University of Tennessee, Knoxville
aa UNIVERSITY o

TENNESSEE TRACE: Tennessee Research and Creative
KNORVILLE Exchange
Masters Theses Graduate School

5-2005

Morphological, textual, geochemical, and mineralogical properties
of dolostone-derived residuum in Knox County, Tennessee

Bryan Scott Schultz

Follow this and additional works at: https://trace.tennessee.edu/utk_gradthes

Recommended Citation

Schultz, Bryan Scott, "Morphological, textual, geochemical, and mineralogical properties of dolostone-
derived residuum in Knox County, Tennessee. " Master's Thesis, University of Tennessee, 2005.
https://trace.tennessee.edu/utk_gradthes/9360

This Thesis is brought to you for free and open access by the Graduate School at TRACE: Tennessee Research and
Creative Exchange. It has been accepted for inclusion in Masters Theses by an authorized administrator of TRACE:
Tennessee Research and Creative Exchange. For more information, please contact trace@utk.edu.


https://trace.tennessee.edu/
https://trace.tennessee.edu/
https://trace.tennessee.edu/utk_gradthes
https://trace.tennessee.edu/utk-grad
https://trace.tennessee.edu/utk_gradthes?utm_source=trace.tennessee.edu%2Futk_gradthes%2F9360&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:trace@utk.edu

To the Graduate Council:

| am submitting herewith a thesis written by Bryan Scott Schultz entitled "Morphological, textual,
geochemical, and mineralogical properties of dolostone-derived residuum in Knox County,
Tennessee." | have examined the final electronic copy of this thesis for form and content and
recommend that it be accepted in partial fulfillment of the requirements for the degree of
Master of Science, with a major in Geology.

Steven Driese, Larry McKay, Major Professor
We have read this thesis and recommend its acceptance:

Edmund Perfect

Accepted for the Council:
Carolyn R. Hodges

Vice Provost and Dean of the Graduate School

(Original signatures are on file with official student records.)



To the Graduate Council:

We are submitting herewith a thesis written by Bryan Scott Schultz entitled
“Morphological, Textural, Geochemical, and Mineralogical Properties of Dolostone-
Derived Residuum in Knox County, Tennessee.” We have examined the final paper
copy of this thesis for form and content and recommend that it be accepted in partial
fulfillment of the requirements for the degree of Master of Science, with a major in

Geology. Lﬁw’v /% %M%

Steven Driese, Major Professor

Ko e

Larry McKay, MajHrofessor

I have read this thesis
and recommend its acceptance:

- @:‘ \ "

Edmund Perf&c ] | Q

Accepted for the Council:

c;\mK/

Vice Chancclloréré(;dg
Dean of Graduate 1€S




“Thesis

7005
.S3¢



Morphological, Textural, Geochemical, and Mineralogical Properties of Dolostone-
Derived Residuum in Knox County, Tennessee

¥

A Thesis Presented for the
Master of Science Degree

The University of Tennessee, Knoxville

Bryan Scott Schultz

May 2005



ACKNOWLEDGMENTS

First and foremost, I would like to extend my appreciation to my co-advisors, Drs.
Steven Driese and Larry McKay, for their collaboration and establishment of inter-
disciplinary research within the geosciences. Their guidance, feedback, encouragement
and friendship throughout this project have made for a most memorable and positive
experience at the University of Tennessee. I also thank my committee member, Dr. Ed
Perfect, for his advice and sharing of facilities. Others deserving of recognition include
Nathan Hartgrove at the N.R.C.S. for his help in locating a suitable study site, Dr.
Jaehoon Lee from Biosystems Engineering for his assistance and input, Dr. Linda Kah
for her continued friendship, input, and use of facilities, Bill Dean for assistance with
running samples for XRF analysis, Jeremy Bennett for assistance in drill-core retrieval
and field site reconnaissance, and Eric Ober for his willingness to help, whatever the task.
Special thanks go to the Strong Farm property owners Martha Kern and John Nicely for
their kindness, patience and support of scientific endeavors.

This project was supported by facilities and equipment within the University of
Tennessee Department of Earth and Planetary Sciences. Additional financial aid was
provided by Drs. Larry McKay and Steven Driese and a grant from the Geological
Society of America. Additional funding was provided by the UT Center for
Environmental Biotechnology and the UT Waste Management Research and Education
Institute.

Family and friends also played a vital part in this project, and on many occasions
helped to maintain my sanity during the more stressful times. Thanks to Rob “Hoytoe-
Sauce” Vollbeer, Jimbo-Jangles, Mikey Katos, Kenstangers, Matty-G, Laine and the

ii



Rhythm King for your friendship and tolerance to the many nicknames you all may have
acquired to this pgint. Thanks (to Dr. Colin Sumrall for his assistance, conversation, and
dinnertime get-tdgethers. Special thanks goes to my sister, Kristen, for whose infinite
support, wisdom and friendship I will forever be in debt. Most importantly I would like
to thank my mother and father, Gerri and Bruce, for sparking, nurturing, and sharing all

things wonderful.

iii



: ABSTRACT

This research concerns the weathering of carbonate bedrock and subsequent
genesis and properties of carbonate-derived residuum in Knox County, Tennessee. The
carbonate-derived residuum evaluated in this study is classified as an Ultisol, and
comprises up to 11 m of regolith overlying Mascot Fm. dolostone bedrock within the
Valley and Ridge Province of East Tennessee. Morphological, textural, geochemical,
and mineralogical analyses were performed on entire soil profiles and subjacent bedrock
from core samples retrieved from 7 boreholes. Findings of this research reveal that the
regolith is derived primarily from extensive weathering of the parent bedrock, but with
evidence of substantial reworking of materials by flowing water, slope movement and
pedogenesis, and possible inputs of material from other sources that include the overlying
bedrock (Chickamauga Group). The occurrence of at least one paleosol found near the
base of borehole 1 further supports this assertion. Based upon data that include mass-
balance calculations for strain (volume change), translocations of clay-constituent
elements (relative to TiO,), as well as physical characteristics of underlying Mascot Fm.
bedrock that includes percentages of insoluble residues and estimated thickness of the
bedrock at the study site, it is apparent that the Mascot Dolomite is a primary parent
material for these soils. However, much clay has been introduced and translocated
during soil genesis, and can only be accounted for by the addition of materials from
outside (and stratigraphically overlying) sources in conjunction with the weathering of
extensive thickness of dolostone bedrock. A multi-stage, 2-D conceptual model has been
proposed to account for long-term Ultisol maturation within a dynamic geomorphic
surface. Boundaries between genetic units within the soil residuum and overlying
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colluvium have been homogenized by advanced Ultisol pedogenesis, however, they are
still detectable upon close inspection. Furthermore, results suggest that pore structure
and macroporosity occlusion is most dependent on illuviation of pedogenic clays and
precipitation of rgineral precipitates, which commonly extend from 2 m depth down to

the bedrock contact.
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* 1.0 INTRODUCTION -

This resea;ch concerns the weathering of carbonate bedrock and subsequent
development of pilysical and chemical properties of the carbonate-derived residuum.
Traditionally, two major soil groups develop on carbonate-derived residuum: dark
Rendzina-like soils, which are typically found in areas with relatively shallow depths to
bedrock, and Terra Rossa-like soils which are characterized by red and yellow colors in
the B horizons and commonly extend to depths exceeding several meters. The Terra-
Rossa-like soils are common in the southern portions of the United States, including large
areas in Tennessee, Kentucky, Virginia, and Missouri (Soil Survey Staff, 1994). Many of
these soils are classified as Ultisols or Alfisols and are among the deepest and most clay-
rich soils in the southeastern U.S. (Miller, 1972; Moneymaker, 1973). The carbonate-
derived residuum: evaluated in this study is typical of Terra-Rossa-like soils, and
comprises up to 11 m of regolith overlying dolostone bedrock within the Valley and
Ridge Province of East Tennessee.

The soil type present at the field site is classified at the order level as an Ultisol.
In general, pedologists define Ultisols as mineral soils of temperate to tropical regions
having a well-developed argillic horizon and low base saturation (FitzPatrick, 1983;
Fanning and Fanning, 1989). Additional characteristics of Ultisols include geologically
old landscapes and parent materials having developed in moisture regimes where
precipitation exceeds potential evaporation during a portion of most years (Buol et al.,
1997). The maturity of Ultisols often leads to extensive horizonization (A, B, B/C, and

C) of the weathered material.



Studies have shown that so1l formation and properties are closely related to their
parent materials (Retallack, 2001). For most siliciclastic rocks, a transitional phase of
soil development involves the formation of saprolite (Cr horizon). In general, saprolite is
defined as rotten, friable, isovolumetrically weathered bedrock, having characteristics of
both soil and rock. Saprolite has been found to retain original structure and sedimentary
layering, while also containing soil features such as high matrix porosity, translocation or
illuviation of clays, precipitation of Fe/Mn oxides, and bioturbation (Becker, 1895;
Hatcher et al., 1992; Stolt and Baker, 1994; Smith, 2001; Driese et al., 2001). This
differs markedly when compared to carbonate rock weathering, whereby insufficient
quantities of insoluble residues are present for weathering processes to form saprolite.
Instead, weathered material adjacent to carbonate bedrock is generally of two forms:
discontinous thinly banded (< 1.5 cm) zones in the lowermost 1-2 m of residuum that
somewhat resemble sedimentary relict bedding, or silty clay zones with no presence of
banded material or relict bedding (Miller, 1972).

Genesis of Ultisols has been the subject of much debate. One view on Ultisol
genesis suggests that they result from podzolization, which involves extensive acidic
leaching, destruction of clay and additions of Fe-oxide and oxyhydroxide precipitates.
Lessivage, or the downward translocation of clay-size particles derived from weatherable
minerals in A and E horizons, is capable of producing argillic horizons (Bt) necessary for
Ultisol development (Buol et al., 1997). Simonson (1949) argued that lessivage
processes alone do not provide adequate explanations for horizon differentiation, and
described Ultisol genesis in terms of clay mineral formation and destruction. The

primary basis for his argument concerns the insufficient thickness of clay-poor A horizon
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material needed for development of clay-rich Bt horizons that dominate the soil profile.
Furthermore, Simonson (1949) concluded that the dominant processes involved 1n soil
development are the formation of silicate clay minerals from insoluble residues near the
zone of rock disintegration, and hydrolysis-driven destruction of clay minerals in the
upper horizons. A contradictory interpretation involves the alterations of minerals in-situ
within the C horizon and throughout the solum, which is responsible for the majority of
the total clay mineral content (McCaleb, 1959). Ballagh and Runge (1970) agree that in
many cases the thickening of argillic horizons is due to illuviation of clays. However,
they suggested that the source of the illuviated clays must be derived from parent
materials other than the underlying carbonate bedrock. Their conclusion is based upon
differences in clay mineralogy and clay size-fractions in both the limestone rock and
overlying residuum.

Studies concerning the properties of carbonate-derived residuum provide
information pertaining to soil morphology, texture, chemistry, and clay mineralogy.
Unfortunately, the majority of research investigating Ultisol residuum properties is
limited to the upper 2 m of the solum, and few studies include the subjacent carbonate
bedrock. For example, Alexander et al. (1939) evaluated 10 soils developed from
limestones in various southeastern states (as well as Pennsylvania and Maryland). Their
research revealed an increase 1n clay and Fe;O3 with increasing depths (down to 2 m
depth). In most profiles, the B horizon exhibit alumina ratios ranging from 1.88 to 2.43.
Alexander et al. (1939) estimated the depth to bedrock in most places to be
approximately 8 m. Morgan and Obenshain (1942) collected chemical data for 3 soils
(Hagerstown, Clarksville, and Pisgah) developed from limestone and dolostone in
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Virginia. Mass-balance measurements calculated for the parent rock and residuum
samples indicate net losses of TiO,, Fe;O3 and Al,0s in the majority of the soil horizons.
They also noted that the Hagerstown residuum contained up to 75% clay between 1-1.5
m depth.

Pearson and Ensminger (1949) documented the types of clay minerals present in
the uppermost 1.2 m of limestone residuum classified as Decatur series in northeastern
Alabama. Their results indicated that kaolinite was the dominant clay mineral, with
lesser quantities of illite present in the clay fraction. In addition, they found that the
percentages of kaolinite increased with depth, which was inversely correlated to the
amount of quartz present at the same depths. Additional research concerning residuum
properties of the uppermost 2 m of apparently carbonate-parented s.oils support the
aforementioned findings, which indicate an increase in both overall clay and kaolinitic
clay content, and in Fe-oxides concentrations with increasing depths (Simonson, 1949;
Jeffries et al., 1953; Brydon and Marshall, 1958; Nash, 1963; Mubiru, 1994). Although
rare, Ultisol studies that included carbonate bedrock samples revealed that the majority of
the insoluble residues consist of significant amounts of illite and lesser quantities of HIV
and kaolinite (Miller, 1971; Plaster and Sherwood, 1971).

Based upon previous literature, general characteristics of carbonate-derived soil
residuum include low pH and base saturation, intense leaching, varying concentrations
and types of clay minerals present throughout the solum and bedrock, and potential for
significant soil thickness. Despite the widespread occurrence of these soils throughout
the southeastern United States literature on the thickness and residuum properties at
significant depths is scarce, as well as on relationships between the residuum and

4




underlying carbonate rock. This deficiency is due, in part, to geologists typically
ignoring residuum in their studies, and the majority of soils research being limited to <2
m depth and rareiy including the subjacent bedrock. Some of the major questions
concerning carbonate soil development include the following: Does sufficient insoluble
residue exist within the parent material (carbonate bedrock) to account for the thickness
of overlying clay-rich residuum (if formed in-situ)? If not, are these soils polygenetic
accumulations of residua derived from various parent materials? Do soil structure,
texture, morphology, etc. reveal similar trends/properties at significant depths? Are there
any features suggesting colluvial and/or alluvial additions to the soil profiles? If so, has
the substantial maturation of these soils resulted in alteration and later homogenization of
these materials, thereby complicating the ability to accurately identify their origin? Does
slope position and proximity to prominent sinkholes affect the overall thickness and
distribution of pedogenic clay?

The intent of this study is to gain information pertaining to these questions by
evaluating and comparing the morphological, textural, geochemical, and mineralogical
properties of dolostone-derived residuum and parent material. Two hypotheses for the
origin of these Terra Rossa-like Ultisols, which are to be tested in this study are (Fig. 1):

1) The soils formed in-situ as simple residuum from carbonate bedrock,
weathering from the top down.

2) The soils are polygenetic in origin, and formed from both carbonate-derived
residuum as well as from overlying non-carbonate stratigraphic units and
repeated inputs of colluvial- and/or alluvially-derived materials that weathered
on a dynamic geomorphic surface.



Hypothesis 1: "In-situ'" Hypothesis 2: "Polygenetic"
MMM W NSy WY W YV NN I WINY, WY WY ¥

Residual soil Colluvium .
developed =
k| [ _Colmmaoion

Buried residual soil

NN N N N NN N NN
DN N N N NN e N N N N NN
NN N NN NN NN N

Figure 1: Conceptual model showing two possible modes of so1l development.
Hypothesis 1) In-situ clay formation and accumulation on dolostone parent material, and
2) Polygenetic assemblage rep;esenting multiple soils and inputs.

Corollary hypotheses for this study suggest that infilling of pedogenic clay and mineral
precipitates in the subsurface along macropore walls, ped faces and fractures are
extensive, and serve as a major control on macropore structure and size in areas with soils
underlain by carbonate bedrock. Furthermore, the percentage of clay is expected to
gradually increase with depth due to the illuviation of clay within the subsurface.

