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EXECUTIVE SUMMARY

This report provides an introduction to the present state of knowledge of the
geology of the Oak Ridge Reservation (ORR) and a cursory introduction to the
hydrogeology. Animportant element of this work is the construction of a modern
detailed geologic map of the ORR (Plate 1), which remains in progress. An understand-
ing of the geologic framework of the ORR is essential to many current and proposed
activities related to land-use planning, waste management, environmental restoration,
and waste remediation. Therefore, this report is also intended to convey the present
state of knowledge of the geologic and geohydrologic framework of the ORR and vicin-
ity and to present some of the available data that provide the basic framework for
additional geologic mapping, subsurface geologic, and geohydrologic studies. In addi-
tion, some recently completed, detailed work on soils and other surficial materials is
included because of the close relationships to bedrock geology and the need to recognize
the weathered products of bedrock units. Weathering processes also have some influ-
ence on hydrologic systems and processes at depth.

Major long-term goals of geologic investigations in the ORR are to determine what
interrelationships exist between fracture systems in individual rock or tectonic units and
the fluid flow regimes that are present, to understand how regional geology can be used
to help predict groundwater movement, and to formulate a structural-hydrologic model
that for the first time would enable prediction of the movement of groundwater and
other subsurface fluids in the ORR. Development of a state-of-the-art geologic and
geophysical framework for the ORR is therefore essential for formulating an integrated
structural-hydrologic model. The groundwater systems of this area are similar to those
of large areas of the humid eastern United States that are underlain by consolidated
sedimentary rocks of low hydraulic conductivity. Partly because of their low water-
yielding capabilities, but more because of their intractability to established mathematical
representation, such systems have not been as extensively studied as have those that are
more productive and more tractable. Now, with the emphasis on environmental protec-
tion and restoration, and in light of the enormous costs attached to corrective actions, it
is essential that these systems be better understood and quantified so that conceptual
models can be verified and suitable numerical models can be developed and applied.
The Oak Ridge Hydrologic and Geologic Study (ORRHAGS) Project was begun in 1987
with the intent of coordinating these efforts and involves geoscientists from both the
Environmental Sciences and Energy divisions at Oak Ridge National Laboratory
(ORNL). -

The bedrock geology exposed in the ORR is composed entirely of sedimentary rocks
that range in age from Early Cambrian to early Mississippian. This stratigraphy formed
as part of the early Paleozoic drift (ocean-opening) succession. The carbonate bank was
developed, uplift and erosion of the carbonate bank occurred in early Middle Ordovi-
cian time forming the regional post-Knox unconformity, and the carbonate bank was
reestablished during the Middle Ordovician only to be destroyed later in the Ordovician
by development of a clastic wedge in the Late Ordovician and Silurian. This was fol-
lowed by erosion and formation of another unconfromity, then by the deposition of the
Upper Devonian-Early Carboniferous clastic wedge.

Nine major stratigraphic units have been recognized previously in the ORR: Rome
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Formation, Conasauga Group, Knox Group, Chickamauga Group, Reedsville Shale,
Sequatchie Formation, Rockwood Formation, Chattanooga Shale, and Fort Payne For-
mation. Detailed studies of surface geology and core over the past decade have permit-
ted, for the first time, subdivision of the Conasauga, Knox, and Chickamauga Groups.
The Conasauga, and to a much lesser extent the Knox and Chickamauga Groups, have
served as the principal units for disposal of radionuclides and other waste materials in
the ORR, so this more detailed knowledge is very important in environmental restora-
tion and related activities.

The ORR is located in the western part of the Valley and Ridge—at the narrowest
part of the Appalachian foreland fold-thrust belt. Here the Valley and Ridge is domi-
nated by several west-directed thrust faults that formed when the huge Blue Ridge sheet
to the east pushed the Valley and Ridge sedimentary succession in front of it. The ORR
contains a variety of geologic structures. The map-scale structure of the ORR is domi-
nated by a uniform southeast dip of sedimentary layering interrupted only by the two
large thrust faults, the Copper Creek and Whiteoak Mountain faults, and the East Fork
Ridge (and Pilot Knob) syncline in the footwall of the Whiteoak Mountair thrust (Plate
1). The Whiteoak Mountain fault also has a very large displacement, compared with the
Copper Creek fault, indicated by the character of facies changes occurring in the Middle
Ordovician rocks northwest and southeast of it. Additional evidence for the greater
displacement on the Whiteoak Mountain fault is derived from the preservation of rocks
as young as Mississippian in footwall synclines, but nowhere in the vicinity of the ORR
are rocks younger than the Middle Ordovician preserved in the footwall of the Copper
Creek fault.

Outcrop-scale structures consist of inciined, faulted, and folded bedding, and joints.
Joints (systematic fractures) are the vost common structures present here, and several
sets of joints with diffcrent orien.... 'ri» have been recognized. The dominant joint sets
are oriented northeast and northwest, with lesser north-south and east-west sets. These
structures are probably the most important in the ORR because they, along with bed-
ding and local karst, form the conduit system that controls groundwater movement.
Documenting joint attitude, timing, and evolution is one means of inferring the stress
orientation history of a thrust sheet, but joint studies from the Appalachian Cumberland
Plateau, Valley and Ridge, Blue Ridge, and Piedmont indicate that some joints devel-
oped in response to erosional unloading and the recent stress field, while others formed
during Triassic-Jurassic extension related to the opening of the present Atlantic. There-
fore, it is unwise to assume that all joints observed are a result of Paleozoic folding and
thrust-sheet emplacement.

A number of criteria are being considered to aid in deciphering the history of joint
formation within the ORR. Besides a more accurate portrayal of the stress history
related to thrust-sheet emplacement by using only tectonic joints, further application of
such an analysis involves an understanding of the control that joints have on groundwa-
ter flow paths in sedimentary rock and of how regional permeability is controlled by
different joint sets.

The stable isotopic composition of minerals in sedimentary rocks can provide
important insights into depositional and diagenetic processes affecting these rocks. Of
interest to researchers studying the geology and hydrogeology of the ORR is the oppor-
tunity for stable isotopic studies of sedimentary rocks to provide basic information for
identifying groundwater flow pathways, recording water-rock interaction, and under-
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standing controls on groundwater chemistry. In deeper aquifers in particular, the
chemistry of groundwater is strongly controlled by the composition of surrounding
rocks as a result of longer groundwater residence times and increased opportunity for
groundwater and rock to reach chemical and isotopic equilibrium. Characterizing the
isotopic compositions of rocks and fracture-filling minerals (where significant ground-
water flow may occur) and understanding controls on their compositions are crucial for
future studies of groundwater flow and chemistry.

The relationship between the oxygen composition of interbedded limestones and
vein calcites in the Nolichucky Shale reflects varying contributions of oxygen from two
major sources: (1) formation water in near-isotopic equilibrium with interbedded
silicate units and (2) formation water close to equilibrium with interbedded limestone.
Similarities in the carbon isotopic composition of the veins and limestone are expected if
the dominant carbon reservoir is the interbedded limestone. In the case of the
Nolichucky, an intraformational source of oxygen and carbon could provide the neces-
sary fluids to form calcite veins. From the isotopic data alone, large-scale migration of
fluids into the Nolichucky Shale from other sources is not required to explain the occur-
rence and compositions of Nolichucky calcite veins, although large-scale fluid migration
cannot be ruled out from the isotopic data alone.

In recent years, as a result of expanding environmental restoration activities, inter-
est in hydrology of the ORR has escalated rapidly because groundwater is the primary
medium for contaminant transport. Groundwater quality, and to a lesser extent the
water-bearing properties of the geologic units in the vicinity of waste areas on the ORR,
is now being studied intensively. Several recent contributions have been made for
ORNL to develop conceptual models of groundwater occurrence and flow in systems of
the Oak Ridge area through extensive acquisition, compilation, analysis, and interpreta-
tion of aquifer data, such as hydraulic conductivity, obtained mostly from the
Chickamauga and the Conasauga Groups in the ORR. Intensive studies of shallow
groundwater flow and modeling through aquifer tests and quantitative dye-tracing
methods have documented geologic controls of flow.

The mantle of unconsolidated residual materials, or regolith, derived by in situ
weathering of bedrock, is composed mostly of silt and clay. Water occurs in and moves
through the regolith in pore spaces between particles or in voids created by the structure
of the materials. The stormflow zone occurs at the top of the regolith; the water table is
present in most places near the base. Wastes are buried in regolith in the ORR.

The carbonate rocks, deposited mostly by chemical precipitation, were formed
without large interconnected pore spaces. Thus water in bedrock is present in second-
ary fractures or, in the carbonate rocks, in cavities formed along fractures. In the shales
and sandstones, the abundance, the degree of openness, and the interconnectedness of
fractures are spatially variable.

Near-surface water in the saturated zone is under unconfined or water table condi-
tions. A transition to confined conditions occurs at deeper levels, particularly in the
Chickamauga and Conasauga groups.

The water table typically is near the interface between regolith and bedrock. Depth
to the water table is less in topographically lower locations—near or at ground surface
along perennial stream channels or swampy areas—and greater in higher locations.
Range in annual variation of water levels is topographically and geologically related—
less in lower elevations, greater in higher. Ina normal year, the water table is lowest
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during September—October and highest during February-March. Perched water tables
are comumon, especially in the Conasauga Group.

Groundwater systems here are local, as opposed to regional, with flow path lengths
from recharge point to discharge point. All groundwater discharges in the Oak Ridge
area are to the Clinch River or its tributaries.

Three general zones of groundwater flow exist in the ORR: the stormflow zone (or
root zone), from ground surface to a depth of 1 to 2 m; the shallow zone, which includes
the vadose, or unsaturated, zone, and the shallow saturated zone, extending generally to
a depth of 20 to 60 m; and the deeper zone, to the base of fresh water at depths of about
150 m (may be deeper in Bear Creek Valley). Flow in the stormflow zone is transient,
generated by rainfall events that lead to saturation. Only about 3 to 7 cm of water
annually percolates through the vadose zone to enter the saturated flow system, and, of
that, only about 5 percent enters and flows through the deeper zone, except in the Knox
and Maynardville. Below the water table, water in the shallow zone moves through
regions of interconnected fractures, or, in the case of carbonate beds, cavities, which are
more or less enlarged by the circulating water, and water is present only in the matrix.

The Knox Group and the underlying Maynardville Limestone function as one
hydrologic unit, the Knox aquifer. Most of the perennial springs and all of the larger
springs in the area flow from the Knox aquifer and sustain almost all the natural base
flow of perennial streams in the area. A significant difference between the Knox aquifer
and other geologic units of the area is that areally extensive, locally large cavity systems
occur to depths of nearly 100 m. While water-table divides correspond fairly closely to
surface topography in other geologic units, those in the Knox aquifer may not.
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1 INTRODUCTION

Robert D. Hatcher, Jr., and William M. McMaster

This report provides an introduction to
the present state of knowledge of the
geology of the Oak Ridge Reservation
(ORR) (Plate 1; Figs. 1-1 and 1-2) and a
cursory introduction to the hydrogeology.
A detailed report on hydrogeology is
being produced in parallel to this one
(Solomon et al. 1992). An important
element of this work is the construction of
a modern detailed geologic map of the
ORR (Plate 1) containing subdivisions of
all mappable rock units and displaying
mesoscopic structural data. Understand-
ing the geologic framework of the ORR is
essential to many current and proposed
activities related to land-use planning,
waste management, environmental resto-
ration, and waste remediation. This in-
terim report is the result of cooperation
between geologists in two Oak Ridge
National Laboratory (ORNL) divisions,
Environmental Sciences and Energy, and is
a major part of one doctoral dissertation in
the Department of Geological Sciences at
The University of Tennessee—Knoxville
(Lemiszki 1992).

Major long-term goals of geologic
investigations in the ORR are to determine
what interrelationships exist between
fracture systems in individual rock or
tectonic units and the fluid flow regimes,
to understand how regional and local
geology can be used to help predict
groundwater movement, and to formulate
a structural-hydrologic model that for the
first time would enable prediction of the
movement of groundwater and other
subsurface fluids in the ORR. Understand-
ing the stratigraphic and structural frame-
work and how it controls fluid flow at
depth should be the first step in develop-

ing a model for groundwater movement.
Development of a state-of-the-art geologic
and geophysical framework for the ORR is
therefore essential for formulating an
integrated structural-hydrologic model.

This report is also intended to convey
the present state of knowledge of the
geologic and geohydrologic framework of
the ORR and vicinity and to present some
of the data that establish the need for
additional geologic mapping and geohy-
drologic studies. An additional intended
use should be for guided field trips or for
self-guided tours by geoscientists (App. 1).
This guidebook provides the following:

(1) the geologic setting of the ORR in the
context of the Valley and Ridge province,
(2) general descriptions of the major
stratigraphic units mapped on the surface
or recognized in drill holes, (3) a general
description of geologic structure in the
Oak Ridge area, (4) a discussion of the
relationship between geology and geohy-
drology, and (5) descriptions of localities
where each major stratigraphic unit may
be observed in or near the ORR. Appendi-
ces contain field trip stop descriptions and
data on soils.

Several geologic maps have been
published of the entire ORR (Fig. 1-2a) and
surrounding eastern Tennessee (e.g.,
Rodgers 1953, McMaster 1962, Hardeman
1966), but none contain the detail needed
to provide the kinds of data required for
addressing the interrelationships between
lithology, structure, and groundwater
movement in an area as complex as the
ORR. Rodgers (1953) described the geol-
ogy of eastern Tennessee and outlined
both the dominant structural style and the
regional stratigraphic relationships.
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Fig. 1-1. Simplified tectonic map of the southern Appalachians showing the location of the Cak Ridge Reservation. MS - Murphy svn-
cline. TC - Tuckaleechee Cove window. HS - Flot Sprimts wandow. AN - Alte allochthon, cAfter Hatcher 1987)
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McMaster (1962) subsequently published a
geologic map of the ORR that locates the
boundaries of the major geologic units—
Rome Formation, Conasauga Group, Knox
Group, etc.—but lacks structural and
stratigraphic detail needed for modern
studies of structure and hydrogeology.

