closing of mature leaves. Parry and Smithson also think
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these deposits would upset the plants' hygroscopic and
water storage functions and cause dessication of the leaf.
A general theory for the utility of silica in plants thus
has not been generally accepted.

Phytolithic silica was identified as opal SiO,-nH30
by its index of refraction and isotropic character (Parry
and Smithson, 1957; Smithson, 1958). Jones and Milne (1963)
identify the index of refraction as ranging from 1.42 to 1.44
and the specific gravity as 2.04. More variation has been
observed, however, in the index of refraction and specific
gravity than this, as shown by Jones and Beavers (1963);
refractive index ranges from 1.41 to 1.465, and specific
gravity from 1.50 to 2.30. Kanno and Arimura (1958) and
Brydon (1963) found similar results for specific gravity as
well as for index of refraction. Jones et al. (1966) con-
firmed by X-ray that phytolithic silica was amorphous
(i.e., not crystalline and thus not quartz). Phytoliths
vary in size from 2 to 1,000 microns, most occurring between

20 to 200 microns.

Morphological Studies

The morphology of phytoliths has been studied inter-
mittently since Ehrenberg's (1845,1847) classification of
ten genera and 90 species of phytolitheria. Folger et al.
(1967) continued this classification by listing two additional

genera and eight species.
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In 1969, Twiss, Suess, and Smith, seeking to treat
phytoliths not as independent biologic entities but rather
as specific plant parts, developed four classes and related
three of these to grass subfamilies. In refining that study,
Lutwick (personal communication) has made a preliminary
identification of phytoliths distinctive of one particular
genus of Gramineae with subdivisions representing six species.

Parry and Smithson (1964) have described phytoliths
from living plants and related them to different areas found
in the plant, and note that phytoliths may wvary in plants
of the same species. In 1957 they discussed the possibility
that phytoliths can be misinterpreted owing to improper
laboratory or preparation methods. Pease (1967) described and

illustrated phytoliths from root tissues of Bouteloua eriopoda,

black grama. He described them as being rectangular in shape.
It will later be illustrated in this paper that these phytoliths
are indistinguishable from some discovered in sediments of
Creston Bog. Black grama is not presently found in Washington;
the rectangular shape, furtheremore, is not diagnostic of this
plant (see Chapter VIII). Other complications are illustrated
by studies of woody plants. Garber (1966), for example, pro-
cessed many wood species of plants from nothern Idaho and
discovered phytoliths in only Douglas-fir and western larch.

It may be that he used the non-accreting portions of the
plants, since Pease (1967) found phytoliths in wvarious trees,

such as ponderosa pine, pinyon pine, and juniper.
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Phytoliths as Interpretative Devices

The utility of phytoliths as interpretative devices
is best summed up by Dormaar and Lutwick (1968) when they say:

Those (phytoliths) deposited in the leaf epidermal

cells assume shapes characteristic of the grass in
which they are found. These opal phytoliths, when
found in soils, can be used as indicators of the
vegetative history of the site (p. 29-30).

Many soil scientists have recovered phytoliths from
various soil types; Pease (1967) used them in an attempt to
distinguish A horizons in paleosols, and Garber (1966) found
a correlation between phytoliths and spodosols. Lutwich and
Johnson (1968) and Dormaar and Lutwick (1968) have used the
presence of various grass phytoliths to delineate grassland
movements in transitional areas. Witty and Knox (1964) use
phytoliths similarly in north central Oregon, &8s did Verma and
Rust (1969) in southeastern Minnesota. They have also identi-
fied some of the phytoliths as to various species of plants
now growing in the area. Jones and Beavers (1963) discuss the
distribution of phytoliths with depth in some Illinois soils
and conclude that the variations are mainly due to the time
gradient in the deposition of the loess.

Rovner (1971) most recently morphologically studied
phytoliths from 30 live plant specimens and typed 16. He

recorded differences in the phytoliths from a few major plant

groups, but made no further interpretations.
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Stability of Opal Phytoliths
in Soil Environments

Opinion differs regarding the stability of phytoliths
in soils. Gill (1967) called attention to this diversity of
opinion, pointing out that Baker believed that phytoliths
usually last less than a 1,000 years, and Wilding (1967)
stating he has a date of 13,000+450 years. .Gill himself
noted preservation of fossil phytoliths in sediments of
Tertiary and Quaternary ages.