The principal objectives of this study are to document the overall weathering transition of
dolostone bedrock to residuum from the measurement of physical and chemical

properties of an entire profile of resitduum and soil developed on dolostone bedrock, and



to compare these properties to the conceptual models for genesis of carbonate-derived
residuum and soi%s (Mascot Dolomite; Lower Ordovician). Evidence of a polygenetic
origin for this residuum should include identifiable paleosols and colluvial/alluvial
deposits, as well as micromorphological indicators of reworking of materials, such as
clay papules, muitiple zones of formation and deposition of pedogenic clay. Additional
evidence for polygenetic assemblage may include geochemical discontinuities within the

residuum profile indicative of exposure and/or deposition of materials not locally derived.



2.0 LOCATION AND PEDOLOGICAL / GEOLOGICAL SETTING

This study analyzed the residuum derived from the Mascot and Kingsport
Dolomite (Lower Ordovician) at the Strong Farm site, in northeastern Knox County,
Tennessee (Fig. 2). The site is approximately 9 km northeast of the junction of I-40 and
Rutledge Pike (US-11W), and occurs on well-drained and clay-rich Ultisols within the
humid and sul;-tropical climate of the southeastern U.S., where optimal weathering and
thickness of soil profile development occurs. The land cover is mostly pasture with a
mixture of grasses and shrubs, but would have been dominated by hardwoods prior 'to
European settlement. Wooded areas consisting of pines and hardwoods also occur in
relatively clgse proximity to the study sites. Much of the site is dominated by karst
topography and local drainages that empty into the nearby Holston River (Fig. 3). The
soils (i.e., borehole locations) were sampled at the previously mentioned geomorphic
positions (ridge top, toe of slope, etc.). The landscape consists of deforested, moderately
(5 to 12%) dipping slopes near the coordinates N 36°03°02” latitude and W 83°47°13”
longitude (Fig. 2). Soils at this site are mapped as Dewey Series, and are
characteristically well drained and very deep (> 1.5 m; Soil Survey Staff, 1994). The
taxonomic class of the soils is a fine, kaolinitic, thermic, Typic Paleudult. Soil surveys
conducted on Dewey Series soils generally exhibit gradational boundaries between soil
horizons. Below approximately 50 cm depth, soil horizons characteristically exhibit very

high clay content. Other documented features for Dewey Series soils includes distinct

clay films (illuviated clays) as pore linings and on ped faces at variable depths.



83°47'30”N 83°47°'N

Figure 2: Topographic map of field site showing geological overlay in red (Ok =
Kingsport Formation, Oma = Mascot Formation), and borehole locations in blue. Cross-
dip slope transect: B1 through B4; Dip slope transect: B7 through OCP, outcrop.




Figure 3: A) Photograph taken from site near ridge-top location (B3) looking northeast.
Note prominent sinkhole in background. B) Photograph taken from B3 looking west-
northwest .

Originally described by Oder and Miller (1945), the presumed parent lithologies
for soils at the study site are the Mascot and Kingsport Formations (Uppermost Knox
Group), which consist of a light gray to grayish-brown, massively bedded fine-grained
dolostone, with thin interbeds of chert and minor interbeds of shale, siltstone and
sandstone (Walker, 1985). The thickness of this stratigraphic unit ranges from 75-203 m.
The fine-grained lithofacies within the Mascot Fm. are interpreted to represent
penecontemporaneous dolomitization in upper intertidal to supratidal environments
(Walker, 1985). The Knox unconformity, which rests atop the Mascot Fm., marks a
major break between the Knox Group and later Middle Ordovician carbonate/clastic

sequences of the Chickamauga Group. Subaerial exposure, solution-collapse structures
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and development of a paleohydrologic system during the depositional hiatus (and prior to

deposition of overlying Middle Ordovician carbonates) are well-documented
|

|
! distinguishing characteristics of the Mascot and Kingsport Formations (Harris, 1971).
|
|
|
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3.0 METHODS

3.1 Soil Coring and Macromorphology

After the field site was chosen, a test borehole (B6) was hand-augered to a
maximum depth of ~ 3 meters using a soil sampling field kit. Pedologic observations
were made in the field, and soil cores were taken at various depths. Additionally, further
sampling involved 6 boreholes along the previously mentioned transects at various slope
positions (Fig. 2). The coring was conducted by GEOTEK Drilling Company, Inc., using
a hydraulically driven, direct push technology (DPT) rig that provided continuous 2 inch
diameter samples in 4 ft. acetate liners. The boreholes were advanced to refusal depths,
which was assumed to be the top of bedrock. The macromorphology of the core material
was logged using current Soil Survey Staff (1996) description/classification guidelines
and Munsell charts during the summer of 2003 (Appendix A). Characterization included
sub-sampling for determination of gravimetric water content (Appendix B), thin-section
preparation, particle-size analysis using an X-ray disk centrifuge (XDC) method,
elemental chemistry using an X-ray fluorescence (XRF) method, and clay mineralogy
from X-ray diffraction (XRD).
3.2 Thin-Sections and Micromorphology

For laboratory analyses, 19 oriented samples were selected from the boreholes for
professionally prepared thin-sections and micromorphologic observation. Soil cores were
impregnated with boat resin and then dry-sawed in the laboratory in order to better
preserve the internal structure and fabric, and provide detailed observations of the
sampled residuum. The samples were selected to offer broad soil horizon coverage of

boreholes 1 and 4, and also to target any significant horizon or potential alluvial or
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colluvial interbeds (Appendix C). Petrographic observations include a detailed
description of macropore structure, texture, composition, cementation and alteration of
grains. In addition, the distributions of pedogenic clays and mineral precipitates were
petrographically “mapped” within the soil horizons based on color, relative age, and

orientation (and concentration) within both macropores and matrix material. Estimations
and percentages c;f petrographic features were performed using image-comparison charts.
3.3 Physical Characteristics °

Soil physical measurements, including particle size analysis, bulk and particle
density were performed on 23 to 25 sub-samples from boreholes 1 and 4 (Appendix D).
Bulk density was determined by the paraffin clod method (Blake and Hartge, 1986;
Appendix E). Gr:avimetn'c water content measurefnents (Scott, 2000) were conducted on
sub-samples collected at 10 cm intervals for the uppermost core material, and then at 20
cm intervals for the lower subsoil material. Particle size analysis was carried out on 15
gram sub-samples using a Brookhaven Instruments X-ray disk centrifuge (XDC) system
(Appendix D). This method allowed for the measurement of detailed particle size
(mass/volume) distribution for samples containing very fine particles (as fine as 0.01
um). It is based on the attenuation of X-ray beams passing through a 15 mL suspension
of DI water and soil material that is being accelerated in a centrifuge.
3.4 Geochemistlly and Mineralogy

Bulk geoc;:hemical analysis was performed on 25 sub-samples (including Mascot
Dolomite bedroc“k) using an X-ray fluorescence (XRF) analyzer. Analyses were carried
out on 5 gram sa%nples that were powdered and dried at 60° C and then pressed into

pellets. The pell?ts were analyzed for selected major, minor and trace elements using a
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Philips MagixPRO wavelength-dispersive X-ray Fluorescence (XRF) Analyzer (Singer
and Janitzky, 1986). The XRF analytical protocol utilized an appropriate clay soil
standard, with major element abundances reported in oxide weight percent and trace
element concentrations in ppm (Appendix E).

Whole-rock XRF chemical data were evaluated using a mass-balance approach to
help characterize chemical variations in the soils due, in part, to closed-system effects of
volumetric changes (strain, ©), resifiual enrichment of soil matrix, and open-system
transport of material into or out of various horizons (translocation, 1) (Brimhall, 1991a,b;
Driese et al., 2000). This protocol requires element concentration and bulk density of
both parent and weathered material for characterization of these values. Furthermore,
careful designation of an immobile element is important for translocation calculations,
with titanium or zirconium most commonly used.

Clay mineral analysis of the <2, <0.5, and <0.1 pm size fractions was performed
on 5 soil samples selected from boreholes 1 and 4. The samples were evenly spaced to
provide maximum coverage with depth (Appendix F). Two additional samples included
bulk bedrock and isolated chert material from HCl-acid reacted bedrock. Clay mineral
analysis was performed using an automated Phillips XRG 3100 X-ray generator by
Willamette Geological Service on elutriated mounts using Mg- and K-saturation,
glycolation, controlled humidity and routine heat treatments (Moore and Reynolds,

1989).
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4.0 MORPHOLOGY
4.1 Macromorpliology

Two pronﬁnent sinkholes are present within 50-200 m of the boreholes (Figs. 2
and 3). Soil and residuum thickness measured in the boreholes range from 3.68 to 10.58
m (Table 1 and Fig. 4). Few outcrops of bedrock occur'in the area, primarily due to the
thick cover of cla‘yey residuum. However, exposures along the back-slope (facing the
Tennessee River)‘ and along a gravel roadcut reveal near horizontal bedding in dolostone
with appreciable chert nodules and chert-rich intervals. Strike-and-dip measurements
taken from these available outcrops average about N55E /10° SE.

Residuum“ from the boreholes is mainly composed of strongly oxidized, dense
clay that becomes heavily mottled, darker, and more concentrated with angular to
subangular dolostone, chert, and siliciclastic lithorelicts with increasing depth (Appendix
A). Thickness of the residuum and soils varies with proximity to sinkholes, with lesser
thickness preser\;ed in boreholes 2 and 5. During the coring process, recovery was often
very high, with 2:8 out of the 40 core samples having >90% recovery and 12 of these
samples having >f100% recovery (Appendix H). Samples with >100% recovery (up to
230%) indicate t1:1e likely presence of very fine-grained, highly plastic, swelling clays.

There does not appear to be any relationship between the degree of weathering
in chert and rock:fragments with increasing depth. However, many chert fragments
toward the base qf the cores appear extremely weathered with white-gray clay rinds (<
Smm thick). It i§ likely that the high clay content, the occurrence of Fe/Mn-oxide lining
macropores and ;‘;ed faces, and increasing pore water content with depth primarily

determine the various weathering states of the chert (Appendix E).

I
"
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Table 1: Latitude/longitude, surface elevations and depth to refusal/bedrock for each
borehole. All boreholes were collected using a truck-mounted rig with the exception of
borehole 6, which was retrieved by hand-augering and did not encounter bedrock.

Borehole Geomorphic Latitude Longitude Surface Depth to
Position Elevation () Refusal (cm)
B1 toe-slope N3603 069 | W83 47047 299 1058
B2 dip slope escarpment | N36 03 04 6 | W83 47 09.4 293 460
B3 upper dip slope N360302.2 | W8347117 296 730
B4 cross-dip shoulder | N3602 57.5 | W8347165 291 880
BS lower cross-dip slope | N36 02 55.8 | W83 47 14.5 284 368
B6 nidge top N360303.5]| W8347187 306 >295
B7 cross-dip foot slope | N36 03 09.2 | W83 47 20.1 290 655

Note that surface elevations were estimated from topographic map.
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The AE / BE horizons in all boreholes were relatively thin (< 26 cm combined) and
contained substantial chert fragments (Fig. 5A). Much of the chert within the A and BE
zones is of the cauliflower variety, or small hollowed nodules. Many of these nodules are
lined or entirely filled with Mn-oxide. Ped sizes and structures observed with the A and
BE horizons consist of fine to medium, granular to subangular blocksf. For most
boreholes, dense, clay-rich Btl horizons are present at about 50 cm depth. At or near this
depth, soil coloration abruptly grades from brown loam into a dark red, homogenous clay
(Fig. 5B). Peds within the many Bt horizons present i this residuum exhibit mostly
medium subangular blocky structure. The remaining core material below 50 cm depth is
generally devoid of any sand-sized soil particles, with the exception of occasional fine- to
medium-grained, sub- to well-rounded quartz sands (sometimes with the presence of
dolostone silts that effervesce with HC1) comprising thin, discrete interbeds that occur
only in boreholes 1, 3 and 4 (Fig. 5C). Some of the sandy interbeds are slightly
cemented, however, most are friable to unconsolidated. It is not clear, based on
macromorphological evidence whether the sandy interbeds are developed from in situ
weathering of clastic layers in the parent bedrock, or whether they are from externally-
derived alluvial materials deposited in the karst or on the residuum surface. Small (<1
mm), subangular to well-rounded red clay papules, or pedorelicts, are also present
throughout and adjacent to the sandy layers, and are proposed by soil scientists as

indicators of alluvial deposits (Fitzpatrick, 1993).
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Well-rounded
sandy interbed

Fe-oxide
Concretions \

Siltstone Paleosol at
Saprorelict base of
borehole 1

Figure 5: Large format thin-section photographs. A) surface loamy soil, B) mosaic of
pedogenic clays, C) well-rounded sandy interbed, D) saprolite/saprorelict interbed, E)
very deeply weathered dolostone rock fragments with pedogenic clay and Fe/Mn-oxide
rinds, F) relict (deepest) soil at base of borehole 1.
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The gradational nature of most soil horizon boundaries makes it difficult to
distinguish soil-residuum from colluvium at a macromorphological scale (Fig. 6). Sharp
contacts are present between dolostone bedrock and the soil-residuum, with the notable
absence of a saprolitic (Cr horizon) transition. The only material that is saprolitic in
nature within the residuum consists of lithorelicts/saprorelicts derived from siliciclastic

interbeds within the Mascot Formation (Fig. 5D).

4.2 Micromorphology

4.2.1 Soil Matrix- Microscopic examination of the epoxy-impregnated thin-
sections indicates that the majority of the material from the 7 boreholes are dominated by
sepic-plasmic matrix (clay re-alilg\nAmerhlt (iue to sﬁririk/s&ell and pédc;genic alteration of
clays), with the exception of A horizons and rare, thin siliciclastic interbeds. Sepic-
plasmic fabrics observed in the samples cein be subdivided into specific categories based
on clay content and onentatiop within the matnx Five morphologies of sepic-plasmic
fabric are identified n the dolbstone-depved I:esiduum: sicelsepic (highly birefringent
plasma around skeletal grains), mosepic (one direction of preferred clay orientation),
bimasepic (two directions), trimasepic (three directions), and omnisepic (multi-
directions). Samples within A-horizons and siliciclastic zones (with mostly sand and silt
fractions) reveal a silasepic fabric (silt/sand size grains lacking highly birefringent
streaks). Most BE horizons contain matrix with skelsepic fabric that grades into a weakly
bimasepic fabric. Bt horizons generally reveal bimasepic microfabric with more

strongly-bimasepic, trimasepic, and omnisepic patterns demonstrated by Bt horizons
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Figure 6: Stratigraphic columns showing size-fraction distributions and morphological
features in boreholes 1-7.
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with increasing clay content (Fig. 7A). Mosepic fabrics are observed only within deeply
weathered shale litho/saprorelicts, which are best exhibited in borehole 4 at
approximately 815 cm depth. Generally, sampling regions with higher concentrations of
Fe/Mn-oxide observed in the clayey matrix corresponds to plasma with weaker
birefringent patterns. It is important to note, however, that the various sepic-plasmic
fabrics observed in these samples are generally not characteristic of Ultisols (too
kaolinitic and leacf:hed) and may have been at least partly induced by stress changes from

the coring process.