A number of site-specific geologic and
hydrogeologic studies have been con-
ducted by ORNL staff and contractors as
part of past and proposed waste disposal
activities. Most of the studies in Melton
Valley have been summarized by Dreier et
al. (1987); those in Bear Creek Valley have
been summarized by King and Haase
(1987) and Haase et al. (1989). These site-
sp cific geologic investigations represent
studies of small areas that have been
conducted in great detail, but, until re-
cently, little emphasis has been directed
toward investigating the geology and
hydrogeology of the entire ORR with the
goal of synthesizing the existing data into
a unified geologic and hydrogeologic
framework. Inorder to develop a concep-
tual and quantitative geologic (and
hydrogeologic) model of the ORR, it is
necessary that the region studied be large
enough to include the geologic processes
responsible for the observed stratigraphic
and structural characteristics. The Oak
Ridge Hydrologic and Geologic Study
(ORRHAGS) Project was begun in 1987 as
a major effort to conduct these reservation-
wide investigations.

1.1 HISTORY OF GEOLOGIC AND
GEOHYDROLOGIC WORK AT ORNL

In 1948, P. B. Stockdale and H. J.
Klepser, Department of Geology and
Geography, The University of Tennessee,
and G. D. DeBuchananne, United States
Geological Survey (USGS), undertook the
first detailed geologic and hydrologic
investigations on the ORR, as consultants

25847-000-G27-GGG-00076

to the U.S. Atomic Energy Commission
(AEC) Office of Research and Medicine
(Stockdale 1951). Detailed geologic map-
ping in the Chickamauga Group of the
ORNL area was done by Klepser at a scale
of 1 in. to 100 ft; the map was printed on a
10-ft contour interval topographic base at a
scale of about 1 in. to 800 ft. The area
mapped covered less than 6.5 km? (3 mile2)
in Bethel Valley, in and around the main
plant area and the area to the southeast
and southwest to include what is now
Waste Area Grouping (WAG) 3. The
Chickamauga Group was divided into
eight units designated as A through H
from oldest to youngest. The trace of the
Copper Creek fault and the contact be-
tween the Knox and the Chickamauga
Groups were mapped. The text contained
brief descriptions of the Knox and
Conasauga lithologies. The first explor-
atory drilling for geologic and hydrologic
purposes was done during this investiga-
tion, when 51 core holes 15 to 100 m (50 to
300 ft) deep were drilled in Bethel Valley
to supplement surface information and to
provide information on depths to the
water table. DeBuchananne prepared a
5-ft contour interval water table map and
performed hydraulic tests on several wells.
At about the same time, John Rodgers
of the USGS was preparing the first mod-
ern map that included the entire ORR
(Rodgers 1953). This was a generalized
geologic map compiled from earlier
sources (some field checking was done) of
eastern Tennessee, published as a set of
planimetric maps at a scale of 1:125,000
with explanatory text. G. D.
DeBuchananne and R. M. Richardson used
these maps as the base for showing loca-
tions of selected water wells and springs
for a reconnaissance report on groundwa-
ter quantity and quality of eastern Tennes-
see (DeBuchananne and Richardson 1956).
This report was formatted on a county-by-
county basis and included Anderson and



Roane counties, where the ORR is located.
Field mapping for a reconnaissance
geologic map of the entire ORR and the
surrounding area was completed in 1958
by W. M. McMaster, U. S. Geological
Survey. The map, assembled from Tennes-
see Valley Authority (TVA) 1:24,000-scale
topographic quadrangles, was printed in
1962 at a scale of 1:31,680 by the Army
Corps of Engineers, and the accompanying
text (McMaster 1963) was issued as an
ORNL publication in 1963. The map
covers the same area as the 1987 topo-
graphic map of the Oak Ridge area pre-
pared by TV A at a scale of 1:24,000. .
Several subsurface drilling projects
were begun during the 1980s by Martin
Marietta Energy Systems, Inc. (Energy
Systems) staff to better understand the
lithologic and structural characteristics of
units within the ORR, particularly the
units used for waste disposal and those
into which contaminants could migrate.
Specifically, the Conasauga Group in the
Copper Creek thrust sheet was described
in detail and the group was subdivided
into formations (Haase et al. 1985); addi-
tional subdivision and descriptions were
made of parts of the Knox Group (Lee and
Ketelle 1987) and the Chickamauga Group
(Lee and Ketelle 1988). Additional investi-
gations of the Conasauga Group in both
Melton Valley and Bear Creek Valley were
made by Dreier and Toran (1989) and Lee
and Ketelle (1989). Also during this period,
detailed fracture studies were begun on
the surface in the Conasauga Group by
Sledz and Huff (1981) and Dreier et al.
(1987), along with detailed mapping of
soils in the Conasauga and Knox groups in
the ORR by Lietzke and Lee (1986) and
Lietzke et al. (1988, 1989). Detailed geo-
logic maps subdividing the Conasauga
Group in Bear Creek Vailey were made by
King and Haase (1987) and reservation-
wide cross sections were constructed from
reprocessed seismic reflection data by
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Dreier and Williams (1986) and from
surface data as part of a University of
Tennessee senior research project by C. L.
Zucker (1987). A major effort to map the
entire ORR in detail at 1:12,000, 1:24,000, or
larger scale was begun in 1987 by R. D.
Hatcher, Jr., The University of Tennessee
and ORNL. This project will subdivide all
major rock units and incorporate the
previous detailed work on smaller parts of
the ORR (Plate 1). P.]. Lemiszki has
completed a 1:12,000-scale detailed map of
the Bethel Valley quadrangle as part ofa -
University of Tennessee Ph.D. dissertation
(Lemiszki 1992).

Results of these investigations are
discussed and summarized in other sec-
tions of this report.

1.2 REGIONAL GEOLOGIC SETTING

1.2.1 Physiography

The ORR is located in the western portion
of the Valley and Ridge physiographic
province in eastern Tennessee. The physi-
ographic province extends from the St.
Lawrence lowlands to Alabama and varies
in width from 20 to 120 km (Fenneman
1936). The general features (Thornbury
1965) that distinguish this province from
adjacent areas are (1) parallel ridges and
valleys commonly aligned from northeast
to southwest; (2) topography caused by
erosion of interstratified weak and strong
formations that are exposed at the surface
by exhumation of a relatively strongly
folded and faulted terrane; (3) a few major
transverse superimposed streams with
subsequent streams forming a trellis-like
drainage pattern (actually, drainages are
mostly dendritic in headwaters areas,
trellis downstream); (4) many ridges with
accordant summit levels suggesting
former erosion surfaces (peneplanation—a
largely outmoded concept); and (5) many



water and wind gaps through resistant
ridges. The southern Valley and Ridge of
Thornbury (1965) is similar to the northern
section but differs from the central section
by having (1) more thrust faults, (2) lower
ridges, and (3) a more distinct longitudinal
river drainage system. Four rivers—the
Powel], Clinch, Holston, and French
Broad—join to form the Tennessee River
after flowing many miles in northeast-
southwest-trending valleys. In Tennessee,
the Valley and Ridge Province is bordered
on the west by the Cumberland Plateau
and on the east by the Blue Ridge. The
ORR, located approximately 10 km east of
the eastern Cumberland Escarpment (that
separates the Valley and Ridge from the
Cumberland Plateau), has an elevation
ranging from 225 to 410 m.

1.2.2 Geology

The ORR is located in one of the classic
foreland fold-thrust belts in the world, the
Appalachian western Blue Ridge, Valley
and Ridge, and Cumberland Plateau

(Fig. 1-1). Several fundamental concepts
of foreland deformation, e.g., the thin-
skinned geometry of thrusting by Rich
(1934), were based entirely on nearby
structures in eastern Tennessee and south-
western Virginia. The basic structural style
here has also been compared to that in the
Canadian Rockies (Price and Hatcher 1983)
and to the Moine thrust zone in Scotland
(Hatcher 1986).

The Tennessee portion of the Appala-
chian Valley and Ridge is characterized by
the presence of a number of
northwestward-vergent southeast-dipping
imbricate thrust sheets. About ten major
northeast-striking thrust faults dominate
the structure in the Valley and Ridge at the
latitude of the ORR. Two of these major
thrusts, the Copper Creek and Whiteoak
Mountain faults, are traceable through the
ORR (Plate 1). The contrasting geometry
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and deformational style of these two faults
provide a unique opportunity within the
ORR for generic kinematic and mechanical
studies of foreland thrusts.

The stratigraphic units in the ORR
comprise a diverse assemblage of litholo-
gies from the entire Cambrian and Ordovi-
cian section, as well as from several
younger Devonian and Mississippian units
(Fig. 1-2a). The total thickness of section in
the ORR is on the order of 3 km (9500 ft).
In general, the Cambrian~Ordovician
Knox Group and part of the overlying
Chickamauga Group form the competent
units within the major thrust sheets in this
area. Each major stratigraphic unit (and
formations within those units), because of
compositional and textural properties,
possesses unique mechanical characteris-
tics that responded differently to the
deformation events affecting these rocks
through time. Therefore, each has prob-
ably experienced a slightly different
scheme of brittle deformation that pro-
duced fracture densities and spacings that
affect the way fluids are transmitted
through them.
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2 AVAILABLE DATA

RaNaye B. Dreier

A wide variety of geologic data are
available within the Oak Ridge Reserva-
tion (ORR). They range from surface
geologic data to core samples, auger
samples, and geophysical logs from holes
drilled in the ORR to geophysical data.
The purpose of this section is to summa-
rize the locations and availability of these
data.

2.1 SURFACE GEOLOGIC DATA

Gecelogic maps (e.g., Plate 1) have been
constructed mostly from available expo-
sures of bedrock, residual soils, and
surficial deposits. Soils maps are con-
structed with the aid of augering to obtain
information on near-surface soils. Outcrop
exposure of bedrock units is variable, but
much information can be obtained on the
areal distribution of units and location of
contacts in areas of poor exposure by
making use of residual soils and float.
Residual soils are commonly quite diag-
nostic of different rock units by color and
texture, but that is particularly true where
these soils contain fragments of the origi-
nal rock material or of resistant rock types,
such as chert or sandstone, that serve as
stratigraphic markers. Quality of exposure
ranges from generally poor in much of the
Conasauga and Knox groups to excellent
in parts of the Rome Formation,
Chickamauga Group, Rockwood Forma-
tion, and Fort Payae Formation.

Structural measurements are gathered
from exposed bedrock, weathered rock,
and saprolite, where bedding, fracture
surfaces, and rare cleavage are preserved.
Exposure in the ORR is good enough to
permit collection of several thousard

9

separate structural data stations that are
represented by separate dip-strike symbols
on the geologic map (Plate 1).

2.2 CORE

The core storage facility (Building 7042
at ORNL) contains approximately 15,000
m (45,000 ft) of core. Inventory of core in
Building 7042, including well names, well
reference, and storage location, was sum-
marized by Dreier et al. (1990). Other core
is being stored at various widely separated
lecations. A recommendation has been
made to store future core samples at Beta-1
(the Oak Ridge Y-12 Plant).

Most studies of core have been di-
rected at the units within the Conasauga
Group because most waste disposal areas
have been and continue to be sited in
valleys underlain by the Conasauga
Group. Therefore, more data are available
from the Conasauga Group than from
other units found in the ORR. The major-
ity of core samples from the Conasauga
Group are from Bear Creek Valley because
of an extensive drilling project undertaken
during the summer of 1986. Additional
core is available from (1) the JOY-2 bore-
hole (Knox Group through the Rome
Formation in the Copper Creek thrust
sheet and Moccasin Formation from the
footwall; (2) various boreholes in Melton
Valley (Conasauga Group) that are in the
vicinity of White Oak Lake and Waste
Area Groupings 5 and 7; (3) the
Chickamauga Group in Bethel Valley (in
ORNL area and near Rogers Quarry);

(4) boreholes along Chestnut Ridge (East
and West Chestnut Ridge sites), which
provide core from the upper and lower



Knox Group (Lee and Ketelle 1987); (5) the
crest and northern flank of Chestnut Ridge
(Knox Group and Maynardville Lime-
stone), which have been and are being
cored as part of ongoing Y-12 Plant and
environmental restoration projects; and

(6) new drilling in support of the Ad-
vanced Neutron Source (ANS) facility
which will provide additional Conasauga
Group core.

2.3 GEOPHYSICAL LOGS DATABASE

Most boreholes (including core holes)
that have depths greater than 30 m (100 ft)
have been geophysically logged. Hence
the data distribution is similar to that
described above for core. The types of logs
available from different boreholes vary
considerably. The earliest suites of logs
were small and primarily consisted of
natural gamma-ray, spontaneous-poten-
tial, neutron, long-short normal resistivity,
and caliper logs. With additional empha-
sis on borehole geophysics, the data have
become more sophisticated, and a typical
logging suite collected today contains
caliper, temperature, deviation, compen-
sated neutron, compensated density,
natural gamma-ray, long-short normal
resistivity, fluid resistivity, single-point
resistance, spontaneous-potential, bore-
hole televiewer, acoustic velocity, and full-
waveform sonic logs. Since 1986 ESD has
had the capability to collect borehole
geophysical logs in-house, and a concerted
effort is under way to maintain and up-
grade logging capabilities.