It seems evident that phytoliths may indeed persist for
13,000 years as suggested by Wilding, or even longer perhaps,
if they have been preserved by a reducing environment, such as

at Creston Bog.



CHAPTER III

METHOD

Techniques for the extraction and concentration of
phytoliths from soil, peat, and/or fresh samples have been
the subject of numerous investigations. Both "wet" and
"dry" ashing techniques have been developed for extraction.

"'Wet' ashing involves digesting the plant material
with mixtures of either sulfuric and chromic acids or nitric
and perchloric acids.” Following this procedure the material
should be washed "successively with hydrochloric acid and
distilled water" (Jones and Handreck, 1967, p. 125).

The "wet" ashing method is preferred to "dry" ashing
(which involves igniting the plant materials at temperatures
between 450 and 900°C) because the latter tends to change
the opal to cristobalite and tridymite and also fuses many
of the phytoliths. Unfortunately, many investigators have
continued to use the "dry" ashing technique regardless of
its disadvantages. Incorrect physical and morphological
interpretations of the opaline silica bodies may thus have
resulted unnoticed.

Methods for extraction of phytoliths described
below are modifications of those discussed by Moody (1971}
and Rovner (1971). Figure 1 is a flowsheet showing these

methods.
12
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Extraction from Soil

Pease (1967) and others have used mesh screens for
extraction of phytoliths from the clay and silt fraction of
soil. This method was found unsatisfactory because larger
phytoliths are lost in the coarse fraction. Consequently,
heavy density separation was used in this study and found to
be more effective.

Experimentation with many different heavy density
liquids was performed, resulting in the use of zinc bromide,
or bromoform--somewhat less efficiently. In peat samples
it was discovered also that the plant and other organic
material should be removed prior to heavy density separa-
tion if a complete assemblage of phytoliths is to be obtained.

The extraction method for soil samples containing
little organic matter is:

1. Place approximately 25 ml of soil material in a
beaker with calgon; mix well.

2. Rinse thoroughly with distilled water.

3. Add 10% HCl. Mix to make certain that HCl comes
into contact with all phytoliths which may be
cemented together with carbonates. The suspension
may be heated to accelerate the process.

4, Rinse thoroughly with distilled water.

5. Mix so0il and water until a vortex forms.

6. Let particles settle to the bottom until only clay
remains floating, following Stokes law and formula
of sedimentation (Krumbien and Pettijohn, 1938).

7. Decant clays (check to see whether phytoliths are
discarding accidentally).
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8. Stir rapidly again forming a vortex and pour
immediately into another container, separating
the finer fractions from the sand.

9. Transfer the decanted silt and phytolith material
to a 15 ml centrifuge tube (preferably glass).

10. Rinse, centrifuge, and decant material.
1l. Add acetone for a drying agent. Mix thoroughly.
12. Centrifuge, decant.

13. Let sample sit undisturbed until most of acetone
is evaporated.

14. Add heavy density ligquid, and agitate completely.
Prepare the zinc bromide by dissolving the crystals
in water until the mixture has a density of about
2.3 (determined by weight). If a heavy liquid
density hydrometer is available, make the solution a
little heavier than 2.3 to account for the small
amount of acetone that will be present. If no
hydrometer is available, make the solution to about
2.4. Determine the exact weight by weighing it.
Then, dilute the mixture with water until it reaches a
specific gravity of 2.3. The amount of water needed
can be determined by the formula:

Z(Sp-2) + Hy0 = 2.3 (Z + H0)

where 72 = amount in ml of zinc bromide and water,

Sp+Z = specific gravity of above liquid,
H20 = amount of ml of water,

Sp+Hy0 = specific gravity of water, and
2.3 = specific gravity needed in final form.

The only unknown in the above formula is the amount
of water needed, so one needs only to solve for

Hy0. Add this amount of water to the liquid already
made and the result will be a mixture of zinc bromide
and water with specific gravity of 2.3.