4.2.2 Borehole 1 -- The matrix of borehole 1 residuum is dominated by bimasepic
fabrics, with skel%e,epic fabrics occurring within the BE horizon and siliciclastic interbeds.
The samples rmée from 15-25% macroporosity, as determined by visual estimation.
Actual in-situ valj‘ues are likely much lower because of shrinkage and cracking during
sample drying and thin-section preparation. Most macropores are characterized as having

b -

dendntic to planar pore structures, which become more discontinuous with increasing
depth, and occursi mainly as desiccation cracks and weathering rinds encircling/coating
some dolostone ﬂagments. Two conspicuous organic-rich zones occur at 233-239 cm
and 367-373 cm (liepths (Fig. 7E). Both sand and silt fractions show a marked increase
within these zones and are characterized by fine- to medium-grained, subrounded to well-
rounded quartz s;nd grains. The sand and silt grains appear to have been derived from

adjacent deeply weathered, fine- to medium-grained sandstone, calcareous siltstone, and

1

23



Figure 7: Micromorphology of borehole 1. All photos under plane polarized light,
except for A which is under cross-polarized light. A) Typical strongly bimasepic plasmic
fabric, 675 cm depth. B) Large multi-generation banded Fe-oxide concretions and
nodules, 45 cm depth. C) Subrounded, oxidized pedogenic clay papules in thick clayey
matrix at 367 cm depth. D) Thick, oxidized pedogenic clay matrix with redox-depleted
macropores at 238 cm depth. E) Organic material (root) with surrounding loamy soil
matrix occurring within Btl interbed at 234 cm depth. F) Deeply weathered siltstone
litho/saprorelicts with pores completely occluded with multi-generation pedogenic clays
and Mn-oxide seams, 600 cm depth.
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shale litho/saprorélicts that also occur in the organic-rich zones (similar to Fig. 8A). Also
within this sand- gnd silt-enriched zone are fine- to medium-grained limestone rock
fragments with brtachiopod, mollusc, and bryozoan fossil allochems, as well as coarse-
grained limestone‘ rock fragments with coarse calcite thombs. Two other silt- and sand-
rich interbeds occ;lr at 600 cm and 708 cm depth. Although most of the sand fraction
throughout the borehole is composed of fine-grained monocrystalline quartz (>95%),
greater concentrations of polycrystalline quartz sand grains are present in the lowermost
BC horizon. Few, feldspar grains (2-5%) are present only within the siliciclastic
interbeds, and are common within the silt fraction. Minor amounts of muscovite also
occur in the siliciélastic—rich zones.

Throughout the borehole, increases in silt fraction are common with increasing
depth, and the silt may have been partly derived from rinds of deeply weathered
dolostone rock fragments. Where deeply weathered, these rock fragments exhibit
pervasive dolomite ghosts occluded with silt infillings. Dolostone rock fragments,
siliciclastic litho/éaprorellcts and gravel-sized chert fragments appear scattered at various
depths, however, they tend to increase with mcreasing depth (Figs. 7F and 8C). Varieties
of dolostone fragments observed within borehole 1 include fine- to medium-grained
dolomite similar to Mascot Fm. bedrock and oolitic/pelloidal varieties. Root material is
common in the ui)per 25 cm of soil, then is absent until 964 cm depth (Fig. 7E). Below
this depth, fine tg medium (mostly < 2mm), very deeply weathered root material and root

traces, as well as'possible few animal burrows with dolomute silt infillings are visible,

indicating the présence of a paleosol (Fig. 8E). Most notably, below 964 cm depth
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Figure 8: Micromorphology of borehole 1: Image 2. All photos under plane polarized
light except for B and F which are under cross-polarized light. A) Fine-grained
monocrystalline quartz grains within deeply weathered, Fe-oxide cemented
litho/saprorelict, 800 cm depth. B) Silicified oolitic/pelloidal dolostone fragment with
interstitial chert/chalcedony with thick Fe-oxide rich pedogenic clay coatings, 800 cm
depth. C) Deeply weathered siltstone litho/saprorelict with thick Mn-oxide coats and
masses embedded in silty clay matrix, 800 cm depth. D) Banded silts and pedogenic
clays adjacent to desiccation crack lined with Fe-oxide, 980 cm depth. E) Deeply
weathered plant material, fine-grained limestone rock fragments, shaley-siltstone
litho/saprorelicts, and fine-grained monocrystalline quartz grains possibly representing
original soil residuum, 980 cm depth. F) Thin chert seam near base of borehole
revealing near-horizontal bedrock, with thick, Fe-rich pedogenic clays persisting at
maximum borehole depths, 1025 cm depth.
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the residuum is slightly size-graded and becomes sandier down to 981 cm depth. Below
981 cm, the residuum smoothly grades into very high clay content material with both
slickensides and desiccation cracks present. Root traces diminish in size and abundance
below this depth. The base of borehole one consists of thin, horizontal chert layers
embedded in extensive pedogenic clay that directly overlies Mascot Fm. bedrock (Fig.
8F). Overa}l pédogenic features of horizon BC strongly resemble those observed within
the BE and Bt1 horizons (Table 2).

Redoximorphic features that include concretions, coa‘gings/hypocoatings and
cements all exhibit textural and morphological trends with depth. Fe-oxide, present as
concretions, nodules, masses, coats, and hypocoats, is most concentrated within the upper
4 m (< 20% of soil matrix; Fig. 7B).- Large (<4mm wide), commonly cracked, multi-
generation Fe-oxide nodules occur throughout this depth interval, with the largest near
active macropores and within the more porous BE l;onzon. Many areas of soil matrix
adjacent to these concretions §}10w Fe-redox depletions (Fig. ;D). Fe-oxide content
decreases with depth and is pﬂméi{fy e)';pr‘essed as Fe/Mn-oxjde coats'along macropore
walls and ped/grain faces between 4-10 m depth (Fig. 8D). Subrounded to well-rounded
pedogenic clay papules, or pedorelicts (<I1 mm across), oi:éﬁr within horizons Bt1, Bt5
interbed, and Bt6 (Fig. 7C). Volumetrically, the residuum is dominantly composed of
fine, multi-generation pedogenic clays that constitute the bulk soil matrix material.
Aureoles, vadose pendants, wavy convoluted and laterally convex bands of these clays
suggest slow horizontal and vertical migration of soil pore-water. The pedogenic clays

extensively line macropores, grain/ped faces, and serve to occlude macropore channels.
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Table 2: Micromorphological features of borehole 1. Note that macroporosity, particle
size and percent mineral composition were determined using image comparison charts.

Sample | Horizon | Depth Texture Ped Size / Pore % Macro- Particle Size Composition
LD (cm) Structure Structure Porosity | % Sand | % Silt | % Clay ] % Qtz] % Clay |% RF|
B1-P1 |BE+Btl] 43-51 sandy-loam > fine to medium planar- 25 35 20 45 20 45 15
clay granular to subangular dendntic
blocky
B1-P2 Bt2 233-239 sandy-clay moderate-medium planar- 15 20 20 60 27 60 13
Interbed subangular blocky smuous
B1-P3 B3 367-373 stity-clay moderate-medium dendritic- 15 15 25 >60 25 60 15
Interbed subangular blocky smuous
B1-P4 Bt4 554-562 gravelly-clay d d dendnitic- 20 3 15 82 7 80 10
subangular blocky S;muous
BI1-P5 Bt4 + 595-602 silty-sand N/A dendntic 23 55 25 20 >55 25 >5
BtS N/A
B1-P6 BtS 671-678 gravelly- fine-medium wavy- 20 35 25 40 >35 40 25
sandy-clay subangular blocky planar
B1-P7 | Cr+Bt6 ] 707-714 gravelly- N/A discontinous- 17 35 30 35 >40 35 20
, sandy-clay N/A dendritic
B1-P8 Bt6 796-803 gravelly- medium-coarse sinuous- 15 28 25 47 >35 47 18
silty-clay subangular blocky dendntic
B1-P9 BC 979-986 gravelly- fine-medium dendnitic- 15 35 30 35 >35 35 25
silty-clay subangular blocky planar
BI-P10 BC 1023-1030; clay fine discontinuous- 20 10 20 70 15 70 15
subanpular blocky dendnitic-
planar

Note that all characteristics in this table are based on visual estimates/inspection of thin-
sections using a petrographic microscope.
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Table 2 continued.

Sample | Horizon | Depth Ped Clay Matrix Concretions/Nodules Coatings
ID. (cm) Mottles
BI-P1 |BE+Btl} 43-51 |5% orange skelsepic | 10-12% multigen. Fe-oxide (<4mm) Red 1illuviated clay hmng grains,
Fe-oxide concretions, and as
aureoles
B1-P2 B2 233-239 |75% dark-red strongly 5-8% Fe-Mn oxide (<3mm) Fe/Mn cements hning grans and
Interbed 15% orange bimasepic 10% 1n orgamic-nich zone pore faces , pervastve multigen
5% yellow-orange Red pedogentc clay nodules pedogenic clays
5% tan-yellow
B1-P3 Bt3 367-373 [65% dark-red moderately 12-14% Fe-oxide masses (<3mm) Pervasive multigen ped. clay
Interbed 20% orange bimasepic 2-5% Mn-oxide dissenunated coats and vadose pendents
15% vellow-orange
B1-P4 Btd 554-562 [60% dark red weakly 5% Fe/Mn-oxide masses (<1mm) 8% Fe-oxide coatings on peds,
15% orange bimasepic pore faces, and b/w dolomute
15% yellow-orange silt grams, well-developed multi-
10% orange-yellow . gen ped. clay + Fe-oxide coats
%
B1-P5 B4 + 595-602 ]55% orange skelsepic 8% Red ped. clay papules (<1mm) Pervastve multigen ped. clay
BtS 35% dark-red <5% Fe/Mn-oxide nodules (<1mm) often completely occluding pores.
5% yellow-orange Fe/Mn-oxide coats + hypocoats
5% tgn-yellow
B1-P6 BtS 671-678 §40% dark-red moderately 3% Fe/Mn-oxide masses (<1mm) Pervasive multigen ped. clay,
35% orange bimasepic 5% Fe/Mn-oxide coats
15% orange-yellow
10% yellow
B1-P7 | Cr+Bt6 | 707-714 |50% dark-red skelsepic 3% Fe/Mn-oxide masses (<1mm) Pervasive multigen ped. clay,
25% orange s 5-7% Fe/Mn-oxide coats
15% orange-yellow ¥
5% tan-yellow
B1-P8 Bt6 796-803 }55% brown-red skelsepic- 5-7% Fe-oxide masses and Pervasive Fe-oxide + ped. clay
20% dark-red bimasepic glaebules (<2mm) coats often with convoluted wavy
5% orange bands (Fe-oxide ~8%)
5% orange-yellow .
B1-P9 BC 979-986 [30% orange-red skelsepic- Common Fe-nich ped. clay papules Extensive ped. clay coats, 8% Fe-
20% pale yellow mosepic (<0 5mm), 3% Fe-oxide nodules oxide coats
20% dark-red
20% red-brown
10% orange
B1-P10 BC 1023-1030 |35% brown-orange ]| bimasepic- 10% Fe-oxide Pervasive multigen. ped. clay coats,
30% brown-red tnmasepic 3% ped. clay papules near top few kaohmte/dickite cement coats
20% orange along sandstone/siltstone lithorelicts,
15% red extensive Fe-nich coats + hypocoats
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These clays are most strongly oxidized within the upper 5 m and become increasingly
mottled with dept;h. Coats of kaolinite/dickite cement are present below 981 m in and
around sandstone Iand siltstone litho/saprorelicts, and between wavy bands of illuviated
pedogenic clay. I;‘ew, thick hematite cements occur at various depths within sandstone
saprorelicts. Feldrspars, where present, commonly contain authigenic overgrowths.

Minor occurrences of authigenic quartz overgrowths occur around quartz grains at

variable depths. |

4.2.3 Borehole 4 - Similar to borehole 1, the matrix of borehole 4 residuum is
dominated by birﬁasepic fabrics, with skelsepic fabrics characteristic of the BE horizon
and siliciclastic il}terbeds. Macroporosity in the samples range from 13-22% exhibit
sinuous-dendritic‘ pore structure that, as was the case with borehole 1, becomes more
discontinous with increasing depth (Fig. 9C). Also similar to borehole 1, actual in-situ
values for macroporosity are likely much lower due to drying encountered during thin-
section preparation. The highest macroporosity is observed within the BE horizon, and
associated with desiccation cracks and rinds around deeply weathered dolostone
fragments. However, such porosity does not occur along less intensely weathered
dolostone fragments Two thin (< 1 cm) siliciclastic interbeds occur at 60 cm and 78 cm
depths, within the Bt1 horizon, and are composed of very fine-grained sandy silt without

micas (Table 3). “The sand grains are very well rounded and well sorted. Another

unusually sandy ;region occurs between 863 cm and 874 cm depth, and these sands are

almost entirely composed of monocrystalline quartz (minor deeply weathered chert), and

are moderately well-sorted and well- to very well-rounded. Minor amounts of feldspar

31



Figure 9: Micromorphology of borehole 4 and Mascot bedrock. All photos under cross
polarized light except for C and D. A) Silicified dolostone rock fragment with chert-
lined elongate polycrystalline quartz inclusion at 5 cm depth. B) Close-up of
polycrystalline quartz grain bearing strong resemblance to inclusion observed in A (50
cm depth). C) Dendritic, sinuous pore structure with successive pedogenic clay and Mn-
oxide coats along pore walls in silty matrix surrounding numerous siltstone
litho/saprorelicts at 600 cm depth. D) Macropore at 600 cm depth showing silt infillings
along pore walls (note former pore walls marked by dendritic Mn-oxide lining former
pore wall). ' E) Deeply weathered Mascot-like dolostone rock fragment with extensive
multi-generational pedogenic clays filling dolomite crystal dissolution voids. F) Fine to
medium-grained, slightly to moderately weathered, tan-brown dolomite with calcite and
dolomite spar fill cements. Some pores and intergranular pore spaces lined with Fe-
oxide. Bedrock outcrop sampled from approximately 40 m downslope (west) of borehole
4,
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(mostly perthite) occur scattered throughout the borehole, and are dominantly silt-sized.
The greatest concentration of feldspar occurs at approximately 600 cm depth (8%), where
slightly convoluted relict bedding (saprolite ?) occurs in association with deeply
weathered shale litho/saprorelicts and Mascot-like silicified dolostone (Appendix C). Silt
infillings are present within various types of macropores at this interval (Fig. 9D). Up to
7% muscovite is also present at this depth. Trace heavy minerals scattered throughout
the borehole include zircon and ilmenite.

Sharp increases in silt fraction (and subsequent decrease in clay fraction) occur
near the base of the core within the lowermost 50 cm of residuum. Similar to borehole 1,
dolostone and cherty gravel tend to increase with depth with many deeply weathered
dolostone fragments displaying weathered exteriors containing pervasive dolostone
“ghost” rhombs. Close inspection of many dolostone fragments throughout borehole 4
reveals inclusions and/or seams of polycrystallinek quartz, commonly lined with fine-
grained chert (Fig. 9A). The polycrystalline quartz grains exhibit features consistent with
hydrothermal alteration such as near-perfect undulatory extinction and slightly elongated
and sutured grains (Fig. 9B). Two additional features of the polycrystalline quartz
inclusions include the absence of other minerals (e.g., feldspar or muscovite) and
diagenetically coarsened quartz grains, which results in a strong resemblance to
chalcedony/banded agate. Other rock fragments observed within borehole 4 include fine
to medium-grained dolomite similar to Mascot Fm. bedrock, and deeply weathered shale
and Fe-cemented, fine-grained sandstone litho/saprorelicts.

As was the case for borehole 1, Fe-oxide concretions, nodules and masses are

most common and best-developed within the loamy A and BE horizons. Many multi-
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generation concretions reveal successive growth bands that envelop smaller Fe-oxide
concretions and their occurrences correlate with low clay content horizons. At and below
5.8 m, most Fe-oxide is present as coatings along open macropores. Many areas of soil
matrix adjacent to these Fe-oxide coats contain thin (< 3 mm) redox-depleted mottles.
Well-rounded, red pedogenic clay papules (< 1 mm across) occur within the BE, Btl, Bt5
and Bt6 horizons. Multi-generational pedogenic clays are substantial, with significant
pore occlusion developed just below the contact between the BE and Bt1 horizons.
Multi-generation pedogenic clay pedorelicts and vadose pendants occur adjacent to, or
partially filling macropores and desiccation cracks, whereas wavy convoluted and
laterally convex bands of these clays are typically present along/between grain
boundaries, within dissolution voids (in dolostone fragments) and relict bedding planes
(where siliciclastic litho/saprorelicts occur; Fig. 9E). These illuviated clays are strongly
oxidized with reddish colors throughout the majority of the core, which grade into
reddish-brown colors at 6.5 m depth, and then to greenish-brown colors in the basal 10
cm of core material. A rare form of kaolinite/dickite cement occurs at variable depths,
but mostly in association with deeply weathered shale litho/saprorelicts, and along few
grains faces and macropore walls. As was the case with borehole 1, hematite cements are
rare at various depths within deeply weathered sandstone saprorelicts. Feldspars, which
appear limited to siliciclastic saprorelicts and silt fractions, commonly display authigenic

feldspar overgrowths.