As part of the Oak Ridge Hydrologic
and Geologic Study FY 91 activities, a
compilation of a historical geophysical log
database was started. At present, the
database is incomplete and continued
work on the project is subject to future
funding. The database is available from
R. B. Dreier [Environmental Sciences
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Division (ESD), ORNL]. In addition, all
logs acquired in-house are archived elec-
tronically and maintained in a separate
database; these are also available from R.
B. Dreier.

2.4 SEISMIC REFLECTION AND
REFRACTION STUDIES

The amount of other nonborehole
geophysical data is limited, especially in
comparison with other data types. In the
early 1980s Amoco Oil Company acquired
a vibroseis line along Tennessee 95
(Fig. 1-2a). The data were subsequently
purchased by ESD and reprocessed at The
University of South Carolina by Dreier and
Williams (1986). A top-of-rock refraction
survey has been acquired at the proposed
ANSssite in eastern Melton Valley (Davis
ct al. 1992) and at central Chestnut Ridge
(Staub and Hopkins 1984). New seismic
reflection surveys are proposed, however,
at the ANS site and in Bear Creek Valley to
investigate high-angle cross-strike linea-
ments.
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discussion of surficial depositions are
discussed in Sect. 4.

3.2 ROME FORMATION

Peter J. Lemiszki, Richard R. Lee,
Richard H. Ketelle, and
David A. Lietzke

3.2.1 Introduction

The Rome Formation is the oldest rock
unit exposed in the ORR and underlies
Haw Ridge, Pine Ridge, and the valley and
some small ridges northwest of Pine
Ridge. From a distance, Rome topography
is recognized by narrow, steep ridges
broken by closely spaced wind and water
gaps that give it a cockscomb appearance.
The Rome Formation was named by Hayes
(1891) for exposures at Rome, Floyd
County, Georgia. Although no fossils
were found in the ORR, Resser (1938) and
Rodgers and Kent (1948) assigned an Early
Cambrian age to the Rome Formation on
the basis of faunal evidence, such as the
trilobite Olenellus. The lower stratigraphic
contact is not exposed in eastern Tennessee
because it commonly is cut off by the basal
décollement. The upper contact with the
Pumpkin Valley Shale is located at the last
thick sandstone bed below a consistent
section of shale, thin sandstone, and
silt-stone of the Pumpkin Valley. A thicker
sequence of the Rome Formation is present
within the Whiteoak Mountain thrust
sheet than within the Copper Creek thrust
sheet. The Whiteoak Mountain fault is
located within the lower Rome (Apison)
Shale and therefore brings to the surface a
thicker section of the Rome. Although
determining the stratigraphic thickness in
the Rome is hampered by tectonic duplica-
tion and thinning, recent geologic map-
ping shows that the thickness in the
Copper Creek thrust sheet is between 122
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and 183 m; in the Whiteoak Mountain
sheet, however, the Rome can be as much
as 450 m thick (Plate 1). In the Copper
Creek thrust sheet, Haase et al. (1985)
reported a thickness of 188 m using the
JOY-2 core, and McReynolds (1988) re-
ported a true stratigraphic thickness
between 90 and 125 m. Despite compara-
tively good exposures and topographic
prominence, the Rome Formation is
among the least studied formations in the
ORR.

3.2.2 Previous Litudies

During reconnaissance mapping of the
ORR, McMaster (1962) recognized the
existence of complex lithologic and struc-
tural relationships in the Rome Formation.
He mapped the upper Rome Formation in
the Copper Creek and Whiteoak Mountain
thrust sheets and was further able to
distinguish and map the lower Rome
Formation in the Whiteoak Mountain
thrust sheet on the basis of topography
and float debris.

The Rome Formation in the Copper
Creek thrust sheet was completely
sampled by the JOY-2 core. A discussion of
lithologic and structural features identified
in core may be found in Haase et al. (1985).
Because of unstable borehole conditions,
however, a complete suite of geophysical
logs was not obtained. In addition, core
through the upper part of the Rome For-
mation was obtained during the course of
other subsurface studies. All of the core is
in storage in Building 7042, and geophysi-
cal logs are in the Oak Ridge National
Laboratory (ORNL) Environmental Sci-
ences Division (ESD) staff geophysical log
database.

McReynolds (1988) studied the Rome
Formation in the Copper Creek thrust
sheet using surface exposures and the
JOY-2 core. He identified a total of seven
lithofacies consisting of three clastic, two



carbonate, and two mixed clastic—carbon-
ate lithofacies. The sequence was inter-
preted to represent a mixed siliciclastic
and carbonate depositional environment.
Regional sedimentological studies of the
Rome Formation conclude that it thickens
and becomes more carbonate rock towards
the southeast and was deposited in a tidal
environment along the early Paleozoic
North American passive margin (Rodgers
1953, Spigai 1963, Samman 1975, Harris
and Milici 1977).

3.2.3 Lithologic Description

Exposures of the lower Rome in the
Whiteoak Mountain thrust sheet are
sparse, making contacts difficult to locate
and detailed description of the unit diffi-
cult. A reasonably good exposure exists
on the northeast face of Pine Ridge in the
city of Oak Ridge near the intersection of
LaFayette and Illinois Avenues. This
section probably is similar to the Apison
Shale Member of the Rome Formation
(Hayes 1894, Wilson 1986). Micaceous
shale is the most common lithology and is
maroon, green, and yellow-brown. Sand-
stone and siltstone are interbedded with
the shale and are maroon, brown, and
gray. Thin to medium beds of light-gray
argillaceous limestone and dolomite are
also present. The shale is fissile and gener-
ally variegated. The unit weathers into
soil containing shale and siltstone chips as
well as small sandstone blocks. Fragments
of bluish-white, tan-brown, and chalce-
donic chert are derived from weathering of
dolomite and limestone beds.

The upper part of the Rome Formation
consists dominantly of interbedded ma-
roon sandstone, siltstone, and shale, but
the presence of distinctive dolomite and
dolomitic sandstone intervals has proven
useful for mapping the Rome stratigraphy
in the Copper Creek thrust sheet
(McReynolds 1988). The distinctive dolo-
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mite and dolomitic sandstone intervals
were not found in the Whiteoak Mountain
thrust sheet. Similar dolomite was de-
scribed by Rodgers and Kent (1948) north-
east of Oak Ridge and has been used as a
regional marker horizon (Harris 1964).
Greenish-gray, yellowish-gray, pale-
brown, and olive-green sandstones are
interbedded with maroon sandstone. The
sandstones are silica- and hematite-ce-
mented, mostly fine- to medium-grained,
quartzose, and occasionally glauconitic.
Ripple bed forms, small-scale unidirec-
tional and bidirectional crossbeds, flaser
bedding, bioturbation, mudcracks, and
local salt crystal casts are common sedi-
mentary structures. Siltstones in the upper
Rome are tan, gray, and greenish-gray.
The siltstones are thin bedded and contain
sedimentary structures similar to those in
the sandstones. Shales in the upper Rome
are olive green, light brown, green-gray,
and maroon and are thin bedded. Shales
are variegated in shades of maroon, pale
green and greenish-gray, yellow, and
black. Dolomite in the Rome is light to
dark gray and massively bedded. Inter-
bedded with the massive dolomite is thick-
bedded dolomitic sandstories. Rome soils
are sandy, silty, light-colored clay contain-
ing abundant siltstone and sandstone
fragments. One of the most continuous
exposures of the upper Rome Formation in
the Copper Creek thrust sheet is along
Pumphouse Road behind the Scarboro
Facility in the ORR.

3.2.4 Rome Formation Soils

The Rome Formation consists of a wide
variety of saprolite lithologies, including
(1) a siliceous, yellowish-brown sandstone
member; (2) a feldspathic, very fine
grained, yellowish-brown sandstone
member; and (3) a thin, fissile, dusky-red
and gray shale member mappable only at
1:2400 on the crest and south side of Pine



and Haw Ridges. From the north side of
Pine Ridge to the Whiteoak Mountain fault
are (1) yellowish-brown, feldspathic silt-
stong; (2) pinkish, hard, micaceous sand-
stone; and (3) dusky-red mudstone inter-
bedded with olive-gray siltstone and shale
and very minor areas of carbonate soils.
Haw Ridge has a similar assemblage of
strata, but thin carbonate strata are more
abundant, especially in the upper section.
Larger areas of mappable carbonate soils
are also more common on Haw Ridge,
where they occur close to the top of the
formation. Most of the soils in the Rome
arce defined on the properties of the parent
rock. The feldspathic siltstone member is
extensive enough in the Rome Formation
so that two weathering groups have been
established: the No. 001 soils occur only on
slopes exceeding about 45 percent, have
minimal soil development of genetic
horizons, and depth to paralithic materials
is generally less than 50 cm, while the

No. 008 soils formed in similar materials,
but on less steep slopes, and have well-
defined and expressed argillic horizons.
The No. 004 soils formed in interbedded
dusky-red mudstone and greenish-gray
shale saprolite. They have minimal genetic
soil horizonation on slopes exceeding

45 percent, but have a better expression of
horizonation on less steep slopes. The

No. 009 soils occur only over carbonate
rock, which is primarily a dolomitic
limestone that is interbedded with a very
fine grained feldspathic sandstone along
the edges of these bodies. Fault breccia
and highly fractured areas are extensive
enough so that distinctive soils were
mapped over these areas. The No. 005 and
No. 006 soils are deeply weathered, with
depth to paralithic materials exceeding

I m. The Rome Formation generated large
quantities of colluvium during the Pleisto-
cene. Colluvial soils are identified by the
source of their parent materials and by
their soil morphology.
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3.2.5 Rome Residuum

00051, 00061. The soils in these map units
formed in the yellowish-brown saprolite
residuum of fine-grained feldspathic
sandstone that is assumed to have been
mostly cemented by calcium carbonate.
Most areas of these soils occur on the
south side of Pine Ridge, where they occur
on linear and convex side slopes between
the summit knobs and the first bench
landform. The soils on Haw Ridge have
more common thin carbonate strata that
have weathered out to form reddish clay
seamns. Rainfall infiltrates rapidly and
percolates downward through the joint
and fracture system. There is little evi-
dence of overland flow from these soils.

00151, 00161. The soils in these map units
formed in yellowish-brown saprolite
residuum of feldspathic siltstone and very
fine grained sandstone. Depth to the Cr
(see Sect. 4 for explanation of all soil
symbols) horizon is highly variable, but is
mostly less than 50 cm. The upper 25 to
30 cm of these soils formed in creep and
bioturbated materials. These soils occupy
some of the steepest headwall and side
slope areas of drainageways and have
slopes of 45 percent to about 90 percent.
Even though slopes are very steep, there is
very little evidence of overland runoff, but
infiltrated water flows laterally below the
surface along the top of the Cr horizon or
the rock contact. Some small areas show
evidence of recent active creep or slump-

ing.

00251. The soils in this map unit formed in
multicolored yellowish-brown, yellowish-
red, and light-gray fine- and medium-
grained sandstone saprolite. Fragments of
hard, light-gray or reddish sandstone
typically litter the surface. These soils
occupy the crestal knobs and crest shoul-



der areas of Pine Ridge. One sandstone
unit is a yellow-red medium sand. Also
included are bands of a hard, dusky-red
sandstone interbedded with dusky-red
and gray fissile shale and feldspathic fine-
grained sandstone of the No. 000 soil as
well as siltstone of the No. 001 and No. 008
weathering sequence. Rainfall infiltrates
readily with little evidence of overland
runoff. Water seems to readily percolate
downward through the joint and fracture
system, and the upper soil is well oxidized
throughout. In low-resolution soil map-
ping at a scale of 1:12,000, the 002 soils are
included with the 000 soils.

00323, 00341, 00343, 00351, 00361. The
soils in these map units formed in saprolite
from hard, light-red to red micaceous fine-
grained sandstone that is cemented by iron
oxides. These soils occur on upper and
middle doubly convex or convex/plano
side slopes on the first ridge north of the
main crest. Depth to hard Cr horizon
material is usually less than 20 cm, but can
be as deep as 50 cm.

00441, 00451, 00461. The soils in these map
units formed in surficial creep materials
less than 50 ¢m thick and in the underlying
interbedded dusky-red mudstone and
olive-gray shale saprolite. These soils are
more deeply weathered with depth to Cr
materials usually more than 50 cm. The
paralithic materials of the Cr horizon are
also soft. These soils are on summits and
on upper, middle, and lower side slopes
with convex/plano slope configurations.
These soils are more extensive on the north
side of Pine Ridge, but some have been
mapped on Haw Ridge.

00521, 00523, 00533, 00541, 00543, 00551,
00553. These soils formed in brecciated
materials of mostly lower Rome origin, but
are mapped only over fault breccia. Their
largest extent is over the Whiteoak Moun-
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tain fault, where their extent approaches a
width of about 300 m (1000 ft). These soils
also occur in the center of McNew Hollow
over a fault, but most of the McNew
Hollow fault breccia soils have been
buried by colluvium and alluvium. A thin
zone, commonly less than 16 m (50 ft)
thick, occurs on the north side of Haw
Ridge just above the Copper Creek fault.

A wide range of colors are allowed in
these soils ranging from 2.5YR to 10YR
depending on whether the parent materi-
als are dusky-red mudstones or yellowish
feldspathic siltstones. The colors have a
swirled appearance in the upper saprolite.
Because of the more permeable wm.derlying
saprolite, these soils are deep to paralithic
materials, usually more than 1.5 m thick.
They also have well-developed soil mor-
phology, including silty clay loam or clay
Bt argillic horizons.