15. Spin sample in centrifuge for 20 to 30 minutes.
16. Decant into 50 ml centrifuge tube (preferably poly-

propylene), and dilute with distilled water and
rapid fix to clean out bromides.



17.

18.

19.

20.

21.

15

Centrifuge, decant. Repeat steps 16 and 17 until
bromides are no longer present.

Rinse, centrifuge, decant until the sample is clean.

If sample contains organic material, transfer it to a
15 ml centrifuge tube and add the chromic-sulfuric
acid solution.

Rinse, centrifuge, and decant until sample is clean.
(The wash by centrifuging is accomplished in 3 minutes
at 2,000 rpm).

Wash with different strengths of ethyl alcohol or
acetone, depending on type of oil used for mounting.

Extraction from Plant Samples

The following procedure for removal and isolation of

phytoliths from plant samples is adapted from the procedures

of Moody (1971) and Rovner (1971):

On fresh plant materials, wash either whole or shredded
samples with detergents and HCl successively to remove
any extraneous materials,

Rinse with distilled water thoroughly.

Prepare sulfuric-chromic acid solution by adding

800 cc of concentrated sulfuric acid to 500 cc of

a saturated solution of potassium dichromate and
water. (If the potassium dichromate is super-
saturated, crystals will form; they do not interfere
with the rest of the reactions.)

Add about 10 ml of acid mixture to sample, stir with
glass rod and agitate. Heat tubes for 2-4 hours
under exhaust hood. In samples of peat or muck,

the sample may be left in the solution overnight. The
acid will turn green when the reaction is completed.

Centrifuge and decant liquid into large beaker of
water. If organic material is still present, do not
decant; instead remove by pipetting the middle por-
tion of acid, add fresh acid, and repeat steps 4 and
5.
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Wash with distilled water, centrifuge, and decant;
repeat as necessary for removal of all the acid.

For fresh plant samples, use step 21 of Extraction
Technique for Soil Samples.

Sample is ready for slide mounting in oil, Canada
Fir Balsam or Thermoplastic Transparent Cement.

In transmission electron microscope work, the phyto-

liths are best observed if left in distilled water.

Extraction from Peat

Extraction of phytoliths from peat (Moody, 1971) has

been accomplished successfully with the following procedure:

1.

Place 2 grams of peat in small (15 ml) centrifuge tubes
with dilute HCl. This must be agitated to make certain
the HCl comes into contact with all phytoliths that may
be cemented together with carbonates. The tubes may be
heated slightly to accelerate the process.

Centrifuge for three to five minutes; decant off liquid.
Repeat steps 1 and 2, if necessary.

Rinse thoroughly with water; agitate, centrifuge, and
decant liquid at least three times, or more, if neces-
sary.

Follow steps 4 to 6 of the fresh plant phytolith
extraction method.

Water should be removed from the sample so that the
heavy density separation will work. This may be done
by evaporating slowly, by allowing it to dry overnight,
or by using acetone.

Add about 10 ml of zinc bromide solution to the dried
samples, agitate, centrifuge for at least 10 minutes
(some samples take longer).

Pipette the phytoliths from the top of the mixture and
place in clean centrifuge tube.

Dilute with water, agitate, centrifuge, and decant off
liquid.



10.

17

Wash thoroughly with water, agitating, centrifuging,
and decanting.

Wash a minimum of three times with increasing
strengths of ethyl alcohol or constant full strength
acetone, depending on type of 0il used for mounting.
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APPENDIX I

DESCRIPTION OF A STRATIGRAPHIC SECTION AT SITE

24RB1012, COLT 45 SHELTER

Horizon Depth below

Designation Surface(ft.) Horizon Description
02 +1/8 - 0 Manure
All 0 - 1-1/2 Yellowish brown (10YR5/4 dry,

10YR3/4 moist) loamy sand; moderate,
thin platy structure breaking to
very fine to fine granular struc-
ture; weakly coherent when dry,
slightly sticky and nonplastic when
wet; very slightly effervescent in
dilute HCl; very abrupt, smooth
boundary; average thickness 1/2
inches (1/2 - 1-1/2 inches). Other
observations: horizon is separated
from horizon below by difference in
structural grade and class, and by
increased amount of carbonate present
downward.