4.2.4 Mascot Dolomite -- The Mascot Fm. bedrock is composed of fine- to medium-

grained, tan-brown dolostone, with some coarse dolomite spar-fill cements (Fig. 9F).
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Few small fractures (< 500 pm thick) have a planar-sinuous structure and extend sub-
horizontally along bedding planes and chert layers. Fe-oxide cements and fine Fe masses
(< 100-200 um) commonly fill these fractures, as well as intergranular pores. Minor

amounts of oxidized pedogenic clay are observed near the top of the bedrock thin-section.
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5.0 TEXTURE (PARTICLE SIZE DISTRIBUTION) AND BULK POROSITY

Particle siée analysis was performed on 23 total samples taken from boreholes 1
(11) and 4 (12). émples were selected to span the different soil horizons, and also
included various s:andy or silty interbeds (Table 4). The uppermost 50 cm in both
boreholes (A/BE horizons) is composed of clay loam, with common chert and dolostone
rock fragments. At approximately 1 m depth a marked increase in clay content occurs,
which extends to depths greater than 8 meters (Figs. 10 and 11). Although both
boreholes exhibit similar particle-size distribution trends with depth, borehole 1 contains
greater overall cléy content. The clay fraction generally reaches a maximum at depths of
1 to 5 meters. Although a few sandy/silty interbeds are present within the core material,
they are volumetrically insignificant within the 1-8 m interval. Much of what constituted
the very fine sanc; fraction in this clay-rich zone was observed, during the dry-sieve
process, to be fragmented and disseminated chert. Below 8 m, the core material becomes
increasingly silty, and gravel-size rock fragments, which include dolostone and
lithorelicts from siliciclastic interbeds, become more common.

Particle-size analysis using an X-ray disk centrifuge technique provided detailed
information aboujt size-fraction distributions for the <2 pm range. The analyses indicate
that the residuum; is dominantly composed of pedogenic clay (clays finer than 0.1 um;
Fitzpatrick, 1993). Up to 66% of the clays are pedogenic in nature, with the greatest
concentrations wlithin 1-8 meters depth (Fig. 11). A sharp decrease in pedogenic clays
occurs toward the base of each of the cores near the bedrock interface, which corresponds
to a gradual incre;ase in the silt fraction. Detailed clay distribution data also reveal
varying bimodal size
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Table 4: Selected samples for particle size determination using an X-ray disk centrifuge.

LD. | DEPTH (cm) HORIZON
Bl-1 10 A

B1-4 40 BE

B1-5 58 Sandy Interbed
B1-9 140 Bt2
B1-17 305 Bt2 |
B1-22 407 Bt3
B1-28 527 Bt4
B1-31 595 Sandy Interbed
B1-34 655 Bt5
B1-41 815 Bt6
B1-50 1050 BC

B4-1 10 A

B4-3 30 BE

B4-5 60 Sandy silt int. w/ Bt
B4-11 180 Bt2
B4-23 425 Bt3
B4-27 510 Bt4
B4-32 610 Bt6
B4-36 690 Bt7
B4-42 810 Bt8
B4-44 850 Bt9
B4-45 870 Bt10
B4-46 880 Btl1
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Figure 10: Cumulative particle size distributions versus depth for boreholes 1 and 4.
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Figure 11: % Clay and % clay <0.1 pm versus depth for boreholes 1 and 4.
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distributional patterns within the samples (Fig. 12). The trends generally indicate a subtle
bimodal distribution of fine silt and pedogenic clays. At 3 m depth, there is about 98%
clay in the < 53 um fraction. Overall, more total clay and pedogenic clay is present
within B1.

Bulk porosity measurements were calculated from bulk and particle density
values, and range from 28-50% (Appendix E). Horizons characterized by greater
porosity typically exhibit high clay content, while the loamy A / BE horizons were found
to contain the lowest porosities (Table 5). It should be noted that the coring process may
have distorted actual bulk densities of the sampled material, thereby introducing potential
error in the calculated bulk porosities. This distortion due to coring was observed by the
swelling (>100% recovery) and possible compaction (<100% recovery) of soil material

(Appendix H).
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Figure 12: Examples of detailed cumulative clay distribution curves for boreholes 1 and
4. Note the subtle/weak fine silt and pedogenic clay bimodal distribution.
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Table 5: Bulk porosity calculations

Sample LD.| Depth cem)| Pb | Ps | % Clay Bulk Porusity (%)
Bl-4 40 1.77 |2.73 40 35
B1-5 58 1.83 |2 63 52 30
B1-9 140 1.74 |2 72 87 36
B1-17 305 1.56 [278 92 44
B1-22 407 167 |2.77 81 40
B1-28 527 1.47 |2.74 72 46
B1-31 595 1.48 |2.56 27 42
B1-34 655 1.48 |2.71 80 45
B1-41 815 1.46 |2.90 77 50
B1-50 1050 1.58 |2.69 64 41
B4-1 10 1.89 |2.64 34 28
B4-3 30 2.09 [2.91 37 28
B4-5 60 1.86 |2.65 68 30
B4-11 180 1.73 |2.72 70 36
B4-23 425 1.73 |3.09 70 44
B4-27 510 1.65 |2.67 68 38
B4-32 610 1.84 |2 94 58 37
B4-36 690 1.64 |275 85 40
B4-42 810 1.9 |3.12 53 39
B4-44 850 1.73 |2 81 74 38
B4-45 870 1.75 |2.74 40 36
B4-46 880 1.70 |2.66 31 36

Note that Pb = bulk density as measured from wax clod method, Ps = particle density as
measured from pycnometer method. '
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6.0 GEOCHEMISTRY AND MINERALOGY

6.1 Geochemistry

Whole-rock geochemical analysis was performed for major soil horizon and
sandy interbed intervals, for boreholes 1 and 4 (Fig. 13). Chemical variations in the
residuum were evaluated by measuring and plotting molecular ratios, which qualitatively
provide approximations of weathering reactions and status of the soils (Retallack, 2001).
Molecular-ratio calculations used to demonstrate common pedogenic reactions (see
Retallack, 2001) show an overall uniform oxidized signature of the residuum that is
higher near the surface and decreases with depth, and ranges from 0.35-0.10 (Fig. 14).
Slight anomalies observed within the boreholes responsible for these ranges occur at
~500 cm depth, where a small increase exists for borehole 1 (0.35) and a minor decrease
is present in borehole 4 (0.10). Within approximately the lowermost 50 cm of core
material in both boreholes, substantial decreases in oxidation ratios occur, decreasing
from 0.0 to 0.15. Ba/Sr ratios in the residuum show nearly identical trends for both
boreholes (Fig. 15). Ratios show generally uniform increases from 0.6 at the surface to
maximum values <1.0 around 5 m depth. Below 5 m depth and down to the bedrock
contact, Ba/Sr ratios decrease uniformly back to 0.6, thereby suggesting that optimal
leaching occurs 1n the upper 5 m of residuum. Other indicators of hydrolysis-driven
reactions using the ratio of Al/ bases reveal the same trends, which correlate well with
the translocation and distribution of clays, as measured by Al,O; (Fig. 16). Hydration
ratios of silicon to sesquioxides also show a major decrease from near 20 within the

uppermost 50 cm of residuum, to <5 in the lowermost 50 cm depth (Fig. 17).
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Figure 13: Distributions of immobile elements Zr and T102 vs. depth for boreholes 1 and
4 and interpretations for origins of weathered materials. Note that the concentration of
TiO2 shows less variation with depth.
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Figure 14: Whole-rock XRF data, expressed as oxidation ratios for boreholes 1 and 4.
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are less leached near the surface, and have maximum leaching at 400-500 cm depth
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Figure 17: Whole-rock XRF data for Silicon / Sequioxides ratios exemplifying
hydration-driven weathering reactions in boreholes 1 and 4.
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Mass-balance calculations utilized TiO, as the immobile index element because of
its more uniform distribution in both boreholes (ﬁig. i3). Geochemical plots used
insoluble residue of Mascot Fm. bedrock as a parent material for all mass-balance
calculations in this study. Plots illustrating volumetric changes within the profiles
suggest a negative strain approaching —1.0, indicating complete collapse of soil material
during weathering (Fig. 18). Mass-balance calculations of elements incorporated into the
residuum via detrital influx show an overall loss of SiO, within both boreholes (Fig. 19).
Additions of Zr occur above 1.5 m depth, with values generally decreasing with greater
depths. A small net gain inflection occurs within one of the siliciclastic interbeds in both
boreholes at 6 m depth. A similar prominent increase in Zr occurs at 8.7 m depth in
borehole 4, which is not present in borehole 1. In addition to these trends observed for
immobile Zr and TiO;, plots of Nb versus depth reveal strong similarities in inflections
for both boreholes 1 and 4 (Appendix F).

Transport calculations for alkali elements indicate overall net losses in each
borehole. Translocation of elements comprising clay minerals show, overall net losses of
Si, K, and Na, and net gains of Al throughout the boreholes (Fig. 20). A prominent net
increase in Na and Al occurs in borehole 1 at 6 m depth. Net Al gains correlate well with
clay bulges of Bt horizons. Extensive leaching of the Ultisols has likely driven the
transport and removal of these alkali elements, as well as the enrichment of Al as
indicated previously by the particle-size data. Appreciable net gains in Ca and Mg are
present at 6 m depth (primarily in borehole 1), however, sharp increases of one to two
orders-of-magnitude occur in the lowermost soil horizons of both boreholes (Fig. 21).

Translocations of redox-sensitive elements vary significantly with depth, with Co and Cr
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Figure 18: Whole-rock XRF data showing negative volumetric changes (strain), or
collapse, for boreholes 1 and 4 calculated assuming either immobile Zr, Ti, or Al.
Negative values represent net loss of constituent relative to parent material with —1
equivalent to 100% loss, and +1 is 100% net gain.
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Figure 19: Transport functions (translocation) for detrital influx elements in boreholes 1
and 4 calculated assuming immobile Ti. Negative values represent net loss of constituent
relative to parent material with —1 equivalent to 100% loss, and +1 is 100% net gain.
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Figure 20: Transport functions (translocation) for alkali and clay mineral elements in
boreholes 1 and 4 calculated assuming immobile Ti. Negative values represent net loss
of constituent relative to parent material with -1 equivalent to 100% loss, and +1 1s 100%
net gain. ‘ )
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Figure 21: Transport functions (translocation) for carbonate elements in boreholes 1 and
4 calculated using immobile Ti; Negative values represent net loss of constituent relative
to parent material with -1 équivalent to 100% loss, and +1 1s 100% net gain.
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generally decreasing, and Fe and Mn increasing towards the surface. Increases in Fe and

Mn correlate well with the more clay-rich horizons, and commonly show an increase of

'

over 200% (Fig. 22). Values for Mn show the most variability and anomalous losses
occurring within siliciclastic interbeds. Relative enrichments of Mn generally correlate
with horizons containing thick MnO; stained coats.

6.2 Mineralogy

Inall ﬁve:soil samples, the matrix is primarily composed of illite and kaolinite

f

with significant amounts of goethite (Fig. 23 and Fig. 24). Lesser quantities of
dehydrated halloysite (bellpine), Fe-Mg chlorite, and smectite (hydroxyl Al-Fe interlayer
smectite = HIV) comprise the other clay species. Generally no carbonate is present in the

clay samples. Minor amounts of quartz occur in the 2-0.5 um fraction. The quartz

diminishes with decreasing grain size and is absent in the <0.1 um fraction. Illite

i}

becomes increasihgly disordered in the finer fractions, which is exemplified by increasing
peak width and siight shifts in d-spacings to the left (lower 2-theta). The kaolinite
component appears to be highly disordered and in some cases demonstrates peak
character associa:ted with dehydrated halloysite. The most significant trends revealed by

clay mineralogical analysis includes significant increases in illite with increasing depth,

3

and decreases in kaolinite with increasing depth. Goethite tends to increase in the finer

fractions (Fig. 23).
|
Two 100 g samples of Mascot Fm. bedrock were pulverized and reacted with HC1

to determine the amount of insoluble residues in the dolostone. The samples ranged
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Figure 23: Semi-quantitative clay and non-clay mineralogy versus depth (data from
boreholes 1 and 4). Note that samples from 305¢cm and 1050cm depths were sub-

sampled from borehole 1, whereas samples from 30cm, 610cm and 810cm depths were
sub-sampled from borehole 4.
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Figure 24: Semi-quantitative clay mineralogy versus depth without additions from
quartz, anatase and goethite (data from boreholes 1 and 4). Note that samples from
305cm and 1050cm depths were sub-sampled from borehole 1, whereas samples from
30cm, 610cm and 810cm depths were sub-sampled from borehole 4.
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from 7 to 15% of insoluble material consisting of appreciable amounts of brown-colored
silts and cherty re:sidue. The samples analyzed for XRD included a whole rock Mascot
Dolostone samplé and a subsample of chert that was isolated by treating additional
bedrock sample with HCI acid. Whole-rock mineralogical data indicate that the rock is
almost er;tirely dolomite with subordinate quartz, calcite, microcline, and albite. The
chert sample cont:ained mostly quartz, with minor dolomite and traces of calcite,

microcline, and albite.
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7.0 INTERPRETATIONS AND DISCUSSION

7.1 Soil genesis and comparison of physical/chemical properties to conceptual
models

This study has provided important information on the genesis of soil and
residuum derived from relatively flat-lying dolostone. One hypothesis is that Ultisols
form in-situ as a single residuum from the long-term weathering of underlying carbonate
bedrock. The estimated thickness of the Mascot Dolostone in the vicinity of the study
site is 180 m, with at least 90 m of Kingsport Dolostone occurring stratigraphically below
the Mascot Fm. (U.S.G.S., 1966). Based on the recovery of approximately 10% insoluble
residue from the Mascot Fm. bedrock samples, and assuming this bedrock as the sole
parent material for the residuum, 18 m of insoluble residue/material would result from the
weathering of the carbonate bedrock. The thickest residuum observed at the site
(borehole 1) is at least 11 m. To satisfy the thickness of residuum developed at this
borehole, it would require a minimum of 5% insoluble residue in the bedrock. However,
of the recovered 10% insoluble residue mentioned above, less than half of this material is
comprised of micaceous clays and silts (~40%), with the remaining material consisting of
chert in various size-fractions. If on; assumes that about 100 of the 180 total meters of
underlying Mascot Fm. bedrock has weathered away (these values are estimated due to
the thick coverage of residuum and discontinuous outcrops of Mascot Fm. bedrock), soil
thickness should average 5 m, assuming an insoluble residue content of 5% and no
erosion or relocation of insoluble material. However, mass-balance geochemical plots
for strain reveal >90% volume loss of the insoluble residue, suggesting that in-situ

genesis of Ultisols plays only a subsidiary role in soil formation.
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It is important to note that these extremely low values for strain may have been
partly induced by.the coring method, whereby compaction or expansion of core material
from the drilling I;rocess changed the bulk density of the soil, possibly distorting
calculations for strain. F urthermore, although the role of erosion throughout the time of
development for this residuum cannot be directly quantified, 1t certainly relocated much
of the above-mentioned insoluble materials thereby supporting an alternate mode of soil
development. As seen by extensive pedogenic clay illuviation in thin-section, lessivage
and translocation of clays from the thin (<50 cm) A and BE horizons at the study site also
play a secondary role in the development of thick, clay-rich Bt horizons.