00631, 00633, 00641, 00643, 00651, 00661.
The soils in these map units formed in
highly fractured materials derived from
the upper Rome Fo:. 1ation consisting of
mostly sandstones and siltstones of the
No. 001, 008, and 003 soils. Interbedded
with these soils are areas of less brecciated
No. 008 soils, which occupy ridge crests.
Only one area of these soils was mapped
along the Pine Ridge area in the Roane
County portion of the soil survey. These
soils are much more common on Haw
Ridge, especially the western Roane
County portion, which seems to be gener-
ally more highly fractured and has deeper
soils.

00831, 00833, 00841, 00843, 00851. The
soils in these map units formed in yellow-
ish-brown saprolite residuum of felds-
pathic siltstone and fine-grained sand-
stone. Depth to paralithic materials or the
Cr horizon ranges from less than 100 cm to
more than 100 cm, with greater depth
generally on less sloping landforms. The



saprolite is a light yellowish-brown. The
Bt horizon has 10YR or 7.5YR hues, a
texture of loam or clay loam and a moder-
ate to strong grade of subangular blocky
structure. Thicker Bt horizons tend to
have higher clay content. Most areas of
these soils occupy summits and upper side
slopes of secondary ridges.

00943, 00951. These soils formed in the
saprolitic residues of carbonate rock. The
rock weathers to form a sticky clay sapro-
lite that becomes plugged with additional
translocated clay. The argillic horizon has
a7.5YR to 5YR hue, high clay content, and
abundant black manganese coatings and
zones. Only one mappable area of these
soils was mapped on Pine Ridge. Several
other areas, too small to be mapped, were
identified in McNew Hollow. These soils
are more common on Haw Ridge, where
they occur on the southernmost ridge top.
Carbonate rock outcrops generally occur
on Haw Ridge only on very steep slopes
and are commonly not visible from ridge
tops or from drainageways. Twa sink-
holes have been identified on Haw Ridge.
The first is on the ridge crest while the
otheris in a drainageway. The extent of
the Rome carbonate unit that tree roots
come into contact with is larger than that
mapped on the surface. Where tree roots
do contact the carbonate, there are excel-
lent stands of white oak, beech, and north-
ern red oak that respond to higher levels of
fertility.

3.3 CONASAUGA GROUP

RaNaye B. Dreier, Robert D. Hatcher,
Jr.,and Daid A. Lietzke

3.3.1 Introduction

The Conasauga Group was named
(actually as the Conasauga Shale) by

18

25847-000-G27-GGG-00076

Hayes (1891) for exposures along the
Conasauga River in Whitfield and Murray
Counties, Georgia. It is a principal compo-
nent of the Middle to Upper Cambrian
portion of the stratigraphic sequence
characterized by interlayered shale, lime-
stone, and lime-rich shale. The Conasauga
Group is repeated by Alleghanian faulting
(see Sect. 5) and underlies both Bear Creek
Valley (Whiteoak Mountain thrust sheet)
and Melton Valley (Copper Creek thrust
sheet). Because many historical and
current ORNL and Y-12 Plant waste
management areas are in Conasauga
Group rocks, local geologic characteriza-
tion studies have concentrated on these
units. The descriptions presented below
are taken from these studies, specifically
from Haase et al. (1985), Dreier and Toran
(1989), Lee and Ketelle (1989), and
Foreman et al. (1991).

3.3.2 General Description

The Conasauga Group crops out
throughout the southern Appalachian
Valley and Ridge, but shows lithofacies
transitions from clastics in the west to
carbonates in the east (Rodgers 1953;
Markello and Read 1981, 1982; Hasson and
Haase 1988). North to south changes in
the amount of carbonate and clastic facies
in the Conausauga Group have also been
recognized (Rodgers 1953, Harris and
Milici 1977). On the basis of the predomi-
nant lithology (carbonate, mixed carbon-
ate—lastic, and clastic), Rodgers divided
the Conasauga Group into three phases
that occur in parallel, north-south or
northeast to southwest-trending belts. The
phases are subparallel and cross-structural
strike. The central phase consists of six
formations that represent interfingering of
carbonate and clastic facies. To the west of
the ORR, most of the carbonate formations
are absent and only two formations are
recognized. To the northeast, in the



eastern phase, the clastics are reduced in
number and three formations can be iden-
tified.

The ORR lies near the western margin
of the central phase of the Conasauga
Group (Hasson and Haase 1988), where
the group consists primarily of calcareous
shale interbedded with shaly to silty lime-
stone. The average thickness of the
Conasauga Group is 567 m in Melton
Valley to 557 m in Bear Creek Valley
(Table 3-1). Six formations can be recog-
nized within the group. They are, in
ascending order, the Pumpkin Valley
Shale, Friendship formation (Rutledge
Limestone equivalent), Rogersville Shale,
Dismal Gap formation (Maryville Lime-
stone equivalent), Nolichucky Shale, and
Maynardville Limestone (Fig. 3-3). All
previous descriptions of the ORR
Conasauga Group geology utilize the
standard central phase terminology—
Rutledge and Maryville Limestones in-
stead of Friendship and Dismal Gap
formations—but, because of rapid facies
changes between the standard control
phase sections (e.g., Thorn Hill) and the
ORR (Fig 3-3), the traditional formation
names are inappropriate. The Friendship
and Dismal Gap formations are thinner
than the Rutledge and Maryville Lime-
stones farther east, as reported by Rodgers
(1953) and Hasson and Haase (1988), and
they contain 30 to 60 percent clastics.
Nevertheless, the names Rutledge Lime-
stone and Maryville Limestone are embed-
ded in ORR geologic descriptions and
regulatory directives. Hence, we suggest
that future users of the names Dismal Gap
formation and Friendship formation
should note that they occupy the same
stratigraphic positions as the Maryville
Limestone and Rutledge Limestone. The
use of the names Dismal Gap formation
and Friendship formation is suggested for
the first time in this report, and the names
are to be treated informally. The type
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section for the Dismal Gap formation is at
Dismal Gap in the Powell quadrangle (in
the same strike belt as the ORR); that for
the Friendship formation is in a drill hole
near Friendship Cemetery in the ORR. The
type sections for these units have not been
formally established and described in the
literature.

3.3.3 Pumpkin Valley Shale

Regionally, the stratigraphy of the
Pumpkin Valley Shale is not well known
and formal stratigraphic members have
not been defined (Rodgers 1953, Harris
1964, Hasson and Haase 1988). The forma-
tion was informally divided into upper
and lower units in the Whiteoak Mountain
thrust sheet by Law Engineering (1975).

Lithologic data and drill core descrip-
tions of the Pumpkin Valley Shale are
contained in Law Engineering (1975),
Haase et al. (1985), King and Haase (1987),
and Lee and Ketelle (1989). The Pumpkin
Valley Shale ranges from 90 to 109 m
throughout the ORR, and the two informal
units are of approximately equal thickness
(Table 3-1). The informal members have
not been mapped separately in surface
exposures.

The contact of the Rome Formation
and overlying Pumpkin Valley Shale is
placed at the bottom of the shaly gray-
brown siitstone of the Pumpkin Valley
Shale and the top of the uppermost mas-
sive to evenly laminated gray-green
sandstone in the Rome Formation. On
geophysical logs, the contact between the
Rome Formation and the overlying Pump-
kin Valley Shale is easily recognized and is
characterized by prominent anomalies in
both the gamma-ray and neutron logs
(point A in Fig. 3-4).

The lower Pumpkin Valley Shale
consists of maroon-brown and gray to
gray-green siltstone and mudstone that
commonly is greatly bioturbated. The
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Table 3-1. Stratigraphic thickness, Conasauga Group*

BEAR CREEK VALLEY — WHITEOAK MOUNTAIN THRUST SHEET
Pumpkin Valley Shale through Dismal Gap Formation

Lower Upper €pv <f €rg Lower Upper €dg

€pv €pv €dg €dg
AVERAGE 43 52 95 32 31 45 62 108
MIN 36 39 90 28 21 41 53 95
MAX 51 59 99 38 36 49 73 122
NO. OF 4 4 4 5 6 4 3 2

VALUES

MELTON VALLEY — COPPER CREEK THRUST SHEET
Pumpkdn Valley Shale through Dismal Gap Formation
Lower Upper €pv €f €rg Lower Upper <€dg

€pv €pv €dg €dg
AVERAGE 41 61 101 38 36 61 63 126
MIN 35 48 94 31 26 47 46 104
MAX 46 67 109 45 48 85 75 158
NO. OF 7 7 10 17 16 22 11 11

VALUES

BEAR CREEK VALLEY — WHITEOAK MOUNTAIN THRUST SHEET
Nolichucky Shale through Maynardville Limestone

Lower Mid Upper €n Lower Upper Lower Mid Upper Upper €mn

€n €n <€n €lh <€lh cb €cb €cb U€chb
AVERAGE 55 9 20 170 38 21 28 10 22 5 121
MIN 45 55 11 154 34 18 25 9 18 5 116
MAX 65 105 36 183 43 26 29 11 27 6 127
NO. OF 6 6 5 3 4 5 4 4 4 4 3

VALUES

MELTON VALLEY — COPPER CREEK THRUST SHEET
Nolichucky Shale through Maynardville Limestone

Lower Mid Upper €n Lower Upper Lower Mid Upper Upper €mn

€n €n <€n -Clh <lh €cb Ccb €cb UEch
AVERAGE 55 78 54 187 20 15 15 6 22 0 79
MIN 47 78 54 187 20 15 15 6 22 0 79
MAX 63 78 54 187 20 15 15 6 22 0 79
NO. OF 4 1 1 1 1 ] 1 1 1 1 1

VALUES

TOTAL CONASAUGA GROUP THICKNESS
BEAR CREEK \ ALLEY (WOM) 557
MELTON VALLEY (CC) 567

*Stratigraphic thicknesses measured in meters. Thicknesses calculated from measured
downhole thickness, borehole deviation and estimated formation dip. Total formation
thicknesses are shown in bold. €pv = Pumpkin Valley Shale; €f = Friendship Formation
(formerly Rutledge Limestone); €rg = Rogersville Shale; € dg = Dismal Gap Formation
(formerly Maryville Limestone); €n = Nolichucky Shale; €lh = Low Hollow member of
the Maynardville Limestone; Ccb = Chances Branch member of the Maynardville Lime-
stone; €mn = Maynardville Limestone; UECcb = __ __
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mudstone is massive to thinly bedded and
evenly to wavy parallel stratified. It
ranges from pure mudstone to silty mud-
stone with thin 0.6- to 1.2-cm-thick string-
ers and disseminations of siltstone. Such
disseminations locally coalesce to form
discontinuous lenticular siltstone beds that
occur throughout silty mudstone-rich
intervals. Siltstone-rich horizons exhibit
complex stratification patterns that range
from thinly laminated to thinly bedded
0.6- to 1.2-cm-thick intervals with wavy to

evenly paralle] to nonparallel stratification.

The bioturbated horizons, which are 0.15
to 1.5 m .hick, are massive to mottled, and
wavy or lenticularly bedded. Stratification
within the lower unit is highly variable,
with the massively bedded horizons being
the most completely bioturbated and
homogenized. Compositionally, the
bioturbated intervals resemble simple
physical mixtures of the siltstone and
mudstone lithologies. Glauconite pellets
are very abundant within bioturbated
horizons and can compose as much as

40 percent of selected beds. The lower
member of the Pumpkin Valley Shale is
slightly more siltstone-rich than the upper
member, as is reflected by the slight
rightward shift of the trace of the neutron
log (Fig. 3-4). In addition, at least locally
(core hole GW-132), the long-short normal
resistivity log differentiates the lower
member from the upper member. The
difference in long and short normal resis-
tivity values can be an indication of the
relative resistivity of the strata (or forma-
tion water). If the long normal is consis-
tently more resistive than the short nor-
mal, as is the case for the upper Pumpkin
Valley (Fig. 3-4), then the far field strata
are more resistive (less saline) than strata
in the immediate vicinity of the borehole.
The Pumpkin Valley Shale exhibits an
abrupt resistivity break at the informal
contact between the upper and lower
members.
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The upper Pumpkin Valley Shale
consists of red-brown, red-gray, and gray
mudstone and shale interbedded with
siltstone. Gray and maroon-gray silty
mudstone is somewhat less common in the
upper unit than in the lower unit, and the
evenly laminated and crossbedded silt-
stone locally occurs in somewhat thinner
beds than in the lower unit. Glauconite
pellets are ubiquitous within siltstone
intervals, occur as random disseminations
throughout individual beds, or are concen-
trated into discrete la-ninae and bedding
planes. Locally, 0.6- to 2.5-cm-thick hori-
zons composed of 40 to 60 percent glauco-
nite pellets are interbedded within silt-
stone and mudstone in the upper unit.

The contact of the Pumpkin Valley
Shale with the overly ing “riendship
formation is characterized geophysically
by conspicuous ar.omalies on the gamma-
ra , neutron, and single-poin: .esistivity
logs (fug. 3-4) described below. Beneath
this contact is a slight rightward shift in
the garnma-ray log baseline and a pro-
nounced leftward stiift in *he neutron log
baseliue.