Al2 1-1/2 - 2-3/4 Yellowish brown (10YR5/4 dry, 10YR-
4/4 moist) loamy sand; moderately
strong, medium platy; slightly hard
when dry, slightly sticky, non-
plastic when wet; slightly efferves-
cent in dilute HCl; abrupt smooth
boundary; average thickness 1-3/8
inches (1-1/4 - 1-1/2 inches).
Other observations: horizon has
noticeably more carbonate than the
previous horizon but much less than
the following one; a few pieces of
charcoal are present.

TIA3ca 2-3/4 - 5-1/2 Light yellowish brown (10YR6/4 dry,
10YR4/4 moist) sand; moderate, very
fine angular blocky; weakly co-
herent when dry, nonsticky, non-
plastic when wet; violently
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ngizon Depth below
Designation Surface(ft.) Horizon Description

effervescent in dilute HCl; abrupt
smooth boundary; average thickness
7/8 inches (1 - 2-3/4 inches).

Other observations: horizon has
many fine particles of white carbon-
ate, and many black flakes of
charcoal.

IIB21 5-1/2 - 11 Pale brown (l0YR6/3 dry, 10YR4/3
moist) loamy sand; dark strong medium
columnar structure breaking to strong
scoarse blocky; hard when dry,
slightly sticky, slightly plastic
when wet; violently effervescent in
dilute HCl; irregular, clear, bound-
ary; average thickness 5 inches (4 -
6 inches). Other observations:
distinct white particles present
above are absent in this horizon;
very little charcoal is present but
stone flakes are interspersed through
the horizon.

IIB22 11 - 17 Pale brown (l0YR6/3 dry, 1l0YR4/3
moist) matrix with grayish brown
(10YR5/2 dry, 1l0YR4/2 moist) mottles
loamy sand; common medium mottles;
moderate, fine to medium, angular to
subangular blocky; slightly hard
when dry, slightly sticky, non-
plastic matrix with slightly sticky
slightly plastic mottles when wet;
irregular, clear boundary, vio-
lently effervescent in dilute HCl.
Average thickness 5 inches (4 - 6
inches). Other observations: large
pieces of charcoal are present, main-
ly in mottled areas; increased
plasticity in mottled areas seems
due to humus.

IIB23 17 - 21-1/4 Light brownish gray (l10YR6/2 dry,
10YR4/2 moist) matrix with grayish
brown (l0Y¥YR5/2 dry, 10YR4/2 moist)
mottles; loamy sand; weak, fine
angular blocky breaking to fine
granular, weakly coherent when dry;
slightly sticky, nonplastic when
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Horizon Depth below
Description Surface(ft.) Horizon Description

wet; violently effervescent in
dilute HCl; irregular gradual
boundary; average thickness 2-1/8
inches (variation: 2 - 4-1/4
inches). Other observations:
horizon is distinguished from that
above mainly by structural grade
and class; some charcoal present,
but less than in preceding horizon.

IIB3 21-1/4 - 24 Pale brown (1l0YR6/3 dry, 10YR4/3
moist) loamy fine sand; weak, thin
platy structure; weakly coherent
when dry, slightly sticky, non-
plastic when wet; violently effer-
vescent; clear, wavy boundary:;
average thickness 2-1/4 inches
(1-3/4 - 2-3/4 inches).

IIC 24 - Depth Yellowish brown (10YR5/4 dry,
undetermined 10YR4/4 moist) loamy sand; weak

very fine blocky breaking to
moderate, very fine and fine
granular; noncoherent when dry,
slightly sticky, slightly plastic
when wet; violently effervescent
in dilute HC1.

Many general observations about this stratigraphic
section are noted.

For example, the violent effervescent in dilute HCl is
due, at least in part, to the calcareous composition of the
surrounding sandstone bedrock. Consequently, the symbol "ca"
was not used except for the one horizon which has an accumula-
tion of white carbonate particles. The rest of the carbonate
reaction is considered to be natural for the type of parent
material present.