An altema}tive hypothesis tested in this study is that these soils are formed as a
polygenetic asser?blage of reworked parent materials. Insufficient thickness through the
in-situ formation of these Ultisols as a single residuum (based on mass-balance
calculations), in c;onjunction with the occurrence of very deeply weathered plant roots
* within the upper part of horizon BC at 965 cm depth (no other plant material was
observed below 1 m depth in other boreholes) supports a polygenetic mode of residuum
and soil formation. Additional micromorphological features that include, common, well-
rounded, Fe-rich i)edogenic clay papules (< Imm wide), fine-grained limestone rock
fragments, shaley-siltstone saprorelicts, and fine-grained monocrystalline quartz grains
found scattered aiaove 965 cm depth in borehole 1 provide further evidence for a
polygenetic origin. Although undetected in the other boreholes, micromorphological and
geochemical evicience suggest that the lowermost 1 m of residuum at this geomorphic

position was at one time exposed to the atmosphere and a soil profile (now paleosol)
|
developed on the surface and was subsequently buried by colluvium and alluvium. It is

&
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possible, based on morphological similarities between boreholes 1, 3 and 4 that paleosols

may occur near the bases of other boreholes, however further investigation using thin- |
sections and geochemical analysis is needed to confirm this.

Additional potential evidence for the assertion that a paleosol occurs at the base of
borehole 1 is indicated by the gradual decrease of kaolmite with increasing depth,
followed by a sharp enrichment of this clay below 964 cm depth. Furthermore, illite
concentrations increase with depth, and Miller (1972) and Monger (1986) found illite to
be the dominant phyllosilicate constituent of the unweathered Paleozoic carbonate rock.
Similar to the trend observed in kaolinite with depth, a significant decrease in illite
concentration occurs at 1050 cm depth (Fig. 24). The significant thickness of overlying
residuum appears to consist of colluvial additions of mostly weathered Mascot Fm.
material (e.g., rock fragments, litho/saprorelicts). Geochemical evidence may support
this interpretation based on at least three major discontinuities for plots of immobile Zr
and TiO; at 6 m depth for both boreholes 1 and 4 (Fig. 13). These same trends and
discontinuities are also demonstrated by trace element data for Nb with depth, which may
mark periods of landscape instability and inputs of colluvial/alluvial material (Appendix
F). It is unclear, however, if this discontinuity is inherited from the siliciclastic
saprorelicts that are concentrated at this depth or from the above-mentioned colluvial
additions, perhaps derived from multiple parent lithologies.

Soil morphology and genesis at the Strong Farm site are likely affected by the
karstic, and likely brecciated nature of the underlying Mascot and Kingsport Dolomite
bedrock. In contrast to residua formed from weathered siliciclastic rock (e.g. Graham et
al., 1990; Driese et al., 2001; McKay et al., in press), the soils have little to no saprolite
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(Cr horizon) transition between bedrock and soil residuum, but, instead, a sharp contact
between pedogerﬁc clay or dolomite silt and the underlying dolostone bedrock. Thin (<
10 cm thick), sca&ered siliciclastic interbeds constitute the only observed saprolite,
however, these ingterbeds increase with depth and in places show relict, near horizontal
bedding (Fig. SDj. Based on morphological/ textural data and supported by literature
(Miller, 1972; Walker, 1985), the saprolitic material (which constitutes saprorelicts when
intermittently occﬁrring in residuum) is interpreted as derived from both alluvial/colluvial
additions and sili(::iclastic interbeds within the Mascot Formation.

Some inte:rvals within boreholes 1 and 4 contain well-rounded, fine- to medium-
grained quartz sands (commonly with thick pedogenic clay coats) in addition to
fossiliferous limestone fragments. It should be noted that these sand grains and fossil

allochems bear strong resemblance to siliciclastic-rich zones of the underlying

Chepultepec dolomite and fossil assemblages of the overlying Chickamauga Group
(Cummings, 195§). Based upon the occurrences of these grains at variable depths and
their absence in boreholes 2, 5, 6, and 7, these grains are interpreted as having been
derived from the above-mentioned units through: 1) additions of colluvium derived from
residuum develoéed from the Chepultepec and Chickamauga units that were weathered
away, as well as from 2) infilling of large dissolution voids during karstification
throughout the span of geologic time known as the Knox Unconformity. Mapping of the

Mascot-Jefferson City zinc district and surrounding areas of eastern Tennessee suggests
I

that there are extensive solution-collapse structures and brecciated zones with the Mascot
!

and Kingsport units, which would have provided sinks for the deposition of eroded

h
!
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Chepultapec sands (and sandstone lithorelicts) and Chickamauga Group residuum

(Harris, 1971; Matlock, 1987).

Another concern for interpreting regolith genesis concerns one’s ability to
conﬁdentlyl distinguish between the multiple colluvial and/or alluvial deposits. It is
probable that the long-term maturation of the regolith has homogenized these deposits,
with variations in mottling, PSD and geochemical/mineralogical data primanly due to
soil pore-water availability and macropore flow pathways. Evidence such as the lack of
steep scarps on modern hill slopes, and features consistent with intense weathering and
pedogenic development for the dolostone-derived residuum, such as highly disordered
kaolinite, whole-rock XRF molecular ratios, and strain, or volume change of the
residuum, suggest a long-term and gradual accumulation of mostly pedogenic clays.
Slow, imperceptible soil creep appears to be the primary and current method for down

slope movement of colluvium.

7.2 Pore structure and porosity occlusion due to illuviated clays and mineral
precipitates

Comparison of particle size data with bulk porosity measurements indicates that
the relatively higher porosities correspond to clay-rich horizons (up to 50%), and
conversely, lower porosities are typical of loamy A / BE horizons (28-30%; Appendix E).
Petrographic observations indicate that the greatest macroporosity exists in the A and BE
horizons (upper 50 cm of residuum), with sizes ranging from 50 pm to 1.5 mm in
diameter. Dendritic to sinuous pore structure is ubiquitous for all soil horizons, but
becomes m6re discontinuous with increasing depth. Below 50 cm depth, zones of
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relatively greater borosity occur confined to preferred pathways that include deeply
weathered rims of dolostone rock fragments. Macroporosity is also enhanced within
intervals of grain-size increases and from the decementation of fine to medium-grained
quartz sandstone lithorelicts.

Below approximately 50 cm depth, the soil residuum in all geomorphic positions
has extensive accumulations of multi-generational pedogenic clay and lesser a;nounts of
Fe/Mn-oxides, which together comprise the bulk of the soil matrix; these are also present
as coatings and infillings along macropore walls, grain/ped faces, within dolomite
dissolution voids, and as hypocoatings within both silty and clayey matrices. The
extensive occurrence and cross-cutting nature of pedogenic clay within the subsurface
suggest that multi-generational illuviation of these clays have significant impact on soil-
pore water pathways. Morphological and geochemical translocation data show that
significant pedo génic clay accumulation persists down to the bedrock contact.

7.3 Conceptual model for carbonate-derived soil genesis

Based on the findings of this research, a conceptual model was developed for the
formation of carbonate-derived soils (Fig. 25). This model identifies a polygenetic
pathway and at least five stages of residuum development:

Stage 1: :Development of residual soil on non-Mascot Fm. bedrock (possibly
stratigraphically overlying Chickamauga Group) begins, which is characterized by

lowering of the bedrock due to chemical weathering and in-situ clay formation.

Stage 2: ‘Disruption of original soil formation due to erosion. Landscape



Revised 2-D Soil Genesis Model

1 2 3
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Figure 25: Conceptual 2-D model for the polygenetic formation of carbonate-derived
residuum and soil genesis based on the finding of this research. At least 5 stages of soil
development are proposed: 1) onset of in-situ residual soil development on non-Mascot
Bedrock, 2) erosion and incorporation of residual soil with Mascot-derived residuum, 3
burial of residual so1l by colluvial materal, 4) dynamic geomorphic surface with alluvial
deposits, and 5) advanced Ultisol pedogenesis.
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instability and subsequent development of sinkholes within parent bedrock exacerbates
erosion rates in areas of close proximity to active sinks, resulting in the incorporation of
residual soil with Mascot-derived followed by soil development.

Stage 3: @ontinued disruption of original soil formation due to erosion and later
influx of colluvial material, filling in topographic lows and burying the residual soil. Soil
development begins again and early stages of thick, clayey Bt horizons gradually
accumulate.

Stage 4. éontinued chemical weathering, in-situ clay formation and lowering of
bedrock work in t:andem with illuviation and lessivage of pedogenic clay derived from
uppermost horizdns, which are replenished by additions of colluvium and alluvium. Later
stages of thick soil development and significant pore occlusion occur at depths below 2-3
m. -

Stage 5: Modern pedogenesis overprinting, or “blurring” of boundaries between

genetic units resulting from advanced Ultisol development and maturation during the

Middle to Late Hrolocene.



8.0 CONCLUSIONS

Morphological, textural, geochemical and mineralogical data indicate a
polygenetic origin for the genesis of Ultisols and carbonate-derived residuum. Based
upon data that include mass-balance calculations for strain (volume change) and
translocations of clay-constituent elements, relative to TiO,, it is apparent that the Mascot
Dolomite is the primary parent material for these soils. However, much clay has been
introduced and translocated during soil genesis that would require weathering of very
significant thickness of dolostone bedrock. It is interpreted that illuviation and lessivage
of pedogenic clay from multiple colluvial additions, in conjunction with in-situ clay
formation, cooperatively govern the genesis of soils developed on carbonate bedrock.
Boundaries between genetic units within the soil residuum and overlying colluvium have
been blurred by advanced Ultisol pédogenesis, but are still detectable upon close
inspection.

Related studies on advanced Ultiso~1 pedogenesis ;uggest hundreds of thousands to
millions of years required for their development (Birkeland, 1984; Retallack, 2001). The
significant maturation of this residuum may have allowed for s6i1 éenesis to span
intervals of dynamic landscape changes. Recent literature has proposed that periods of
landscape instability characterized by colluvial/alluvial activity was common during the
Early Holocene, with the landscape becoming more stable and accompanied by intense

pedogenesis throughout the Middle to Late Holocene (Driese et al., in press).
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9.0 SUGGESTIONS FOR FUTURE RESEARCH

In order to better quantify the time for development of Ultisols, 1C age dating
should be perfornuled on a sample at or slightly below 964 cm depth within borehole 1. If
the age of the organic material exceeds the range for 14¢, then the horizon is clearly a
paleosol, and furthermore confirms that the residuum is almost entirely derived from
polygenetic inputis of parent materials. Another suggestion for future research includes
the possibility of 'advanced provenance fingerprinting using neodynium isotopes of
possible source rocks, such as the stratigraphically overlying Chickamauga Group. To
better identify rel;ct surfaces, total organic carbon (TOC) could be measured and plotted
with depth. Because the Ultisols present at the Strong Farm are relatively low in organic
content, subtle in;:reases in TOC may be easily recognizable. Additionally, entire

micromorphological, geochemical, and clay mineralogical analyses should be performed

on the remaining core material.
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Appendix A: Macromorphology

Borehole 1

BOREHOLE | DEPTH | HORIZON
(cm) :

COLOR
(molist)

COLOR
(mottles)

TEXTURE

DESCRIPTION

Bl 0-14 Ap 10YR 4/2

gcl

grass and fine roots, chert gravel are 1 to 5 cm (< 30%),

abrupt surface boundary (anthropogemc fill)

Bl 14-26 AE 10YR 4/3

sl

fine (<1cm) and dissemunated chert fragments (<15%)

B1 26-47 BE 10YR 472

scl

Mn-oxide concretions (<1cm), gradational boundary to Btl

Bl 47-57 Btl 10R 4/6

c

Mn-oxide concretions (mostly <lmm, some <0 Scm), sharp
contact with very fine-gramed sandy zone, vf-fand dissemnated

chert fragments

Bl 57-59 Btl

Interbed

5Y 8/ 5Y 6/6

vis

1od

gmatic ongin, p le fluvial or pedogenic ongin,
region 1-2 cm sur g fine-med gramned sands

B1 59-233 Bt2 10R4/8 | 10YR 7/6 (10%)

dissemunated Mn-oxide concretions/particles, highly weathered
chert fragments at 101 & 125 cm (<1mm 75%, <lcm 25%),
yellowish-orange mottles ~2-5¢cm & concentrated

at 115-118 cm & 145-155 cm, presence of Mn-oxide fades out
|and 15 lost at ~110 cm, sharp contact with organic-nich layer

Bl 233-239 B2

Interbed

10YR4/3 | 5YR6/8 (15%)

mosc

'med gramed sands are well-sorted with some organic matter, vff
roots, Mn-oxide concretions (<3mun), chert fragments (<2-3cm),
munor mottles (~5%), sand grams are concentrated at base of

organic matter

B1 239-367 Ba3 25YR4/8| 75YR 6/8 (20%)

munor to no chert except at 286-290 cm (mod weathered
fragments <4 cm across), mottled region with redox features
surrounding (<1cm) chert fragments, wavy sharp contact with

underlymg organic-rich zone

B1 367-370 Bt3

interbed

10YR 4/3

vfol

siity-fine gramed sands are mixed dolomite & well-rounded qtz ,
of angul (<15%), fine-subangular

P 5!

blocky ped structure, black chert (minor), possible fragipans

Anl I

B1 370-470 Bt3 25YR4/8| 75YR6/8 (20%)

nunor to no chert until 418 cm and lower (<1 cmand
concentrated 1n thin bands <2 cm), mottles scattered throughout,

Mn-oxide limng ped faces

Bl 470-591 Bt4 25YR4/8| 75YR6/8 (20%)

10R 3/4 (10-15%)

|sumilar to above but also contains red mottles & overall more
pervasive motthng, chert fragments (<5-10%) and Mn-oxide
concretions (~5%) are < 1 cm (rare chert ~3cm),

some chert and ped faces hned with Mn-oxide, sharp contact with
underlﬂgg sandx layer

B1 591-602 B4

Interbed

25Y 74

)

fin d sands, d to very weakly cemented,
emgmatic ongin, possible fluvial or pedogenic ongimn, also possible

Bl 602-707 Bt5 25YR3/6| 10YR8/8 (25%)

7 5YR 6/8 (15%)
25Y 5/3 (10%)

sic

sandstone interbed ongin
Iheavnly mottled, black chert (<10%, <1 cm), nmunor Mn-oxide
concretions (<3 mm), ~625 cm possibly luted

bedding (saprohte interbed- ?), sh£2 contact w/ underlymng sands

707-709 75YR4/4

ﬁ

f-msc

presence of micaceous material, friable to shightly cemented,
emgmatic orgin

Bl 709-964 Bt6 75YRG6/8] 75YR 4/4 (20%)

2 5YR 3/6 (20%)
10YR 8/8 (20%)

sinnlar to BtS but with major gray chert fragments/interval at 715-

722 cm (< 4 cm), whate-gray kaolinitic (?) clay on ped faces

and surrounding chert, Mn-oxide pervasively limng ped faces (~5%),
luted bedding (saprolite interbed- ?) with kaolumtic zones

2-5 mm thick

B1 964-1058 BC 25Y4/4 75YR6/8

2 5YR3/6

|slightly greenish-brown moist clay, mmnor angular chert, some
chert with silty rinds, munor dolostone/lmestone (<1 cm),
dissemmnated Mn-oxide (<2%), surface of core plug at 1056-1058
cm depth contain thin coat of sitly-vfg dolonutic/hme sands
(effervesces with acid)

Key to textural classes: vf- very fine-grained, f- fine-grained, m- medium-grained, c-
clay, si- silt, s- sand, g- gravel, 1- loam, o- organic.
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Borehole 2

BOREHOLE

DEPTH
(cm)

HORIZON

COLOR
(moist)

COLOR
(mottles)

TEXTURE

DESCRIPTION

B2

0-12

Ap

10YR 472

sl

grass and fine roots present, mmor chert (< 5 cm),
gradational contact with underlymg Ae honzon