3.3.4 Pumpkin Valley Shaie Soil

The No. 100, No. 101, No. 102, and
No. 103 soils form a weathering sequence,
ranging from highly weathereZ to least
weathered, on the lower Pumpkin Valley,
which contains a high content of inter-
bedded glauconitic fine-grained sandstone
and siltstone. These soils can be identified
and easily mapped at a 1:1200 to 1:2400
scale, but only the soil of greatest extent
(soil No. 102) was mapped at the 1:12,000
scale. The other soils of this sequence
occur as inclusions at this map scale.
The degree of weathering and amount of
soil development is dependent on whether
or not water flows off or infiltrates.
Infiltration on these soils and their azsnci-
ated landforms is dependent not only on



the slope gradient but also on the width of
the side slope and its convexity and on the
joint and fracture network of the underly-
ing rock. Even though slope classes of
these soils overlap, the landform width
and convexity are different. Most areas of
the No. 101 soils are on slopes of generally
20 to 35 percent, while most of the No. 102
soils are on slopes of 35 to 45 percent. The
No. 102 soils also occur cn lower gradient
landforms where interfluves are narrower
and more convex. Most areas of the

No. 103 soils ave on slopes greater than

45 percent, buu if areas are on less steep
slopes, the landform, usually a spur ridge,
is narrow and highly convex. The upper
Pumpkin Valley Shale has a higher silt-
stone and shale content with less sand-
stone and has a high glauconite content
that gives rise to a saprolite ranging from
reds and violets to green. Because of the
higher content of less permeable shale, the
upper Pumpkin Valley weathers differen-
tially, with more permeable strata more
deeply weathered than less permeable
strata. Soil No. i04 is mapped only over
the upper part of the formation.

3.3.5 I'umpkin Valley Residuum

10043. These soils formed in'glauconite-
rich residuum of the lower Pumpkin
Valley Shale of the Conasauga Group.
Soils in this map unit are on broad-nose
slopes with mostly doubly convex shapes.
These soils typically have a uniform 5YR
to 2.5YR hue in the upper Bt horizon, but,
because of clay plugging in the BC, CB, C,
and uppermost Cr horizon, the soil be-
comes increasingly mottled with depth.
Depth to the Cr horizon or paralithic con-
tact is more than 100 cm. Because these
soils are severely eroded and have a clay-

plugged upper saprolite horizon, they pre-

sently tend to generate high volumes of
overland runoff and near-surface lateral
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flow.

10141, 10151. These soils formed in
interbedded glauconitic sandstone and

_ siltstone saprolite of the lower Pumpkin

Valley Shale and occur on broad convex
landforms on the lower southern slopes of
Pine and Haw ridges. The rock from
which these soils are derived had a very
small content of carbonate because the tree
species, especially chestnut oak, that grow
on these soils can tolerate acidic infertile
soils and are evidently unable to tap into
any calcium carbonate at depth. Very little
white oak, poplar, hickory, dogwood, or
ground cover that requires higher levels of
natural fertility grow on any of the Pump-
kin Valley soils. These soils produced
colluvium during the Pleistocene when-
ever the upper horizons of the soil became
so overly saturated that stability was lost.

10241,10251. These soils formed in inter-
bedded glauconitic sandstone-siltstone
saprolite of the lower Pumy «in Valley
Shale, where they occupy narrower,
steeper, or more convex landforms on the
lower slopes of Pine and Haw ridges. The
argillic horizon contains well-developed
structure and 5YR to 10YR hues. Depth to
the Cr horizon is generally less than 50 cm,
but can range to about 80 cm.

10361. These soils formed in less weath-
ered glauconitic sandstone-siltstone
saprolite of the lower Pumpkin Valley
Shale. They occupy steep side slopes of
drainageways cutting headwardly into
and through the Pumpkin Valley Shale on
the south side of both Pine and Haw
Ridges. Overland runoff on these steep
slopes has removed soil from the surface
almost as fast as it has been added by rock
weathering at the base of the soil. These
soils have a very high erosion potential in
their natural forested state. Clearing



would increase the erosion hazard as well
as increase the rate of downslope move-
ment of earthy material by gravity as creep
or solifluction in a moist state or as mud or
debris flows in a saturated state. Depth to
paralithic materials averages about 50 cm,
but ranges from about 75 to 120 cm. Dur-
ing the summer heat and drought of 1986,
there was premature leaf drop from trees
growing on these soils. These soils are
hydrologically important because they
generate rapid overland or near-surface
lateral flow during storm events.

10422, 10432, 10441, 10442, 10443. These
soils formed in the very dusky red shale
and siltstone with thinner interbedded
very fine grained glauconitic sandstone
saprolite of the upper Pumpkin Valley
Shale. Depth to the Cr horizon (paralithic
materials) is less than 50 cm, but can be as
much as 120 cm due to variable weather-
ing of individual strata. Because of past
erosion, these soils have lost most of their
capacity to retain rainfall. Consequently,
they probably now generate more over-
land or near-surface lateral flow than what
percolates downward into deeper saprolite
layers.

3.3.6 Friendship Formation (Formerly
Rutledge Limestone)

Strata above the Pumpkin Valley Shale
exhibit a rapid lithofacies transition in the
vicinity of the ORR (Hasson and Haase
1988). Southeast of the ORR, the formation
is dominantly ribbon-bedded carbonate
with an upper unit of dolomite. In the
ORR, the Friendship formation, named for
a section cored in the Joy-2 core hole that
crops out near Friendship Cemetery in
Melton Valley, is dominantly clastic with
some limestone. A good section of the
Friendship is also exposed at Dismal Gap.
West of the ORR, the clastic content of the
Friendship formation continues to increase
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and it becomes unrecognizable as a sepa-
rate unit. Within the ORR, the Friendship
formation varies in thickness from 21 to
48 m (Table 3-1).

The base of the Friendship formation is
characterized by three coarse-grained
limestone beds that range from wavy to
lenticularly bedded and are locally mottled
and bioturbated. The limestones are inter-
bedded with distinctive maroon shale and

. mudstone. These lithologies combine to

form a 6-m-thick sequence referred to as
the “three limestone beds” (deLaguna et
al. 1968) and produce a very distinct three-
pronged pattern on gamma-ray and
neutron borehole logs (Fig. 3-5). This
pattern serves as an excellent stratigraphic
marker throughout the ORR (Haase et al.
1985). The relatively clean, dark maroon
shales in the lower Rutledge give way to
dark-gray shale with thin calcareous
siltstone interbeds. The siltstone interbeds
in the upper part of the Friendship forma-
tion are generally thinner than those in the
lower part of the formation, and litholo-
gies coalesce more here. Limestone beds
are commonly ribboned or wavy bedded,
and some are greatly bioturbated and
contain abundant glauconite pellets.
Glauconite stringers commonly occur
within the calcareous siltstone interbeds.

The Friendship formation consists of
light-gray, micritic to coarsely crystalline
thin- to medium-bedded limestone, com-
monly containing shale partings, that is
interbedded with dark-gray or maroon
shale beds. Bed thicknesses range from
0.6 to 1.5 m. The limestone is locally
glauconitic, rarely fossiliferous, and evenly
divided between wavy laminated and
bioturbated lithologies with horizontal
burrows.

The contact between the Friendship
formation and overlying Rogersville Shale
is abrupt and recognized by the absence of
0.3-m-thick limestone beds and the ap-
pearance of maroon shale. The contact is
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placed at the top of the uppermost lime-
stone bed. On geophysical logs, the
contact is characterized by baseline shifts
(locally pronounced) in both the the
gamma-ray and neutron logs (Fig. 3-5).
These baseline shifts are associated with an
increase in the limestone content of the
Friendship formation relative to the
Rogersville Shale. The spiked character of
the gamma-ray and neutron logs suggests
that limestones within the upper part of
the Friendship formation occur within
discrete beds, separated by more shaly
intervals.

3.3.7 Friendship Formation (Formerly
Rutledge Limestone) Soils

Most areas of the Friendship formation
in the Bear Creek area are buried by either
alluvium or colluvium. Weathering of the
high calcium carbonate sections of the
formation results in collapse of the residue,
which is subsequently buried. The weath-
ering of the siltstone and shale sections,
with lower calcium carbonate content,
forms saprolite, which has some surface
exposure on low topographic highs.
Friendship soils have sporadic distribu-
tion, an indication of the highly variable
lithological nature of this formation in the
area. The Friendship formation in Melton
Valley is dominated by siltstone saprolite
with thin to thick red clay seams that
weathered from high carbonate content
strata.

10522, 10523, 10532, 10533, 10543. These
soils formed in silty and clayey saprolite
that weathered from calcareous clastic
rocks. The clay-enriched subsoil com-
monly has a 7.5YR to 5YR hue. The sapro-
lite beneath has a wide range of colors.
The loss of dusky-red saprolite and the
appearance of red clayey strata mark the
transition from the Pumpkin Valley to the
Friendship. The disappearance of red
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clayey strata and the appearance of thin
shale strata mark the transition of the
Friendship into the Rogersville. Coatings
on fragment faces in less weathered sapro-
lite is also utilized in formation boundary
determinations in the field.

3.3.8 Rogersville Shale

The Rogersville Shale varies in thick-
ness within ORR from 21 to 36 m (Table
3-1). Throughout much of the central belt
in eastern Tennessee, a limestone-rich
interval known as the Craig Limestone
Member can be delineated within the
upper portion of the Rogersville Shale
(Rodgers 1953, Hasson and Haase 1988).
The Craig Limestone Member, while
recognizable in the Copper Creek thrust
sheet has not been recognized in the
Whiteoak Mountain thrust sheet in Bear
Creek Valley (Lee and Ketelle 1989) and is
not mappable on the surface as a separate
unit.

The Rogersville Shale is characterized
by mascsive to very thinly bedded non-
calcareous mudstone and evenly to wavy
bedded calcareous and noncalcareous
siltstone. The mudstones are massively to
very thinly bedded and exhibit parallel
laminated to wavy to poor stratification.
The lower part of the Rogersville Shale
consists mostly of dark-gray mudstone.
Where maroon shale occurs in the lower
part of the formation, it is thinner and
more chocolate-brown than the upper
portion. Siltstone interbeds are gray to
gray-green and exhibit wavy to lenticular
to even parallel stratification that com-
monly contain crossbedding. Most silt-
stone intervals have upward-fining graded
bedding with scour surfaces at the bottom
and mud-draped tops. Amalgamation of
two or more siltstone intervals is common.
Siltstone is typically calcareous and con-
tains abundant glauconite pellets. Glauco-
nite partings also occur as bioturbated



beds several centimeters thick, in contrast
to the much lower glauconite content of
the siltstone beds in the overlying Dismal
Gap formation. In the Dismal Gap,
glauconite is rare, except for random
disseminations in siltstones of the lower-
most part of the formation. In portions of
Bear Creek Valley, a medium-gray, me-
dium-bedded limestone, which is typically
glauconitic and is generally less than 0.6 m
thick, may be present.

The upper part of the Rogersville Shale
consists mostly of maroon shale that
conlains thin (less than 2.5 cm thick),
wavy, light-gray, calcareous siltstone or
argillaceous limestone lenses in varying
amounts. Thin glauconitic partings are
liberally incorporated within these lenses.
The stacking of these variably colored
lithologies gives the upper part of the
Rogersville Shale an overall thinly lami-
nated appearance. A distinctive reddish,
massive- to thick-bedded mudstone occurs
immediately below the contact between
the Rogersville Shale and Dismal Gap
formation. This lithology, whichis 1 to
2 m thick, is persistent throughout the
study area and serves as an excellent
stratigra-phic marker for the upper part of
the Rogersville Shale.

The contact between the overlying
Dismal Gap formation and the Rogersville
Shale occurs at the bottom of the lowest
comparatively thick limestone bed of the
overlying Dismal Gap formation. Geo-
physically, the contact is characterized by
a sharp anomaly on the gamma-ray and
neutron logs (Fig. 3-5) that is associated
with a prominent limestone bed. The
lower part of the Dismal Gap formation is
significantly more shale-rich than the
upper portion (Haase et al. 1985) and
resembles the underlying Rogersville
Shale; thus no significant baseline shift
would be expected in the logs.
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3.3.9 Rogersville Shale Soils

The No. 200, No. 201, and the No. 202
soils form a weathering sequence on the
Rogersville Shale, with the No. 200 soils in
the least weathered class and the No. 202
soils the most weathered. The No. 200 and
No. 201 soils occupy most of the surface
area. The No. 202 soils have very limited
extent because stable surfaces and low-
gradient slopes are lacking.

3.3.10 Rogersville Residuum

20051, 20061. These soils occur almost
exclusively on steep north and northeast
aspects below Dismal Gap ridge tops. The
saprolite beneath the soil solum ranges
from light-gray to light-red siltstone and
claystone and commonly contains glauco-
nitic strata. These soils, because of the
steep slopes on which they occur, generate
overland flow, which removes surface soil
material almost as fast as the underlying
rock weathers to form soil.

20121, 20142, 20143, 20151, 20161. These
soils make up the largest areal extent of
soils that formed in saprolite from the
Rogersville Shale. They occur on summits
and side slope landforms. Severely eroded
areas have lost most or all of their diagnos-
tic morphologic features. Because of the
shallow soil solum, these soils do not have
much water-retaining capacity, so over-
land flow or near-surface flow is common,
especially on dip slopes. The rougher rock
surface of obsequent or scarp slopes allows
for longer water residence time; therefore,
more water tends to enter and move
downdip along planar surfaces and gradu-
ally downward through joints and frac-
tures.

20222, 20223. These soils formed in sapro-
lite from steeply dipping Rogersville
shales and siltstones. They have a continu-



ous Bt horizon, but of variable thickness.
The Bt horizon has a yellow-brown to
strong-brown color in 10YR and 7.5YR
hues, in contrast to the 5YR and 2.5YR
hues of Dismal Gap Bt horizons. Depth to
the Cr horizon is also highly variable,
ranging from less than 50 cm to more than
100 cm. These soils, of limited extent,
occur only on gently sloping upland
summits that were cultivated in the past.