The delineation of separate parent materials is based

on two factors:
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1. The upper two horizons (All, Al2) have much less
carbonate material present;

2. The addition of domestic grazing animals to the area
has added more organic matter to the sand.

Another way of handling this problem would be to add a
"p" to the levels (Allp, Al2p) and dispense with II. The
other method is used because it is felt that there is a
significant difference in the materials.

It becomes obvious upon inspection of the monolith
that nearly all horizons were an Al at one time, and that
humic material and charcoal present are not due to the
illuviation/eluviation process but are actually artifacts -
"in situ." For this reason, the letter "h" was not used with
the horizon designation.

Since the site was in the process of excavation, this
monolith does not extend to the bottom of the site; it includes

only the upper 27 inches.



APPENDIX II

DESCRIPTION OF SEDIMENT SAMPLES FROM

24RB1012,COLT 45 SHELTER

Sample 1 l - 1-1/2 inches below surface; dark yellowish
brown (10YR4/4 dry, 1l0YR3/4 moist) loamy sand;
slightly sticky, nonplastic when wet; very
slightly effervescent in dilute HCl; pH = 8.22.

Sample 2 1-1/2 - 2-1/2 inches below surface; yellowish
brown (10YR5/4 dry, 1l0YR4/4 moist) loamy sand;
slightly sticky, nonplastic when wet; slightly
effervescent in dilute HCl; pH = 8.14.

Sample 3 Small lense between 1-1/2 - 2-1/2 inches depth;
light yellowish brown (10YR6/4 dry, 10YR4/4 moist)
loamy sand; slightly sticky, nonplastic when wet;
slightly effervescent in dilute HCl; pH = 8.27,.

Sample 4 2-1/2 = 4-1/2 inches below surface; light yellowish
brown (10YR6/4 dry, 1l0YR4/3 moist) sand; slightly
sticky, nonplastic when wet; slightly effervescent
in dilute HCl; pH = 8.16.

Sample 5 4-1/2 = 5-1/2 inches below surface; light yellow-
ish brown (10YR6/4 dry, 1l0YR5/4 moist) loamy sand,
sticky, slightly plastic when wet; slightly
effervescent in dilute HCl; pH = 8.24.

Sample 6 5-1/2 - 7 inches below surface; pale brown (1l0YR
6/3 dry, 1l0YR4/4 moist) loamy sand; sticky,
slightly plastic when wet; effervescent in dilute
HCl; pH = 8.2.

Sample 7 7 = 9-1/2 inches below surface; pale brown (10YR
6/3 dry, 10YR4/3 moist) loamy sand; sticky, plastic
when wet; effervescent in dilute HCl; pH = 8.45,

Sample 8 9-1/2 - 9-3/4 inches below surface; from sand-
stone block; very pale brown (10YR7/4 dry, 2.5YR
4/4 moist); slightly sticky, slightly plastic when
wet; effervescent in dilute HCl; pH = 8.,33.
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9-3/4 - 10-1/2 inches below surface; pale brown
(L0YR6/3 dry, 10YR3/4 moist) loamy sand; slightly
sticky, slightly plastic when wet; effervescent
in dilute HCl; pH = 8.4.

10-1/2 - 12-1/2 inches below surface; light
vellowish brown (l10YR6/4 dry, 10YR4/4 moist)
loamy sand; slightly sticky, slightly plastic
when wet; charcoal present; highly effervescent
in dilute HCl; pH = 8.49.

12-1/2 - 14-1/2 inches below surface; brown
(LOYR5/3 dry, 1l0YR3/3 moist) loamy sand; slightly
sticky, very slightly plastic when wet; charcoal
present; effervescent in dilute HCl; pH = 8.4.

14-1/2 - 21-1/2 inches below surface; pale brown
(10YR6/3 dry, 10YR3/3 moist) loamy sand; slightly
sticky, slightly plastic when wet; charcoal
present; highly effervescent; pH = 8.52.

21-1/2 - 25 inches below surface; grayish brown
10YR5/2 dry, 10YR3/3 moist) loamy sand; Slightly
sticky, slightly plastic when wet; charcoal
present; highly effervescent in dilute HCl; pH =
8.7.