B2

1241

AE

10YR 3/3

cl

fine roots present, mmor chert (< 5 cm), gradational
contact with underlymg Be honzon

B2

41-92

BE

10YR 3/4

sicl

fine roots present, munor chert (<2 cm & some diss-

emmated), Mn-oxide Immg ped faces & dissenmnated (2-5%),
gradational change to stlty clay (10YR 4/6) with shightly lugher
chert & Mn-oxide (5-10% each), gradational contact with under-
lymg Bt horizon

B2

92-182

Btl

SYR 4/6

chert fragments present (5%, hight gray to winte, mostly diss-
emmated, <1 cm, mod.-deeply weathered), Mn-oxide

lmng ped & chert faces also found as small concretions (<5%,
<2 mm)

B2

182-336

B2

SYR 4/6

7 5YR 6/8 (15%)
10R 3/4 (10%)

sumlar to Bt; but with associated mottles, 7 5YR 6/8 mottles
quickly grades mnto more reduced color (10YR 6/6), sigmficant
chert zones at 251-254, 264-267, 298-300, & 307-310 cm (<2 cm)
, mmor Mn-oxide lming ped faces, overall gradational

contact with Bty

B2

336-390

B3

SYR 4/6

10YR 6/6 (25%)
10R 3/4 (15%)

sumiar to Bt, but with different mottling, chert fragments sinular to
above but only mod. weathered, gradational contact with Bt,

B2

390460

Bt4

SYR 4/6

10YR 6/6 (40%)
10R 3/4 (20%)

simlar to Bt; but vylth different motthng, sigmficant chert zone at

392-396 cm (<2 5 cm)
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Borehole 3 ‘:

BOREHOLE | DEPTH | HORIZON | COLOR COLOR TEXTURE DESCRIPTION
(cm) . (molst) (mottles) !
B3 0-20 Ap/AE 5YR3/3 \ csl grass and fine roots present, chert fragments (rounded & sub-

[ ' |angular with some occurnng as cauliflower chert, up to 1 cm

| across), Mn-oxide present as mfillmgs withm cauliflower chert &

; as concretions (< 4 mm), gradational contact with under-

lymng Bt; (no obvious BE horizon)

B3 20-98 "Bu 10R 4/6 7 5YR 6/6 c very fine roots present, mostly dissemmnated chert (munor; <2 mm),
. Mn-oxide concretions (munor; < 2mm ), clay

' gradationally becomes denser, sigmficant chert layer at 98-101 cm
(<2 cm , 20%, mod. weathered) with mottles surrounding

zone, Mn-oxide gradationally not present at 98 cm)

B3 98-220 B2 10R 4/6 5Y6/4 (20%) c sumlar to B¢, but with mottles present, SY 6/4 mottles shows
! 7 5YR 6/6 (10%) evidence of redox depleted conditions
: 2 5YR 3/4 (10%)
B3 220-344 1 B3 10R 4/6 5Y 6/4 (35%) c sumlar to Bt, but with different mottling, cherty zones at 250-254
' 7 SYR 6/6 (10%) (mod.-deeply weathered, <1 5 cm ), 302-307(shghtly-mod.
‘ 2 5YR 3/4 (10%) weathered, same size), & 315-338 cm (mod. weathered, <3 cm),
: red illuviated clay (mottle 2 SYR 3/4) up to 20% at ~250cm
B3 344-504 | Bt4 10R 4/6 | 2 5YR 3/4 (25%) c similar to Bty but with different mottling, mmor Mn-oxide con-
5Y 6/4 (25%) cretions & linmg ped faces (<3mm) occurrmg mostly adjacent to
7 SYR 6/6 (10%) deeply weathered chert fragments (<2mm), cauliflower chert

‘ fragments at 437-441 & 456-459 cm (<2 cm across, one with
% drusy quartz crystals), sharp contact at 504 wath illuviated red
! clay "plume” heavily concentrated above contact

B3 504-505 ' Bt4 10YR 4/3 sl wavy contact with over/underlying horizons, brown loamy matenal
Interbed appears shightly cemented and contams subrounded "soil" clasts,
‘ clasts left undisturbed for future petrographic analysis (B3-P1)
B3 505-575 I Bt4 10R 4/6 | 2 SYR 3/4 (25%) c similar to Bt,, major chert fragments/communuted mterval at 545-
, 5Y 6/4 (25%) 558 cm (<2 ¢cm , mod.-deeply weathered) with presence of
' 7 5YR 6/6 (5%) fine gtz sand within surrounding 1 cm clay matrix (10YR 7/3)
10YR 7/3 (5%)
B3 575-586 BtS 10R 4/6 sc zone of f-m gramned, rounded qtz sandy clay 1s same color as

B3 586-665 Bt6 25YR4/8| 2 SYR 3/4 (15%) sc sandy clay pockets present (sumlar to above, ~2 cm wide, 10-15%)
10YR 7/6 (15%) , chert frag- ments scattered (5%, mod. weathered), Mn-oxide

(<1 cm ) & hnmg ped faces, chert fragments, &

| |sandy pockets
B3 665-710 "'Bt7 25YR4/8| 10YR 6/8 (50%) c thin (1-3 mm) wavy-concentric bands of mottles, mottling 1s more

f orgamzed/structured with mcreasing depth (possibly showing
|

T
| domunant clay, no mottling 15 present around region
|
I

convoluted beddmg (saprolite mterbed- ?), Mn-oxide same as
above

B3 710-724 B8 25YR4/8]| 5YR 2 5/1 (30%) c overall browner, much wetter clay, Mn-oxide lmmg ped faces/

| mottled surfaces (15%) dational contact with underlymng clay
B3 724-730 , B9 SYR25/1| 2 5YR 4/8 (30%) c [ncreasingly brown color; Mn-oxide hning ped faces/ mottled

| surfaces (10%)
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Borehole 4

BOREHOLE | DEPTH { HORIZON | COLOR COLOR TEXTURE DESCRIPTION
(em) (moist) (mottles)
B4 0-9 Ap 10YR 372 gsl gravelly silt loam, grass and fine roots, chert gravel <1 5 cm
across (cauliflower chert also p ), gradattonal with Ae
B4 9-18 AE 10YR 4/4 sl fine & very fine roots, dissemnated chert (< 1mm), gradational
contact w/ BE
B4 1846 BE 10YR 5/6 sC very fine roots (near top), chert fr: ts nclud hflower type
(< 0 5 cm, mostly disseminated, deeply weathered, <5%),
Mn-oxtde present as concretions (<2mm, < 5%) and as complete
mfillings w/in cauliflower chert, gradational contact with Bt, (onset
of very high concentration of red illuviated clays)
B4 46-60 Btl 10R 4/6 c clay, homogenous and dense, minor chert fragments (<3mm,
deeply weathered)
B4 60-61 Interbed |7 5YR 5/6 vfgsst  |no presence of micas, vfg sands are very well-rounded & sorted
B4 61-78 Btl 10R 4/6 [ |same as Btl
B4 78-79 Interbed |7 SYR 5/6 vigss |no presence of micas, vfg sands are very well-rounded & sorted
B4 79-363 Bt2 IOR 4/6 10YR 6/6 (10%) c simular to Btl, but with mmor dissenunated chert, mmor Mn-oxide
10R 3/4 (5%) concretions (<2mm , mostly dissenunated), mottles are
d, chert fragments mostly hmited to 231-232 cm, 315-317
cm, and 331-333 ¢cm (mod -deeply weathered, <lcm), Mn-
oxide gradationally not present @ 185 cm)
B4 363-494 Bt3 10R 4/6 7 5YR 6/8 (20%) c siular to Bt2, significant chert interval marks contact w/ Bt; & may
2 5Y 7/6 (15%) suggest colluvial deposit due to p & sign of Mn-oxide
10R 3/4 (5%) (most Mn-oxide found 1n BE + Btl horizons in other cores, <4mm
» 5-10% near base of 363-376 cm chert mterval), other chert
fra are d (<0 S5cm , mostly dissemmated),
sharp contact with Bt, clay gradually becommng wetter w/ depth
B4 494-572 Bt4 25Y7/6 75YR 6/8 (15%) c clay with thick (<1cm) wavy zones of kaolimtic-like clays, Mn-oxide
10R 4/6 (10%) present as thin lmings on ped faces & also disseminated, clay
10R 3/4 (10%) gradually becomng wetter w/ depth
2 5Y 8/3 (10%)
B4 572-590 Bt5 75YR 6/8 S5YR 4/6 (25%) visc sandy clay, vfig nghly oxidized quartz sands, significant chert
10R 4/6 (20%) interval from 590-593 em (<2cm , shghtly weathered), sands
2 5Y 7/6 (20%) only occur as pockets or disseminated within horizon (25% of
10R 3/4 (10%) horizon 1s vig sands), < 5% Mn-oxide concrettons (<2mm)
and lming ped faces, sharp contact with Bt6, sands are well-sorted
and rounded
B4 590-645 Bt6 25Y7/6 7 5YR 6/8 (35%) c Sumular to BtS, lacks kaolnite, 5-10% Mn-oxide lmmng peds and
concretions (<3mm) & dissenunated, lacks vfg sands, sharp
contact w/ chert frags /interval @ 645 cm
B4 645-765 Bt7 10R 4/6 10R 3/4 (20%) sc T mto darker/redder colors 11, kaol zone @ 677-
2 5y 4/4 (20%) 680 cm mixed with brown clay and w/ nind of vfg-sandy clay (same
7 5YR 6/8 (10%) as 572-590 cm) and an outermost rind of Mn-oxide (<2mm), chert
frag (<0 5cm, mostly disseminated, very deeply weathered),
Mn-oxide present iming peds and pore walls (<3mm thick) and as
concretions (<3mm), wavy-sharp contact w/ Bt8
B4 765-831 Bt8 25Y4/4 10R 4/6 (15%) ges Much browner overall, thick (<0 Scm) seam of kaolinite @ contact,
5Y 6/2 (10%) |scattered chert fragments (10-15%, deeply weathered) often
containing coat of kaolimte (<2cm), sharp contact w/ Bt9
B4 831-863 Bt9 25Y6/6 | 25YR4/6(10%) c Sigmficant chert interval from 831-838 cm (shightly-mod. weathered,
10R 3/4 (10%) <3cm), gradational sandy contact w/ Bt10
10YR 7/6 (10%)
S5YR 5/8 (5%)
B4 863-874 Bti0 25YR4/6 5YR 5/8 (25%) cs Clayey-sand, sands are med -gramned (80% sands, 20% clay) and
2 5Y 6/6 (20%) well sorted +rounded, sands show oxidized color (red/orange),
10YR 7/6 (15%) nunor Mn-oxtde as seam w/in sands (<1mm thick), no micas
B4 874-880 Btll 25Y6/6 | 25Y 3/3(10%) gc Sharp contact w/ overlying Bt10, Blue-gray chert (<0 Scm) with
Gley 2 6/10B (10%) p of bluish-white kaol minor Mn-oxide lining ped faces
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Borehole 5

BOREHOLE

DEPTH
(cm)

HORIZON

COLOR
(moist)

COLOR
(mottles)

TEXTURE

DESCRIPTION

BS

0-11

Ap

10YR 372

gsl

Grass and fine roots, sub-angular blocky peds, dissemmated
chert (< 5%), gradational contact with AE

BS

11-23

AE

10YR 3/3

Fine-med. roots, dissemmated chert, gradational contact w/ BE

BS

23-63

BE

10YR 5/6

sC

Very fine roots near top, mostly disseminated chert w/ some
cauliflower vanety w/ mside completely filled w/ Mn-Oxide,
reg chert (< 1 cm) w/3 mm Mn-oxide rinds, Mn-oxide also
present as concrettons (<2mm), mmor red (Fe) concretions
(10R 4/8, <2mm), gradational contact w/ Bt

BS

63-131

Btl

5YR4/6

2 5Y 812 (10%)
10R 3/4 (5%)

Dissemmated chert, Mn-oxide concretions (< 1cm, 5%), Bt;
not as "red" as other cores' Bt;, wavy-sharp contact w/ Bt,

BS

131.148

B2

5YR 4/6

sC

BS

148-229

Bt3

SYR 4/6

SYR 5/8 (10%)
10R 3/4 (5%)

Stlty-clay simular to Bt,, fragments of vfg-sandstone/siltstone
(10YR 8/4) w/ NO micas and NO effervescence (<lcm),
dissemmated Mn-oxide / concretions (<1mm) w/m silty clay,
sharp contact w/ chert interval (148-150 mod. weathered)
Scattered chert frags (<1cm, mod.-deeply weathered, 5-10%),
Mn-oxide concretions (<0 Scm, 5%) and dissemmated, sharp

contact w/ mottled brown clay below

BS

229-237

Bt4

25Y4/4

5YR 4/6 (40%)
10R 3/4 (10%)

Greemsh-brown clay, dissemimated chert and Mn-oxide, sharp
contact w/ underlymg weathered dolostone frags. + silts (tan-
white, 2 5Y 8/1)

BS

237-251

25Y8/1

Mod.-deeply weathered dolostone fragments (<3mm) and silts,
effervesces w/ HCl acid, sharp contact w/ Btg

BS

251-294

Bt5

10YR 373

2 5Y 4/4 (15%)
SYR 4/6 (10%)

Greemish-brown clay, mostly dissenunated chert (some <3mm),
clay becoming more moist w/ depth, mmor red clay concretions
(10R 4/8), mottles are scattered and wregular, sharp contact w/ Bts

BS

294-312

Bt6

10R 4/8

10YR 3/3 (30%)
10R 3/4 (20%)

Dense clay, mmnor deeply weathered dolostone (almost clay-like,
<5mm, whitish-gray), mmor Mn-oxide concretions (<3mm), sharp
contact with Btg

BS

312-330

Bt7

10YR 3/3

10YR 3/3 (10%)
2 5Y 4/4 (20%)

Scattered dolostone (shghtly-deeply weathered, grayish-white,
<1cm), wavy-Clear contact with Bty

BS

330-350

Bt8

10YR 3/3

10YR 3/3 (30%)
10R 3/4 (10%)

Simlar to Bts, but with 5-10% deeply weathered bedrock, 5% Mn-
oxide, sharp contact with 2Cr

BS

350-368

Cr2

10YR 2/2

'Whitish-tan, deeply weathered dolostone bedrock w/ dolostone
silts, fragments are <4cm diameter, dense dark clay rind bordenng

contact (<0 Scm thick, 10YR 2/2)
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Borehole 6
BOREHOLE | DEPTH | HORIZON | COLOR COLOR TEXTURE DESCRIPTION
(cm) (moist) (mottles)

B6 0-15 Ap 10YR4/3 | SYR4/6 (15%) 1 Fine-med. roots, moderate-fine granular ped fabric

B6 15-35 Btl 25YR4/6| 75YR 6/8 (30%) c Fmne roots, moderate-fine subangular blocky peds,distnct clay
films on faces of peds and hining pores, chert fragments (whte-
gray, mod.-deeply weathered, 5%)

B6 35-110 B2 25YR4/6| 7 SYR 6/8 (40%) c Few very fine roots, subangular blocky peds, distinct clay films on
faces of peds, chert gravel, and lining pores, ~2% chert (same as
above), gradational boundary w/ Bt; (including color vanation)

B6 110-138 Bt3 10R4/6 | 10YR 7/8 (10%) c Subangular blocky peds, mmor mottling; < 5% chert gravels (mod.-
deeply weathered)

B6 138-196 Bt4 10R 4/6 | 10YR 7/8 (30%) c Subangular blocky peds, more pronunent yellowish mottles, ~5%
chert towards bottom (mod. Weathered, < 1 ¢cm)

B6 196-243 Bt5 10YR7/3 | 25Y 4/4 (20%) c Subangular blocky peds, more dynamic mottlng present, mmor