3.3.11 Dismal Gap Formation (Formerly
Maryville Limestone)

The Dismal Gap formation is infor-
mally defined here for exposures along
Dismal Gap Road southeast of Eagle Bend
on the Clinch River in eastern Anderson
County, Tennessee (Powell quadrangle).
The unit here consists of about 60 to 70
percent clastic material and 30 to 40 per-
cent limestone. Intraclastic, oélitic, and
wavy laminated limestone is interbedded
with dark-gray shale. The shale typically
contains wavy laminated, coalesced lenses
of light-gray limestone and calcareous
siltstone. The silty limestone produces a
minor ridge along Dismal Gap Road as
well as in Melton and Bear Creek valleys.

The Dismal Gap formation (or
Maryville Limestone), is not subdivided
into members throughout most of eastern
Tennessee (Rodgers 1953, Hasson and
Haase 1988), but a dolomite unit was
recognized (Hatcher 1965) in the north-
eastern part of the Dumplin Valley fault
zone that appears to be a western tongue
of Honaker Dolomite. This dolomite
occurs within the upper part of the
Maryville. Within the Oak Ridge vicinity,
however, the formation contains separate
lithofacies that allow it to be divided,
informally, into an upper and lower unit,
at least within the immediate vicinity of
the ORR. The Dismal Gap formation has a
thickness of 95 to 158 m in the ORR
(Table 3-1).
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The lower unit of the Dismal Gap
formation is composed of 0.15- to 0.5-m-
thick beds of locally calcareous mudstone
interstratified with pelloidal or oélitic
calcarenite and calcareous siltstone. The
mudstone is thinly bedded to thickly
laminated with even to wavy parallel
stratification that locally exhibits current-
rippled structvzes and 1.5- to 5-cm-thick
upward-fining siltstone-rich intervals. The
limestone occurs in discrete 5- to 20-cm-
thick beds in typically upward-coarsening
cycles. Such cycles are similar to those
observed in the overlying Nolichucky
Shale except that the cycles in the Dismal
Gap formation are thinner. The upward-
coarsening cycles begin with calcareous
mudstone. The mudstone is overlain by
thinly bedded, locally calcareous siltstone
and calcarenite that is evenly to wavy
current-ripple stratified. Such lithologies
typically comprise several amalgamated
upward-fining sequences 1.5 to 5 cm thick.
The upward-coarsening cycle is capped by
massive to thinly bedded evenly to wavy
stratified odlitic or intraclastic calcarenite.
Within the lower part of the Dismal Gap
formation, the upward-coarsening cycles
exhibit a large amount of variability with
one or more of the components of the cycle
absent. A commonly observed variation is
the absence of the coarse-grained 06id-
bearing bed at the top of the cycle. An-
other commonly observed variation is the
amalgamation of two or more upward-
fining cycles that locally produce 0.15- to
0.5-m-thick wavy to evenly ribbon-bedded
calcarenite or silty calcarenite horizons.
The top of the cycle is marked by an
abrupt change to calcareous mudstone.
Glauconite pellets are common within the
intraclastic calcarenites in the uppermost
portions of many upward-coarsening
cycles.

The gamma-ray and neutron logs of
the lower unit have irregular baselines
(Fig. 3-6). Several relatively limestone-rich
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Fig. 3-6. Geophysical logs - Dismal Gap formation (formerly Maryville Limestone). Point A
represents a prominent zone of limestone.
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The least weathered No. 206 soils occur on
the steepest and most convex landforms.
They have no Bt horizon except in a few
deep pockets, and soil solum thickness is
usually less thar 50 cm to as little as 10 cm.
The No. 204 and No. 207 soils occur
only in the Solid Waste Storage Area 7
(SWSA 7) of Melton Valley. These particu-
lar soils occur on saprolite with a higher
siltstone content, and have a loamy Bt
horizon in contrast to the clayey Bt horizon
of the No. 203 soils. The No. 207 soils are
similar in morphology to the No. 206 soils
but are deeper to paralithic Cr horizons
and occur only on northeast to east aspects
where there has been deeper penetration
of water resulting in more weathering.
The Dismal Gap formation contains more
beds of calcium carbonate than the adja-
cent Rogersville and Nolichucky Shales.

3.3.13 Dismal Gap Residuum

20321. These soils formed in strongly
weathered Dismal Gap saprolite. The soils
have a Bt horizon with a 2.5YR hue, and
the underlying upper saprolite horizons
are tightly plugged by clay. These soils
occur on broad upland summits with little
convexity and on gentle, lower side slopes
in areas of steeper topography. The sapro-
lite under these soils is more weathered
and softer than that under the adjacent
No. 205 and No. 206 soils. Clay, iron, and
manganese are being translocated down-
ward in these soils. Clay plugging in the
upper saprolite, however, reduces perme-
ability so that water perches during pro-
longed storms and during the winter wet
season. It is during these wet periods that
the soil can become saturated, subse-
quently generating overland or near-
surface lateral flow of water. These soils
have limited extent.

20433,20443, 20444. These soils formed in
very acid saprolite weathered from calcar-
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eous siltstone and very fine grained sand-
stone facies of the Dismal Gap formation.
Thus far, in the mapping of the ORR, these
soils only occur in SWSA 7 between the
westernmost and easternmost drainage-
ways that bound the site. They are similar
to the No. 203 soils in morphology but lack
clayey subsoil horizons. These soils occur
on upland side slopes and are mostly well-
drained. The Cr horizon occurs at depths
of 50 to 100 cm, but is highly fractured and
porous so that water does not perch except
during periods of heavy rainfall. Cracks in
the upper 5 to 10 cm of the Cr horizon are
wide enough to admit-clay-sized particles.
Below this depth, only ions in solution can
pass downward through the saprolite joint
and fracture system into less weathered
and oxidized saprolite beneath and finally
into unweatiered rock. Iron and manga-
nese oxides and oxyhydroxides coat
fracture and joint faces in the upper oxi-
dized and leached saprolite zone. Three
zones occur in this uppermost saprolite.
The uppermost zone has a concentration of
iron that coats fragment faces red or dark
red. Below this is a2 mixed iron and manga-
nese zone where iron coats upper surfaces
of fragments and manganese coats lower
surfaces. In the lower zone, manganese
coats most fragments. Water flow zones in
the upper saprolite can be readily identi-
fied by light grayish-brown streaks. The
boundary between the uppermost oxi-
dized and leached saprolite and the
middle oxidized and partially leached
saprolite seems to be the zone where the
groundwater table fluctuates during the
year. The middle saprolite zone may be
several meters thick. The boundary
between the oxidized and partially leached
or unleached saprolite seems to coincide
with the groundwater level below which
there is little fluctuation. There are no
visible coatings below the water table. The
relationships between water tables, weath-
ering properties, and refusal of split spoon



and both large- and small-diameter power
augers have not yet been worked out.

These soils seem to have a high content
of soil fauna, which appears to be respon-
sible for the low bulk density and high
porosity of the solum. Ants, termites, and
other soil arthropods tunnel extensively
throughout the soil solum. Worms seem
to be absent due to very high acidity and
low organic matter content.

Small areas of these soils are covered
by a thin layer of colluvium, usually less
than 50 cm thick. Other small areas have
clayey subsoils, a reflection of the natural
geologic variability in this section of the
Dismal Gap formation.

20521, 20523, 20531, 20533, 20541, 20543,
20544, 20551. These soils occur on narrow
summits and upper and middle side
slopes with considerable convexity and are
the most extensive soils underlain by the
Dismal Gap formation. They formed in
less weathered but highly interbedded
siltstone and claystone with thin strata of
argillaceous limestone and very fine
grained sandstone saprolite of the Dismal
Gap formation. These strata have under-
gone differential weathering, which
increases soil variability, especially perme-
ability in the upper saprolite. Depth to
paralithic (Cr horizon) materials is highly
variable, ranging from less than 10 cm to
more than 100 cm over very short dis-
tances.

20641, 20643, 20644, 20651, 20661. These
soils occur on steep side slopes of drain-
ageways that are cutting headwardly
through the Dismal Gap formation, or they
are on highly convex shoulders and side
slopes of narrow spur ridges. Most areas
of these soils are located on northwest,
west, and southerly aspects. These soils
have a thin solum, usually less than 50 cm
thick above paralithic materials. The
saprolite directly beneath the solum
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usually has a 2.5Y to 5Y hue, or if more
weathered, has a 2.5Y to 10YR hue.

20751, 20761. The soils in these map units
formed in saprolite weathered from highly
fractured calcareous siltstone facies of the
Dismal Gap formation. They are on steep
and very steep northeast and easterly
facing side slopes and have slope gradi-
ents ranging from 25 to 85 percent. Most
slope shapes are doubly convex, but
straight inclined segments occur between
the break in the summit shoulder and the
lower beginning of the foot slope. On
some slopes with less past disturbance,
white oak is the dominant tree species,
indicating that roots of long-lived trees can
extend through highly weathered and very
acid saprolite into less weathered saprolite
or rock that contains calcium carbonate.
Calcium and other base cations are cycled
to the surface by these long-lived deep-
rooted trees. :

The soils in these map units are similar
to the No. 206 soils except that the depth to
the Cr horizon ranges from a*~ut 50 cm to
about 200 cm. The mid range .s between
70 and 100 cm. The Cr horizon is not clay-
plugged nor does it perch much water.
Above the Cr horizon, shale fragments are
silt- or occasionally clay-coated. Below the
Cr, most paralithic, fragmented shale
material is not coated with silt or clay
particles but with either iron oxide (red) or
manganese (black) plasma. The oxidized
and leached saprolite zone is thicker
beneath these soils than under the No. 206
soils. Nearly all areas of No. 207 soils are
on obsequent slopes where the shale dips
steeply into the slope.

3.3.14 Nolichucky Shale

The Nolichucky Shale is mappable
throughout the eastern and central belts of
the Conasauga Group in eastern Tennessee
(Rodgers 1953). In the ORR, the
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Nolichucky Shale can be informally di-
vided into three units, based on core and
geophysical log descriptions (Fig. 3-8). It
ranges in thickness from 154 to 187 m
(Table 3-1). Core descriptions are taken
from Forema. et al. (1991), and the reader
is referred to that article for a more de-
tailed description of the Nolichucky Shale
in the ORR. The subdivisions in Fig. 3-7
do not match those described from south-
western Virginia, where the Nolichucky
Shale can be divided into the upper shale,
Bradley Creek, and lower shale members
(Markello and Read 1981). Typically, in
southwestern Virginia, the Bradley Creek
Member occurs toward the middle of the
Nolichucky Shale and consists of shoaling-
upward cyclic algal limestone. Within the
ORR, however, lithologies typical of the
Bradley Creek Member have not been
identified. The absence of the Bradley
Creek Member is interpreted to reflect a
change in water depth during deposition.
Nolichucky deposition in Tennessee
occurred under water depths of several
hundred meters (Foreman et al. 1991),
whereas deposition in Virginia occurred
under shallow water conditions (Markello
and Read 1981, 1982).

Shale is the dominant lithology in the
formation with an approximate shale-to-
limestone ratio of 1:1.75. Shale intervals
range from less than 2.5 cm to approxi-
mately 3 m thick. Thick shale intervals can
be correlated with a high degree of confi-
dence between wells in the Whiteoak
Mountain and Copper Creek thrust sheets.
Dark-gray shale is the most common,
although black, dark-green, olive-green,
and brown shale are also present. The
darkest shale occurs in intervals where
other lithologies are the least abundant.
The shale has good fissility, especially in
outcrop. Horizontal laminae are well
preserved and are defined in thin section
by the paralle] alignment of clay mineral
flakes and, less commonly, intercalated
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glauconite and quartz-rich layers that are
usually less than 1 to 2 mm thick.

Iilite, chlorite, and kaolinite are the
dominant clay minerals in the Nolichucky
Shale (Lee et al. 1987, Weber 1988). Dolo-
mite, the dominant carbonate mineral in
the shale, occurs as euhedral rhombs with
iron-depleted cores and iron-rich rims.
The most common fossil debris observed
in the shale consists of phosphatic, inar-
ticulate brachiopods, as well as trilobite
fragments.

The lower unit of the Nolichucky Shaie
is characterized by intraclastic (flat-pebble)
limestone conglomerate interbedded with
shale and calcareous siltstone. The con-
glomerate is typically less than 0.3 m thick,
exhibits sharp upper and lower contacts
with shale, and can be either clast- or
matrix-supported. The conglomerate is
polymictic at the base of the Nolichucky
Shale and gradually becomes monomictic,
with monomictic clasts similar to underly-
ing interbeds of limestone or calcareous
siltstone. Comparisons between the
Copper Creek and Whiteoak Mountain
thrust sheets show that intraclast beds are
thicker in the Copper Creek thrust sheet,
lime mudstone clasts and skeletal and
peloidal clasts are more abundant in the
Copper Creek thrust sheet, and calcareous
siltstone clasts are almost nonexistent in
the Copper Creek thrust sheet.

Calcareous siltstone is most common
within the lower unit in the Whiteoak
Mountain thrust sheet and is apparently
absent in the Copper Creek thrust sheet.
Siltstone beds are generally less than 10 cm
thick with sharp tops and bases. This
lithology occurs at the base of coarsening-
upward sequences and is commonly
overlaid by carbonate turbidite and
intraclastic limestone debris flows. The
siltstone is commonly misidentified be-
cause it is easily mistaken for laminated,
fine-grained peloidal limestone. Scattered
beds of fossiliferous and peloidal pack-
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because the abundance of carbonate-rich
layers increases upward through the
interval of the contact (Helton 1967, Haase
etal. 1985). Examination of core data
within the study area, however, reveals
narrower transition. The contact can be
placed directly below the lowermost
massive 1.5- to 2-m-thick mottled lime-
stone of the Maynardville Limestone,
which also coincides with the uppermost
occurrence of dark-gray shale containing
light- to medium-gray, ribbon-bedded
lime mudstone. Geophysically, this
contact is placed immediately above the
highest right deflection on the gamma-ray
log and at the bottom of the fairly constant
carbonate (Maynardville) baseiine.