10R 4/6 (20%) dissemmated chert

B6 243-295 Bt6 10YR7/8 | 10R 4/6 (25%) c Subangular blocky peds, chert fragments (mod. Weathered, <15
cm ), saprolitic signature present from 250-260 cm

Borehole 7
BOREHOLE | DEPTH | HORIZON | COLOR COLOR TEXTURE DESCRIPTION
{cm) (moist) (mottles)
o7 0-9 Ap 10YR 4/3 gs Sub -angular blocky peds, grass + fine roots, scattered chert
chert fragments (<10%, <1cm) and disseminated, Mn-oxide
lining chert fragments, some chert w/ red clay coats

B7 9-16 AE 10YR 373 gsl Sub -angular blocky peds, very fine and fine roots, scattered chert

|_ (<20%), Mn-oxde same as above, clear-gradational contact w/ BE

B7 16-37 BE 10YR 5/6 gsc Very fine roots near top, significant chert interval @ 24-33 cm
(<3cm), scatterered chert fragments (<1 5cm) w/ some as cauli-
flower w/ Mn-oxide and red clay Infilings, minor red clay concretions
(<3mm, 10R 4/8), gradational contact w/ Bt,

B7 37-82 Bt1 5YR4/6 c |Scattered chert fragments (<1cm, 10%) and disseminated,
significant chert interval @ 82-86cm (<3cm, white, deeply
weathered, Mn-oxide concretions (<0 Scm, <56%) and disseminated

B7 82-133 Bt2 5YR4/6 | 5YR6/8 (10%) [ Similar to Bt,, but waithout Mn-oxide, minor disseminated chert

B7 133-302 Bt3 S5YR4/6 | 10R 3/4 (25%) [ Significant chert intervals @ 133-136 cm and 151-158 cm (<2cm,

10YR 6/8 (15%) |grayish-white, mod -deeply weathered), chert fragments @ 270-272
<1cm), clear-gradational boundary w/ Bty

B7 v 1302-341 Bt4 25Y7/8 | 5YR4/6 (30%) c Clay showing more reduced colors, no chert fragments or Mn-oxide,

10R 3/4 (5%) one small zone of kaolinite (1 cm’). clear boundary w/ Bl

B7 341-481 BtS 5YR4/6 | 10R 3/4 (15%) c Minor disseminated chert, Mn-oxide concretions (<3mm, <5%) and

2 5Y 7/8 (%) lining ped faces
B? 481-536 Bt6 5YR4/6 | 10YR 4/3 (35%) c |Swltered chert fragments (<icm, 10%, tan, deeply weathered),
10R 3/4 (5%) Mn-oxide lining ped faces (<3mm thick), sharp contact w/ Bt;
7 5YR 6/8 (5%)

B7 536-574 Bt7 5YR 5/8 c Significant chert interval @ 536-538 cm, no mottiing, very minor
disseminated chert, homogenous dense clay; gradational contact
with Bty

B7 574-589 Bt8 5YR 5/8 | 10YR 4/3 (30%) c Scattered and disseminated chert (<0 5cm, 5-10%, very deeply
weathered, Mn-oxide concretions (<2mm, <56%)and lining peds,
sharp contact with Bty

B7 599-655 Bt9 5YRS5/8 | 10R 3/4 (15%) c Significant chert interval @ 598-602 (<0 S5cm), minor scattered &

10YR 4/3 (10%) disseminated chert (<0 Scm, very deeply weathered), Mn-oxide
2 5Y 6/8 (10%) concretions (<3mm, 10%) and lining ped faces, no bedrock at
base of core
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Appendix B: Gravimetric Water Content for Boreholes B2-B3, B5-B7

B1 WATER CONTENT
% WATER
0 5 10 15 20 25 30 s

=

600

DEPTH (cm)

800

<
—

1000

1200

83



50

100

350

400

450

500

B2 WATER CONTENT

10

% WATER

84



DEPTH (cm)

100

200

300

500

600

700

800

B3 WATER CONTENT
% WATER

5 10 15 20 25 30 35

40

‘\'_\)

S
=

=
BN

85



B4 WATER CONTENT

% WATER

35

30

25

20

15

10

100

200

<
(=4
(o]

> (= (=
(=] S (=]
- wv -]

(wd) HLdAA

[
(=4
~

800

900

1000

86



BS WATER CONTENT

% WATER
) s 10 15 20 25
0 : ' l I
50
~ 100
)
e
:
8 150
200 \
250

87



Depth (cm)

100

200

w
[=1
(=]

400

500

600

10

B7 WATER CONTENT

% Water
15

20

35

88



Appendix C: Thin-section Micrographs

All thin-sections are 7.5 cm by 5 cm, images shown below are approximately 1:1.
Up orientation is towards the top of the page.
All images were scanned using a flat-bed scanner with transparency attachment.

Borehole 1

43-51 cm depth

Thin-section showing gradational boundary between
BE and Bt1 soil horizons.

Note common, large multigenerational Fe-oxide
concretions.

B1-P1-43-51

233-239 cm depth

Highly oxidized clay with loamy interbed possibly
representing surficial (A or BE) sandy loam infillings
. within a decayed root pore.

B1-P2-233-239
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B1-P3-367-373

B1-P4-554-562

367-373 cm depth, Soil Horizon Btl, silty clay
Possible loamy infilling within root pore,
pedogenic clay coloration and mottling clearly
showing active macropores.

554-562 cm depth, Soil Horizon Bt4, clay
Well-developed, Fe-rich pedogenic clay coatings.
Note weathering rim around perimeter of dolostone
fragments.
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B1-P5-595-602

B1-P6-671-678

. 595-602 ¢cm depth, Soil horizon ?, silty sand.
. Heavily mottled horizon composed largely of
. fine to med.-grained Qtz. sands and dolomite
'~ silts. Sands are sub. to well-rounded, as are

. common pedogenic clay papules. Note the

~ subrounded calcareous siltstone lithorelicts

toward the bottom left.

671678 cm depth, Soil horizon Bt5, gravelly
. sandy clay. Large fragments of moderately

weathered dolostone (similar to Mascot) that

grades downward into well-rounded f/mg sands.
~ Note the lighter colored, deeply weathered

sandstone lithorelicts directly above large

~ dolostone fragment in the middle.
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~ 707-714 cm depth, Soil horizon Cr
- Gravelly sandy clay.
Prominent features include many deeply
- weathered sandstone lithorelicts, zones of silt
- infillings and redox. mottling.

B1-P7-707-714

796-803 cm depth, Soil horizon Bt6

Gravelly silty clay. All RF and sand grains are
angular. Heavily mottled and convoluted bands
of multigenerational pedogenic clays and Fe-
oxide coats. Angular ped. clay papules and vfg
-sandstone lithorelicts.

B1-P8-796-803 " il \



B1-P9-979-986

B1-P10-1023-1030

979-986 cm depth, Soil horizon Cr2

Gravelly silty clay.
Note the horizontal relict bedding of deeply

. weathered shale and siltstone lithorelicts.

. Deeply weathered plant material / root traces.
- RF include coarse-equant dolostone and

- oolitic/pelloidal dolostone.

1023-1030 cm depth, Soil horizon Bt7

Clay

This may represent BE horizon (toward top) and
transition into Bt1 of the true soil residuum.
Very clay-rich, common RF, few root traces and
burrows with dolomite silt + silt/vfg- Qtz.
infillings, presence of fecal material
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Borehole 2

~ Clay loam
- Fine and very fine roots and common, large
- multigeneration Fe-oxide concretions.

B2-P1-29-37

- 412-417 cm depth, Soil horizon Bt4

Clay

Dense homogenous clay with some near

horizontal bands of very deeply weathered

| siltstone lithorelicts and thick bands of pedogenic
clay.

B2-P2-412-417 w8 \.‘A:‘;» 3. 55 94



Borehole 4

B4-P1-3-10

B4-P2-44-52

3-10 cm depth, Soil horizon A
. Loam

Abundent vermiform and insect fecal material

~near top of slide.

44-52 cm depth, Soil horizon BE + Btl

Silty clay

Very few very fine roots near top, common
dessication cracks, macropores quickly become
occluded with pedogenic clay below contact.
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B4-P3-572-580

B4-P4-598-606

572-580 cm depth, Soil horizon Bt5

Gravelly sandy clay

Common dessication cracks, extensive multi-
generation pedogenic clay coats on pore walls,
ped & grain faces. Note deeply weathered
sandstone saprorelict near top.

598-606 cm depth, Soil horizon Bt6

Sandy clay

Slightly convoluted layering (relict bedding ?),
RF include deeply weathered shale lithorelicts
and Mascot-like dolostone.
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B4-P5-813-820

B4-P6-873-880

813-820 cm depth, Soil horizon Bt8

Gravelly clay

Significant RF’s that include deeply weathered
shale lithorelicts and Mascot-like dolostone,
some pores/grains/shale lithorelicts coated w/
kaolinitic cement, ped. clay coats, and thick
Fe-oxide coats.

873-880 cm depth, Soil horizon Bt10 + Btl1
Clayey sand

Overall greener, drab coloration of clays,
sands are med.-coarse grained, moderately to
well-sorted, and well-rounded, sharp contact
b/w Bt10 and Bt11 (gravelly clay).
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Borehole 5

235-243 cm depth, Soil horizon Bt3 + Cr
Gravelly clay

Heavily mottled with common dissication
cracks, Fe-oxide coats, hypocoats and small
concretions, sharp contact with basal (fine-med.
grained) Mascot Dolostone bedrock with thick
multigeneration pedogenic clays directly above.

B5-P1-235-243

Mascot Bedrock

" qk'\- -

Fine to medium grained dolostone w/ some coarse-grained dolomite spar-filled cements,
minor pedogenic clays filling macropores, few Fe-oxide cements along intergranular
grain faces and pore walls.
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Appendix D: Particle Size Analysis

1LD. | DEPTH HORIZON Ps Total Sample | Sand Fraction | Silt & Clay Clay % Clay % * 0.01
(cm) Wcm:l) Wtﬁ) Wt. ® Frac. Wt ® of XDC Solution
B1-1 10 |a 2.67 14.998 5.192 9.806 6175 0.6775
[B14 40 |Be 273 15.006 3.1 11.896 50.35 0.5035
[B1-s 58 [Sandy Interbed 2.63 15.008 292 | 12088 64.4 0.644
[B1-9 190 [Be 272 14.992 0.528 14.464 %.3 0.903
(117 | 05 [me, 2.78 15.002 0.406 14.596 94.1 0.941
(122 | 407 B 277 15.001 0.20 14.796 81.75 0.8175
[12s | s7  [me 274 15 2016 12.984 83 0.83
[B1-31 595 |Sandy Interbed 2.56 15.003 8.199 6.804 59.9 0.599
(13 | ss e 271 14.995 1.562 13.433 89.6 0.896
[1ar | &5 [Be 2.90 14.996 0.16 14.836 77.6 0.776
[B1-so | 1050 [Bes 2.69 15.003 1.045 13.958 68.75 0.6875
[B4-1 10 |a 2.64 15.00 3.93 11.075 45.7 0.457
[B43 30 [Be 2.91 14.1874 327 10.9174 4.5 0.475
[B4-s 60 [sandysiit int. w/ Bty 2.65 14.993 1.573 13.42 76.5 0.765
[B4-11 180 [Bts 272 14.998 0.207 14.791 711 0.711
[B423 | 425 Bt 3.09 14.913 0.671 14.242 73 0.73
[Ba27 | s10 [Bes 2.67 15.005 0.116 14.889 68.5 0.685
[B432 | 610 [Be 2.94 12711 1922 10.789 68.85 0.6885
[B436 | 690 |B 275 15.004 0.21 14.794 86 0.86
|B4-42 810 [Bt .12 14.948 0.523 14.425 55 0.55
[Bads | ss0 [Bes 2.81 15.08 0.209 14.871 74.9 0.749
|B4-45 870 |Clayey sand 2.74 15.017 5.186 9.831 61 0.61
[Bs4s | 880 [Bti 2.66 14.997 4.454 10.543 4.7 0.4475
after 2mm sieve
Silt Fraction Clay Fraction Sand Silt Clay Total | Cum Clay | Cum Silt Cum Sand
Wt (2) Wt () Fraction % | Fraction % | Fraction % + Clay + Silt + Clay
3162435 6.643565| 34.62 21.09 44.30[ 100.00 44.30] 65.38] 100.00|
5.906364 5.989636| 20.73] 39.36 39.91] _100.00] 39.91 79.27 100.00]
4.303328 7.784672 19.46 28.67 s1.87] 100.00] 51.87 80.54 100.00]
1403008 13.060992 3.5 9.36 87.12] 100,00 87.12 96.48 100.00|
0.861164 13.734836 271 5.74 ov.ss| 100.00f 91.55| 97.29 100.00|
270027 12.0573) 137 18.00 80.63| 100.00] 80.63 98.63 100.00|
2.20728 1077672 13.44 14.72 71.84] 100.00] 71.84 86.56 100.00|
2728404 4.075596 54.65| 18.19 27.07] 100.00] 27.17 45.35| 100.00]
1397032 12.035968) 10.02| 9.32 80.27] 100,00 80.27 89.58] 100.00]
3.323264 11.512736| 1.07 22.16 76.77| 100,00 76.77) 98.93 100.00]
4.361875 9.596125] 6.97 29.07 63.96] 100.00] 63.96 93.03 100.00
6.013725| 5.061275| 26.19) 40.08 33.73] 100.00] 33.73 73.81 100.00|
5.731635 5.185765 23.05| 40.40 36.55| 100.00]  36.55] 76.95) 100.00]
3.1537) 10.2663 10.49] 21.03 68.47] 100.00] 68.47| 80.51] 100.00]
4.274599 10.516401 1.38] 28.50 70.12| 100.00] 70.12] 98.62] 100.00]
3.84534 10.39666| 4.50| 25.79 69.72] 100.00] 69.72] 9.50| 100.00]
4.690035 10.198965| 0.77] 31.26 67.97] 100.00f 67.97) 99.23) 100.00|
3.3607735| 7.4282265) 15.12] 26.44 s8.44] 100.00f 58.44 84.88 100.00|
207116 12.72284) 1.40] 13.80 84.80] 100.00 84.80 98.60 100.00|
6.49125| 7.93375| 3.50] 43.43 53.08] 100.00] sa08] 9650 100.00|
3.732621 11138379 1.39| 24.75 73.86] 100.00] 73.86] 98.61 100.00|
3.83409 5.99691 34.53] 25.53) 39.93] 100.00] 39.93] 65.47) 100.00|
5.8250075| 4.7179925| 29.70] 38.84| 31.46] 100.00] 31.46| 70.30| 100.00|
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Clay vs. Pb

Particle Density
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Particle Size Analysis Method and Protocol

[Schultz’s Handy-Dandy Guide for a Detailed

Particle Size Analysis Using an X-Ray Disc Centrifuge (XDC)]

MATERIALS NEEDED (after preparation of samples):

1) Pipette with Tygon tubing attachment

2) Kimwipes for proper disk cleaning and drying (do not use abrasive paper!
This will scratch and damage the disk)

3) 2 beakers for flushing/cleaning out disk between sample runs

4) Geiger counter and clip-on dosimeter

5) Zip disk for recording data

PREPARATION OF SAMPLES:

1) Mortar and Pestle sample; weigh total (standard 15 g)

2) Pass through 2 mm sieve; weigh retained material

3) Material passing through:
-Add chemical dispersant, i.e. Na-hexametaphosphate (0.75 g for 15 g
sample) and 150 mL DI water
-Physical dispersion (Sonification) for 2 % min. at 33%

4) Wet sieve using 53 pm and distilled water

5) Oven dry and weigh retained material (sand fraction)

6) Dry sieve sand fractions if desire detailed sand distributions

7) Subsample at least 30 mL of suspension for PSD using BI-XDC

8) Oven dry remainder of suspension for measurement of Particle Density
(~10g needed using Pycnometer method)