3.3.15 Nolichucky Shale Soils

The Nolichucky Shale in soil borings
can be readily identified by the oxidized
brownish-yellow or strong-brown color of
the claystone and siltstone saprolite alter-
nating with olive-hued saprolite from
calcareous strata and reddish-yellow clay
seams that weathered from limestone. In
contrast to the adjacent and evidently
more permeable Dismal Gap formation,
geomorphic processes of erosion and
denudation do not result in the formation
of high hills and steep slopes in the less
permeable Nolichucky Shale. The lower
permeability of this unit may have allowed
for higher overland runoff and conse-
quently for more equal denudation over
the entire landform; perhaps, freeze-thaw
cycles during the late Pleistocene were
more effective in reducing hilltop eleva-
tions. The combination of landform
configuration and saprolite colors were the
primary distinguishing characteristics
used to locate the surface boundary zone
between the Dismal Gap formation and
Nolichucky Shale. The lower Nolichucky
is interbedded with the upper Dismal Gap,
and the boundary zone is identified by
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interbedded olive-brown and strong-
brown strata and increasing amounts of
bright-red and black coatings on fragment
faces. The upper Nolichucky is also inter-
bedded with the lower Maynardville
where the number and thickness of argilla-
ceous limestone strata gradually increase.

The following No. 300, No. 301, and
No. 302 soils form a weathering and
drainage sequence.

3.3.16 Nolichucky Residuum

30021, 30023. These soils are on lower side
slopes where overland and subsurface
lateral waterflow from higher areas keeps
the lower part of the soil wet during
winter and spring. The upper part of Cr
horizon is usually plugged by gray clay.
They have a limited extent because they
are usually covered by No. 221 colluvium,
except at the base of long slopes where
colluvial materials have been deposited
farther up slope.

30122, 30123, 30133, 30143. These soils
occupy summits and upper, middle, and
lower side slopes. Because of favorable
topography, they were cultivated in the
past. Most areas, even on gentle slopes,
were severely eroded. These soils have an
intermittent Bt horizon with 10YR and
7.5YR hues. Clay flows in the underlying
saprolite have similar colors. Fragments in
the less weathered saprolite are thickly
coated with black manganese or brownish-
red iron compounds. Because of the
relatively impermeable nature of the
saprolite, the upper soil layers become
saturated readily and, because of the high
silt and clay content, tend to move
downslope quite readily. The soils in
these map units occupy the largest acreage
in the area underlain by the Nolichucky
Shale.



30222, 30223. These soils occur on very
gentle slopes throughout the extent of the
Nolichucky Shale, but they are most
common in the upper portion, which
contains a higher proportion of saprolite
weathered from argillaceous limestone.
These soils have a reddish-yellow Bt
horizon. The saprolite beneath is soft,
highly weathered, and clay-plugged in the
upper part. Some to most areas of these
soils were, at one time, covered by No. 995
alluvium and have been exhumed. A thin
smear of alluvium, less than 50 cm thick,
remains in some places where the eleva-
tion is less than 270 m (840 to 850 ft).

3.3.17 Maynardville Limestone

The Maynardyville Limestone is recog-
nized throughout eastern Tennessee and
occurs within all three phases of the
Conasauga Group (Hasson and Haase
1988). In the Valley and Ridge of north-
eastern Tennessee and southwestern
Virginia, the Maynardville Limestone is
divisible into upper Chances Branch
limestone and lower Low Hollow dolomite
members (Miller and Fuller 1954). In the
eastern part of the central-phase
Conasauga in the Rocky Valley and
Dumplin Valley areas, the upper
Maynardville is dominated by dolomite
and the lower is limestone-rich (Bridge
1956, Hatcher 1965). Toward the south-
west, in the ORR, the Maynardville is
more uniformly dolomitic and exhibits
more subtle vertical lithologic differentia-
tion than that described at the type section.
Thus, in the ORR, the contact between the
Chances Branch and Low Hollow Mem-
bers is not based on dolomite content.
Within the ORR, the Maynardville Lime-
stone varies in thickness from 79 m on the
Copper Creek thrust sheet to 127 m on the
Whiteoak Mountain thrust sheet. Because
of waste management concerns about the
influence of the Maynardville Limestone
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on Bear Creek Valley groundwater flow
systems, most Maynardville investigations
have been—or are being—conducted in the
Whiteoak Mountain thrust sheet and there
are fewer Maynardville data from the
Copper Creek thrust sheet (Haase et al.
1985).

The Maynardville is much better ex-
posed on the surface in the Copper Creek
thrust sheet than in the Whitecak Mountain,
possibly because of the shallower dip of the
Copper Creek thrust sheet or greater dissec-
tion near the Clinch River drainage. Sec-
tions of the Maynardville Limestone with
greater than 50 percent exposure are present
along the northwest slopes of Copper
Ridge. A particularly good section is
exposed on the northwest side of Rainy
Knob in the Freels Bend area of the ORR. In
this area, the Maynardville consists domi-
nantly of massively bedded fine-grained
massive to ribboned limestone, some dolo-
mitic, that in places contain a few shale
partings. A 3- to 5-m section of fine-grained
noncherty dolomite occurs at the top of the
Maynardyville beneath the contact with the
Copper Ridge Dolomite.

The Low Hollow Member is generally a
ribbon-bedded or mottled, fine- to medium-
grained, dolomitic calcarenite with incipient
stylolites and irregularly spaced beds of
odlitic calcarenite. Thin lenticular beds and
thin, wavy, pale-green to olive-gray shale
partings commonly occur within the ribbon-
bedded lithology, which imparts an overall
clotted appearance to the member sugges-
tive of an algal buildup origin. The o6litic
sequences are more common at the top of
the member, and the base is characterized
by the massive limestone that commonly
contains abundant stylolites. The natural
gamma-ray signature of the Low Hollow
Member reflects these distinctions (Fig. 3-8),
with the lower part showing a rather stable
baseline, and the upper part showing
greater deflections. Generally, each left-
ward deflection on the gamma-ray log



corresponds to an odlitic sequence. As
mentioned above, thicknesses within the
lower Maynardville vary greatly, usually
as a function of upper Nolichucky thick-
nesses. In the most extreme example
observed in Bear Creek Valley, the entire
Low Hollow Member is missing (Lee and
Ketelle 1989).

The Chances Branch Member consists
of medium to thinly bedded, buff and
light-gray dolomite, ribbon-bedded dolo-
mitic calcarenite and micrite, and medium-
gray odlitic calcarenite. The uppermost
Chances Branch Member consists of
thickly to thinly bedded dolomite and
intraclastic dolomitic calcirudite inter-
stratified with irregularly bedded to
mottled, bioturbated calcarenite that is
locally dolomitic. Lenticularly to wavy
laminated beds of dolomitic micrite occur
throughout the mottled calcarenite. The
middle section of the Chances Branch
Member consists of alternating horizons of
wavy to evenly ribbon-bedded calcarenite
interbedded with dolomitic o6litic cal-
carenite. Locally, these units are also
interbedded with thin (3 to 5 cm) shale
beds, which are responsible for the strong
rightward deflections of the gamma-ray
log (Fig. 3-8). In Bear Creek Valley and
Chestnut Ridge, in the Whiteoak Mountain
block, the Chances Branch Member exhib-
its a consistently lower gamma-ray
baseline than the Low Hollow Member
(Fig. 3-8). This shift is not observed in the
Copper Creek block and may reflect a
subtle lithologic change, although, to date,
these differences have not been investi-
gated.

The contact of the Maynardyville Lime-
stone with the overlying Copper Ridge
Dolomite, as mapped in the field, is grada-
tional, occurring within the dolomite that
occurs at the top of the unit. The contact in
the field is marked by the sudden appear-
ance of chert in the dolomite, particularly
silicified algae and, farther up, the appear-
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ance of concentrically ringed black and
white o6litic chert: Also present is a thin
(10 to 12 cm thick) sandstone to sandy
dolomite that has been observed in a few
places in the ORR.

The Maynardville-Copper Ridge
contact in core and geophysical'logs is
identified over a 3-m-thick interval. The
contact zone is marked by the appearance
of mottled to irregularly bedded tan to
light-brown calcarenite in the upper
portion of the Maynardville Limestone.
Within the contact zone, calcite content
decreases from over 90 percent in.the
Maynardville Limestone to essentially zero
in the lower Copper Ridge Dolomite,
while the dolomite content increases
progressively. The contact is marked
principally by an abrupt change in dolo-
mite content and in stratification patterns.
There is no consistent geophysical marker
that corresponds to the lithologically
identified Maynardville-Copper Ridge
contact. Rather, there is a change from a
moderately spiked to a smooth signal
either below the contact (GW-135, Fig. 3-8)
or coincident with the contact (JOY-2,

Fig. 3-8). The upper part of the Chances
Branch Member includes both this spiked
interval, where it occurs, and the interval
with a smooth baseline (Fig. 3-8).

3.3.18 Maynardville Limestone Soils

The Maynardville Limestone in the
ORR contains two major members. The
lower member consists of argillaceous
lirnestone interbedded with clay shale and
may be considered to be part of the bound-
ary zone between the Nolichucky and
Maynardville. Distinctive soils (No. 303
and No. 304) of limited and sporadic
distribution formed in this member. The
upper member consists of thicker beds of
noncherty carbonate that are separated by
thinner strata of clayey saprolite weath-
ered from interbedded shale and carbon-



ate. The No. 305 soils represent this upper
part in the Bear Creek section, but most of
the soils are buried under Bear Creek and
Grassy Creek alluvium and low terrace
soils. The upper member interbeds with
the lowermost massive dolomite of the
Knox Group Copper Ridge Dolomite. The
upper part of the Maynardville Limestone
is well exposed on steep lower slopes
above Melton Hill Lake. In this area there
are numerous rock outcrops and another
soil (No. 306) was mapped.

3.3.19 Maynardville Residuum

30343, 30363. The soils in these map units
formed in interbedded shalesiltstone and
limestone saprolite. They also contain few
to common limestone ledges. These soils
are mapped only in the Melton Hill area of
the ORR.

30423, 30433. These soils occur in the
transition zone between the Nolichucky
and Maynardville and in the lower
Maynardville. They formed in acidic
saprolite weathered from argillaceous
limestone and calcareous claystone. The
soils are deeply weathered and are more
than 1.5 m to hard rock. The very sticky
clay Bt horizon has a 5YR-7.5YR hue.

30521. These soils formed in thin resi-
duum of high carbonate content limestone.
The Bt horizon has a 10YR hue and high
clay content. Depth to limestone is 50 to
100 cm, highly variable, with abundant
pinnacles and ledges. These soils were
deeply covered by alluvium in the past,
but most has been removed by erosional
processes of Bear Creek and its meander
system.

30643, 30663. These soils formed in re-
siduum of the upper Maynardville Lime-
stone and are mapped only on the steep
north side of Melton Hill. Ledges and rock
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outcrops of limestone are abundant, but
the soil between ledges formed from
saprolite that contains a moderate content
of highly weathered shale fragments.
Most soil surfaces contain abundant chert
fragments, but these fragments have been
transported from higher areas. The clayey
subsoil of these soils contains little if any
chert. The subsoil chert content increases
in the boundary zone to the Copper Ridge
Dolomite.

3.4 KNOX GROUP

Robert D. Hatcher, Jr., Peter }.
Lemiszki, and David A. Lietzke

3.4.1 Introduction

Safford (1869) named the Knox Group
for exposures near Knoxville, Knox
County, Tennessee. Ulrich (1911) was the
first to subdivide the dolomite sequence.
Oder (1934), Rodgers (1943), Oder and
Miller (1945), Bridge (1945), Rodgers and
Kent (1948), Rodgers (1953) and Swingle
(1959) have refined the earlier subdivi-
sions. Harris (1969) proposed a revision of
the Ordovician Knox stratigraphy that
redefined the upper Knox, raising the
boundary of the Chepultepec Dolomite in
the section, lowering the upper and lower
boundaries of the Kingsport Formation,
and eliminating the Longview Dolomite as
a subdivision. Milici (1973) compared the
Knox stratigraphy proposed by Harris
(1969) and that of Bridge (1956), along with
a detailed description of the units in
nearby Knox County. Because of the ease
of recognition of the standard five units in
the field, we have chosen here to follow
the earlier subdivisions of Bridge (1956)
and Swingle (1959).

Faunal evidence indicates that the age
of the Knox Group is Late Cambrian and
Early Ordovician (Butts 1926, Oder 1934,



Resser 1938, Rodgers and Kent 1948). The
Knox was deposited in a peritidal environ-
ment on the extensive Late Cambrian—
Early Ordovician continental shelf, but the
mechanism for widespread dolomitization
is not clearly understood (Harris 1973,
Rankin et al. 1989). It forms the principal
strong (competent) unit to support the
folding and low-angle thrust faulting that
occurs throughout the Valley and Ridge
and the Cumberland Plateau.