9

Reg:ord Ps

° Note- No two samples are the same!!! The XDC requires 25 mL
sample solutions at concentrations of 0.5-5.0 % by volume. Samples
containing greater Fe, Ti, Mn will require more dilution (~0.5%) than
those containing lesser amounts (~5.0%). This is because Fe-enriched
soils/samples typically have higher Ps than Fe-poor samples; samples with
higher Ps have greater attenuation of the X-rays, thereby requiring lesser
concentration levels to achieve an 1deal 0.3 Volt separation between the
upper and lower baselines measured on the XDC.
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RUNNING A SAMPLE ON THE XDC:

1)

2)
3)
4)
5)

6)

7
8)

9)
10)

11)

An ideal protocol for running samples on the XDC involves 2 sets of
measurements in X-mode (centrifugal mode):

-Set 1: X-mode running for 5 min. @ 1000 rpm yields range ~ 4.3-0.27
pm

-Set 2: X-mode running for 80 min. @ 7000 rpm yields range ~0.6-0.01
pm

° Note- this protocol is good for samples having Ps ranging from
2.40-5.00
(Increase in Ps = Increase in Lower Diameter range & Decrease in
High Diameter range)
Double-click on Brookhaven desktop icon to begin soﬁware
Power on XDC (switch in back)
If first run of day, inject 10 mL of distilled water in disk for Upper
Baseline measurement
Press “Head” button with left and right arrows to slide X-ray detectors into
place
Turn on X-ray tube by turmng key on panel from “off” to “on’ pos1t10n
and let warm up for 30-45 min. (always make sure distilled water is
present in disk before powering on X-rays)
Press “clear” on the window for the PSD software (this ensures a new
sample will be run)
Click on “Parameters” and set the appropriate sample 1.D., mode, Ps, etc.
and click “save”
Click “start” to begin measurement
A window will pop-up with instructions for loading the sample

° Click “start” to measure upper baseline (10 mL of distilled water
should already be loaded)

° If multiple samples are to be run in the same day, you can save the
upper baseline and load it for the additional samples

o Click “continue”; a new window appears = remove 10 mL distilled

water with pipette and dry disk

o Next load 25 mL of sample after thoroughly shaking/mixing and
press “mix” on the XDC panel

° After mixing for about a minute, press “start” to begin
measurement of lower baseline (Note- there should be roughly 0.3
V difference between the upper and lower baselines)

o The window will inform you to press “mix” again to stop mixing;
as soon as disk stops turning press “start” on either the XDC panel
or on the current window to begin measurement

When sample measurement is complete, press “motor” to stop disk
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https://2.40-5.00
https://0.6-0.01
https://4.3-0.27

12)

13)

14)

15)

16)

Press “head” to move X-ray detectors back in to allow for sample removal

o Note- when running a second mode (i.e. 5 min. first, then 80 min.

second), do NOT remove sample; Instead, press “clear” on the

main software window and update the parameter settings such as
| runtime, RPM, LD. #, etc.

Open door on XDC front panel and remove disk plug; using pipette suck

out sample (this “used” sample may be retained for future analyses if

desired)

Flush out the disk with a series of distilled water blanks and press “mix”

on'panel; when disk is completely clean, use Kimwipes and dry

thoroughly

Close door on panel and turn key from “on” to “off” position to power off

X-rays

Power off instrument (switch in back) and software, and return Geiger

counter and dosimeter

MERGING DATA FROM TWO RUNS:

1) On main software window, click “merge” and select the desired files for
merging (while holding down the “Ctrl” button, you may select up to two
files to merge)

2) A new window will open asking for “auto-merge” or “manual-merge”; I
use the auto-merge to combine data from the two runs

3) On main software window, click “file”, “database” to view the merged
data

EXPORTING DATA TO EXCEL:

1) Clear any present PSD data if you have just finished running a sample

2) Oq main window, click “file” and then “database”

3) When new window pops up, highlight sample of interest and click “export
files” and save file to zip disk or hard drive

4) Open Microsoft Excel

5) Click “open” and select sample file (file saved as .dat)

6) In Text Import Wizard window, select “delimited” and click next; use a
comma as the delimiter and click “fimish” (data is now delimited and in
excel file format)

7 Compare data in excel with data in Brookhaven software to identify any

unknown numbers and ensure successful exportation of data
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HELPFUL HINTS:

1)

2)

3)

4)

5)

The XDC provides a very accurate method for acquiring particle size data.
By providing detailed results that include cumulative distribution graphs,
one can determine the percentage of clay in the suspension and then back-
calculate to attain the overall sand/silt/clay fractions.

Although this method works well for my carbonate derived clay-rich
samples, there are other protocols to be explored that may be more
effective for other soil types. For example, different modes (i.e.
gravitational) and combinations of parameters (i.e. RPMs, duration of time
interval, etc.) can allow for different ranges of results. You can play
around with different parameters and use the “modeling utility” button on
the main window to estimate the range of particles sizes to be measured.
Do not discard your solutions!!! The solutions can be saved and re-used
for later investigations if desired.

Although this guide should help first time users, it should be used in
conjunction with the owner’s manual to ensure that no damage is done to
the instrument.

If you have any questions feel free to contact author at:

bschultz@utk.edu
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Appendix E: BULK DENSITY (Pb), PARTICLE DENSITY (Ps) and BULK
POROSITY DATA

Bulk density calculated using the wax clod method. Particle density calculated using the
pycnometer method.

Equations (Blake and Hartge, 1986):

Bulk Density [Pb] = Ws/(Wsww - Wbw) - (Wsw — Ws))
Where:

Ws = Weight (g) of oven-dried clod in air

Wsww = Weight (g) of sample + paraffin in water

Wbw = Weight (g) of beaker w/ 550 mL water
Wsw = Weight (g) of sample + paraffin

Sample + String [Sample + String + |Wt. (g) In |Beaker wt. (g) w/

B1 Wt. (g) Wax Wt. (g) Water) 550 mL Pb
B1-4 13 36 16.67 784 56 773.7 1.77
B1-5 45.26 52.27 805.44 773 7 183
B1-9 59 82 70 87 819 18 773.7 174
B1-17 37.73 47.55 807.69 773.7 156
B1-22 19 65 24.37 790.22 7737 167
B1-28 20 86 29.22 796.24 773.7 147
B1-31 29 52 36 800.1 773.7 148
B1-34 1145 15.87 785.86 773.7 148
B1-41 28 52 34 55 799.33 773.7 146
B1-50 16 65 2193 789 49 773.7 1.58
B4

B4-1 48 47 53.57 804 43 773.7 1.89
B4-3 3055 34 66 792 46 773.7 2.09
B4-5 1991 24.13 788 64 773.7 186
B4-11 24.87 31.6 794.84 773.7 1.73
B4-23 34 66 40 16 799.21 773.7 1.73
B4-27 45 64 5255 808.21 773.7 1.65
B4-32 7.29 9.2 779.57 773.7 184
B4-36 4177 47.72 805.06 7737 164
B4-42 15 08 17 87 784.41 773.7 1.90
B4-44 17 88 21.18 787.35 773.7 1.73
B4-45 21.83 29 96 794.33 773.7 175
B4-46 26.02 31.71 794 74 773.7 1.70
MD. | 40.49| 50 31{ 797 57| 773.7]  2.88
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Bulk porosity calculated using bulk density (Pb) and particle density (Ps) data, whereby:

100%*(1-(Pb/Ps)) = Bulk Porosity

Sample L.D. | Depth (cm) | Pb | Ps % Clay Bulk Porosity (%)
B1-4 40 177 |273 40 35
B1-5 58 1.83 |2.63 52 30
B1-9 140 1.74 |2.72 87 36
B1-17 305 1.56 |2.78 92 44
B1-22 407 1.67 |2.77 81 40
B1-28 527 147 |274 72 46
B1-31 595 148 ]2.56 27 42
B1-34 655 1.48 12.71 80 45

| B1-41 815 146 |2.90 77 50
B1-50 1050 1.58 |2.69 64 41
B4-1 10 189 |2 64 34 28
B4-3 30 2.09 1291 37 28
B4-5 60 1.86 ]2.65 68 30
B4-11 180 1.73 12.72 70 36
B4-23 425 1.73 |3.09 70 44
B4-27 510 1.65 ]2.67 68 38
B4-32 610 1.84 12.94 58 37
B4-36 690 1.64 ]2.75 85 40
B4-42 810 1.9 |3.12 53 39
B4-44 850 1.73 |2 81 74 38
B4-45 870 1.75 |2.74 40 36
B4-46 880 170 ]2 66 31 36
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1
'

Appendix F: Raw bulk geochemical data
Geochemical data are expressed as weight % for major elements and oxides and in ppm

Jor trace elements and oxides
!

|
1
I
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Ennchment of Possible Inmobile Index Ennchment of Possible Inmobile Index
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Appendix G: Raw clay mineralogical data

University of Tennessee

Terra Rosa So1l Samples
Estimated mineralogical composition

113

Sample | Depth | Size | Hydroxy-Smectite | Smectite |Illite| Chlorite | Kaolinite
LD. (cm) | (mm) % % % % %
B4 30 2-0.5 12 0 20 10 15
B4 30 ]0.5-0.1 9 0 20 12 35
B4 30 <0.1 14 0 15 10 45
Bl 305 | 2-0.5 0 0 40 0 12
B1 305 ]0.5-0.1 3 0 20 0 66
B1 305 <0.1 4 0 20 0 50
B4 610 | 2-0.5 3 0 35 1 12
B4 610 }0.5-0.1 3 0 45 3 25
B4 610 <0.1 4 0 45 0 20
B4 810 | 2-0.5 2 0 55 0 0
B4 810 ]0.5-0.1 1 0 68 0 12
B4 810 | <0.1 1 0 78 0 10
B1 1050 | 2-0.5 2 0 40 0 17
Bl 1050 J0.5-01 5 0 30 2 47
Bl 1050 | <0.1 2 0 25 2 55

Halloysite | K/S| Quartz | K-feldspar | Anatase | Goethite | Total

% % % % % % %
0 0 35 2 3 3 100
5 0 8 0 1 10 100
5 0 1 0 0 10 100
3.5 0 38 0.5 2 4 100
3 0 1 0 0 7 100
10 0 1 0 0 15 100
8 ? 34.5 05 1 5 100
10 ? 8 0 1 5 100
15 5 1 0 0 10 100
0 0 34 2 2 5 100
3 0 10 0 1 5 100
3 0 1 0 0 7 100
5 0 25 3 1 7 100
5 0 4 0 0 7 100
5 0] 1 0 0 10 100




Appendix H: Borehole Drilling Notes

Strong Farm Core Log

Logged by: Bryan Schultz

Date: 7/18/03

Drilling began at 9:00am and finished at 6:45pm

Borehole# Depth (ft) Recovery (in/ %) Description / Comments

1 0-4° 437/90%

1 4-8’ 45”/94%

1 8-12° 447/100% greater difficulty penetrating

1 12-15° 48”/133% >100% recovery (clay swelling)

1 15-19° 48”/100%

1 19-23’ 45”/94%

1 23-27° 48”/100%

1 28-32’ 317/65% < 100% recovery (compaction)

1 32-36° 17°/35% << 100% recovery

1 36-38.8° 15”/45% < 100% recovery; refusal at 38.8°

2 0-4° 357/73% < 100% recovery

2 4-8 48”/100%

2 8-12’ 47°/98%

2 12-13.7 477/230% refusal at 13.7°

3 0-4° 42.5”/89%

3 4-8 48”/100%

3 8-10.4° 487/163% >>100% recovery (sig. swelling)

3 10.4-12.5°  487/185% drillers claim refusal @ 12.5°
but I encouraged them to continue

3 12.5°-14.5>  487/200% >>100%

3 14.5-18.5° 48”/100%

3 18.5-18.7° 5/1208% drillers claim refusal at 18.7°

4 0-4° 37°177% <100% recovery (compaction)

4 4-7 48”/133% >100% recovery (swelling)

4 7-10° 487/133% >100% recovery

4 10-13.4° 487/118% >100% recovery

4 13.4-16.6’° 48/125% >100% recovery

4 16.6-20° 47°/118% mild swelling

4 20-24° 48”/100%

4 24-25.4 23”/136% refusal at 25.4°
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Borehole #

Depth (ft) Recovery (in

Description / Comments

5 0-4 35”/73% <100% recovery (compaction)

5 4-8 38”/79% <100% recovery

5 8-12° 237/48% <<100% recovery

5 12-16° 27°/56% <<100% recovery

5 16-19.5° 22”/52% <<100% recovery; refusal @ 19.5’
7 0-4° 23”/48% <<100% recovery

7 4-8’ 47°/98%

7 8-12’ 48”/100%

7 12-16’ 48”/100%

7 16-20° 48”/100%

7 20-22’° 48/200% >>100% recovery (sig. swelling)

Summary of core samples and their respective recoveries >100%

Borehole | # of Core | #>100%
Samples | Recovery

1 10 1

2 4 1

3 7 4

4 8 6

5 5 0

7 6 0
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Appendix I: Pedological Terminology

Because this research overlaps both geology and soil science (each with dlfferent
approaches concerning classification systems), this section is included to deﬁne and
clarify some of the terminology used herein this thesis. Definitions of termlnology are
supplemented from:

Becker, 1895

Fanning and Fanning, 1989

Fitzpatrick, 1993

Soil Survey Staff, 1994

Buol et al., 1997

Driese et al., 2001

Saprolite = rotten, friable, isovolumetrically weathered bedrock, having characteristics of
both soil and rock. Saprolite has been found to retain original structure and sedimentary
layering, while also containing soil features such as high matrix porosity, translocation or
illuviation of clays, precipitation of Fe/Mn oxides, and bioturbation

Residuum = unconsolidated and weathered mineral materials accumulated by
disintegration of consolidated rock in place '

Regolith = the unconsolidated mantle of weathered rock, soil and superficial deposits
overlying solid rock

Soil = 1) the natural space-time continuum occurring at the surface of the earth and
supporting plant life; 2) collection of natural bodies on the earth’s surface contalmng
11v1ng matter and supporting or capable of supporting plants out-of-doors. Its upper limit
is air or shallow water. Its lower limit is usually hard rock or earthy materials devoid of
roots, animals, or marks of biologic activity. Horizonation in soils that differ from the
underlying rock material, result from the interaction of time, climate, biology, pallrent
materials, and relief. |
Colluvium = relocated soil materials with or without rock fragments that accumulate at
the base of slopes by gravitational action -

Alluvium = sediment deposited by streams and sometimes varying widely in particle size
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Bryan Sco:tt Schultz was born on October 19, 1978 and raised in Buford Georgia,
were he spent moét of his life. At an early age, curiosity in the geosciences were sparked
by observations of highly deformed metamorphic rocks of the Piedmont physiographic
province, and in particular, the bizarre looking rocks of the Brevard Fault Zone (that later
became known in fproper terms as “mylonites”) that literally cropped out in his back yard.
After graduating ti"rom Buford High School in 1997, Bryan attended Georgia Perimeter
College after being awarded a scholarship to play baseball. After one year at G.P.C., he
transferred to Gainesville College and declared geology as a major. In December of
1999, Bryan obtained an Associate of Science at G.C. and transferred once again to the
State University df West Georgia in Carrollton, GA. While majoring in geology at
S.U.W.G. many iﬁdependent research opportunities were made possible, which included
hydrological, coastal sedimentological, satellite imagery processing, and geochemical
projects. These projects served to provide experience in various sub-fields of geology,
which in turn cont:inued to generate interest in science. After receiving a BS in Geology
at S.U.W.G. in 2002, Bryan continued in academia by attending graduate school at the
University of Tennessee in August of 2002.

Bryan is aimember of the Geological Society of America, National Groundwater
Association, and the American Association of Petroleum Geologists. He continues to

have an interest 1n multi-discipline geoscience and plans to pursue employment as a
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