The Knox Group underlies Copper
Ridge, Chestnut Ridge, Blackoak Ridge,
and McKinney Ridge in the ORR. Surface
differentiation of the Knox Group in the
field is based primarily on the characteris-
tics of weathered materials preserved in
the residuum. The Knox Group in eastern
Tennessee and adjacent states is divisible
into five formations: the Cambrian Copper
Ridge Dolomite and the Ordovician
Chepultepec Dolomite, Longview Dolo-
mite, Kingsport Formation, and Mascot
Dolomite. Although complete exposures
are relatively rare, the best exposure of the
Knox Group in the ORR is along the CSX
railroad tracks on the northeast side of
Melton Hill Reservoir north of Edgernoor
Road near Bull Run Steam Plant. This
should be considered the standard section
for the Knox Group in this area, because a
nearly complete section of fresh rock is
present here. All stratigraphic markers
that characterize the different formations
in the Knox Group have been recognized
here, along with the Middle Ordovician
unconformity at the base of the
Chickamauga Group. (See Appendix 1,
stops 2 and 3.) Total thickness of the Knox
Group ranges from 700 to 1000 m (2000 to
3000 ft) in eastern Tennessee with the
Copper Ridge Dolomite making up
roughly one-third of the total. The thick-
ness at the Bull Run section is approxi-
mately 720 m.

Lee and Ketelle (1987) studied the
lower Knox Group rocks on Chestnut
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Ridge southeast of the Oak Ridge Y-12
Plant, along with the upper Knox in the
same belt toward the southeast, and were
able to characterize some of the deposi-
tional environments of those parts of the
Knox. A number of wells have been
drilled in this part of the section, but
geophysical logs in the Knox are difficult
to correlate from hole to hole because of
the composition of the unit (see Figs. 3-9
and 3-10 b). The lower amplitude of the
gamma-ray log in the middle part of the
Mascot [well GW 146 with a total depth of
70 m (220 ft), see Fig. 3-9] may indicate an
increase in the limy character of the unit;
in reality, the unit becomes more siliceous
and dolomitic near the base. Logs in the
Copper Ridge (well GW 158 with a total
depth of 125 m, see Fig. 3-10) are also
indistinct.

3.4.2 General Description of Soils and
Landforms

Soils that formed in Knox Group resi-
duum and are on slopes up to 25 percent
seem to have thick enough clay-enriched
subsoil Bt horizons and solum thicknesses
to classify as Paleudults. Paleudults are
soils with genetic horizons thicker than 1.5
m and are considered to be truly old soils
on stable landforms. Knox Group residual
soils on slopes exceeding 25 percent are
mostly Hapludults. Hapludults are soils
with genetic horizons less than 1.5 m thick.
This reasoning is based on observations in
trenches, even though laboratory data do
not show much decrease in clay content.
The presence of saprolite-yellow colors (a
different shade of yellow than drainage-
yellow mottles) and loss of most pedo-
genic soil structure within a depth of 1.5 m
would indicate that the clay-enriched
subsoil horizon terminates before.the
required depth for Paleudults, even
though transitional BC and CB horizons
beneath may be quite thick and extend for
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many centimeters deeper. The relative
thinness of genetic horizons on steeper
slopes is an indicator of Pleistocene ero-
sional processes that have partially
stripped off upper soil horizons. This also
explains the presence of the widespread
colluvium on Chestnut Ridge and Melton
Hill.

The Chestnut Ridge area encompasses
all formations of the Knox Group. The
Longview Dolomite, situated between the
Chepultepec Diolomite and Kingsport
Formation, is thin but contributes large
blocks of chert, many dolomoldic, which
mantle the surface and have been let down
as “lag” onto the uppermost Chepultepec
and lowermost Kingsport. Commonly, the
Longview can be identified by thick chert
ledges, which have the greatest exposure
on steeper west-facing slopes where
drainageways have cut through. Some of
the smaller chert fragments from the
uppermost and lowermost Longview also
have a distinctive appearance, identified
by the presence of dolomolds. In the
present geomorphic erosion cycle, the
Longview Dolomite occupies ridge-top
positions, although where ridge tops
underlain by the Longview are broad
enough, the surface is mantled with a thin
layer of ancient colluvium, indicating that
in a previous erosion cycle, the Longview
was situated in a toe slope-drainageway
landform. Topographic inversion oc-
curred because the very high chert content
of both the residuum and overlying collu-
vium preserved the soils beneath, while
the adjoining less cherty soils, lacking any
comparable armoring, underwent faster
rates of denudation. There seems to be a
higher concentration of dolines and rock
ledges on Melton Hill than on Chestnut
Ridge. Chestnut Ridge seems to have
undergone more plastic deformation. The
effects are seen in large trenches where
chert strata and saprolite commonly have
a swirled appearance. Doline distribution
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on Chestnut Ridge appears to be more
sporadic, with some areas having a high
concentration and other areas having only
a few dolines. Large dolines appear to be
more widespread on Melton Hill, espe-
cially dolines that have orientation either
parallel or perpendicular to strike. There
are also more active sinkholes on Melton
Hill. Large, high-elevation dolines are
commonly associated with old or ancient
colluvium and alluvium.

3.4.3 Copper Ridge Dolomite

The Upper Cambrian Copper Ridge
Dolomite was named by Ulrich (1911) for
exposures on Copper Ridge in northeast-
ern Tennessee and southwestern Virginia.
It consists dominantly of massively bed-
ded cherty dolomite with beds ranging
from 20 to 70 cm'thick. The Copper Ridge
Dolomite is characterized by medium- to
coarsely crystalline, thick-bedded dark
brownish-gray saccharoidal dolomite that
gives off a fetid (petroliferous) odor on
fresh surfaces. This lithology dominates
the lower two-thirds of the unit, but,
toward the top, the medium- to light-gray,
fine-grained, medium- to thick-bedded
dolomite typical of the entire Knox Group
is more common. Chert is also more
common in the upper part. Micritic algal
limestone in minor amounts has been
noted in the upper part of the Copper
Ridge elsewhere in and southeast of the
Mascot-Jefferson City zinc district (Bridge
1956, Hatcher 1965), but has not been
encountered in either of the strike belts
represented in the ORR or in core.

The Copper Ridge is a siliceous unit—
a common ridge former in the Valley and
Ridge—characterized by the presence of
bedded odlitic chert, in which the 06ids are
concentrically banded with interlayered
light-tan and dark-brown to black rings,
with the dark rings dominant, and dark-
gray to black algal cryptozoon chert that



has a waffle iron appearance on weathered
bedding surfaces and resembles cabbage
heads in cross section. Most of the odids
are spherical, but oval or flattened shapes
are also present. Quartz sandstone beds
up to 20 cm thick cemented by either
quartz or dolomite are common in the
upper part of the formation, particularly at
the top, and a 10-cm-thick zone of sand-
stone may occur at the base. Other variet-
ies of nodular and massive bedded chert
may be present in the Copper Ridge that
occur throughout the Knox Group. Soils
commonly are cherty and colored orange
to tan to light gray; noncherty soils are
colored deep red. The contact with the
Chepultepec dolomite is mapped at the
base of a prominent sandy zone that pro-
duces abundant quartz sandstone float.
The Copper Ridge is approximately 250 to
350 m (800 to 1100 ft) thick.

3.4.4 Copper Ridge Soils

40031, 40033, 40041, 40043, 40044, 40053.
The soils in these map units formed in
residuum of the Copper Ridge Dolomite.
The residuum has high silt plus clay
content and highly variable chert content.
Soils of this unit are on doubly convex
landforms. The A and E horizons are very
cherty to extremely cherty due to lag chert
left behind as fines were washed down-
slope by overland flow. The underlying Bt
horizons vary in chert content from about
5 to 30 percent. Some included soils that
have more than 35 percent chert in the
subsoil, and others are almost chert-free.
The chert is commonly massive, but both
oodlitic and chalky types are present. The
upper part of the subsoil has a uniform red
(2.5YR) color and is free of yellow mottles.
In some areas the lower subsoil becomes
increasingly mottled in shades of dull
yellow, presumably due to decreased
permeability. Decreased permeability in
the lower subsoil can result in the tempo-
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rary perching of water and the develop-
ment of gray colors along with reddish
mottles.

Depth to rock is generally deep, pro-
bably more than 7 m (50 ft). Some drill
holes have penetrated more than 30 m

(100 ft) of saprolite before encountering
rock, although, because of karst geomor-
phic processes in an acidic humid environ-
ment and the way carbonate rock weath-
ers, pinnacles and ledges, either attached
or detached, are a common feature of the
underlying rock topography.

Surface depressions, generally referred
to as sinkholes or dolines, are a common
surface expression of underground col-
lapse of caverns and solution channels.
Some areas have a greater concentration of
dolines than other areas. Most of the
larger dolines occur on crestal landforms
or at relatively high elevations with
respect to ridge tops, evidence of their
relatively great geomorphic age. Many of
the larger high-elevation dolines are
commonly associated with colluvium.
They appear to be stable and do not
exhibit evidence of recent activity. One or
more layers of Pleistocene loess have been
deposited in many broad, shallow dolines.
Most dolines with active swallow holes
and cave entrances seem to be situated on
lower side slopes where surface and
subsurface flow from higher landforms
have been concentrated. More of these
features are observed on Melton Hill than
on Chestnut Ridge.

40151. These soils formed in residuum of
the Copper Ridge Dolomite and in less
than 50 cm of cherty surficial creep materi-
als. They occur in protected shaded and
cool northeast ard east aspects on the
north side of slopes. They have a thicker
and darker A horizon and a darker and
less distinct E horizon beneath than the
adjacent No. 400 soils, which occur on
southerly and westerly aspects. Rock



outcrops generally occur with a higher
frequency in areas of these soils. The
higher nutrient content of the No. 401 soils
compared with the No. 400 soils is re-
flected in the composition of the forest
vegetation, which includes canopy trees as
well as the forest floor vegetation.

40951. These soils formed in residuum
weathered from the lowermost Copper
Ridge Dolomite and the boundary zone
between the Copper Ridge Dolomite and
the Maynardville Limestone. Because of
the high carbonate content and lack of
skeletal structure, saprolite does not
commonly form. If saprolite does not
form, red clayey residual material lies in
nearly direct contact with rock with only a
thin weathering zone 2 to 10 cm thick
separating the soil from the rock. These
soils occur on the lower third of the slope
that forms the west side of Chestnut Ridge
in Roane County and also on the lower
side slopes of Melton Hill. Rock outcrops
are common to dominant. The presence of
long-lived red cedar is also a good indica-
tor that carbonate rock is fairly close to the
surface. Depth to rock is generally be-
tween 1 and 1.5 m, but is highly variable.

3.4.5 Chepultepec Dolomite

The Lower Ordovician Chepultepec
Dolomite conformably overlies the Copper
Ridge Dolomite. It was named for expo-
sures near Chepultepec, Blount County,
Alabama (Ulrich 1911).. The Chepultepec
is less siliceous than the Copper Ridge,
and thus is a valley former between the
more siliceous Copper Ridge and
Longview dolomites throughout most of
the Valley and Ridge of eastern Tennessee.
Most of the Chepultepec is composed of
light-gray, fine-grained, medium-bedded
dolomite of the type found elsewhere in
the Knox Group. Although other types of
dolomite are present, they are less abun-
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dant than the light-colored varieties.

In saprolite, the lower contact of the
Chepultepec with the Copper Ridge
Dolomite is marked by a change upward
from a clay soil with large chert fragments
to a sandy soil with large limonite-stained
sandstone fragments and small odlitic
chert blocks. The upper contact with the
Longview Dolomite is located at the top of
the less distinctive sandy soil containing
occasional pieces of sandstone float and
below massive float blocks of tan to white
chalcedonic chert.

Dolomite weathers to orange- to red-
colored clay soil with sandy streaks and
scattered masses of white odlitic chert.
The sandstone is composed of medium-
grained quartz that upon weathering is
friable, porous, and limonite-stained. The
amount of limonite determines whether
the color of the sandstone is white, tan,
yellow, or reddish-brown.

Chert in the Chepultepec is less abun-
dant and generally lighter in color than
that in the Copper Ridge Dolomite. The
Chepultepec is characterized by the pres-
ence of white o6litic chert beds,
dolomoldic chert, and a prominent zone of
quartz- and dolomite-cemented sandstone
at the base. This sandstone ranges from 1
to 5 m thick in the ORR. Much of the chert
found in float is light gray, cream, tan, and
white. The chert ranges from dense to
porous, and some is dolomoldic. The
Chepultepec is approximately 165 to 225 m
(500 to 700 ft) thick.

3.4.6 Chepultepec Soils

40221, 40222, 40231, 40233, 40241, 40243,
40251, 40253, 40261. The soils of these map
units formed in thick saprolite weathered
from the Chepultepec Dolomite. These
soils are on upland summits and convex
side slopes. Mapping units differ primarily
by slope and past erosion classes. The A
and E horizons of these soils have higher



chert content than subsoil horizons be-
cause of the lag gravel effect. The upper-
most Bt horizon in uneroded soils has a
10YR or 7.5YR hue and a clay loam tex-
ture, but the lower clayey horizons become
redder in 5YR and 2.5YR hues and the
amount of bright yellowish or reddish
colors from saprolite increases with depth.

40851, 40861. The soils in these map units
formed in thin, very high chert content, in
creep materials, less than 20 in. thick, and
in the underlying residuum from Chepul-
tepec chert beds. These soils occur only on
south-facing dip slopes. Trees growing on
these soils are tolerant of low fertility and
drought. These soils were delineated in
Walker Branch Watershed and only with
high-resolution mapping. To date, only
one delineation has been mapped on
Melton Hill near the top of the formation.

3.4.7 Longview Dolomite

The Lower Ordovician Longview
Dolomite was named by Butts (1926) for
exposures near the town of Longview
(now Algood), Shelby County, Alabama.

[t forms a prominent narrow ridge in the
middle of the Knox outcrop belt in the
ORR. It is the thinnest unit in the Knox
Group (42 m along the railroad tracks
northwest of the Bull Run Steam Plant)
and is composed of medium- to light-gray,
thin- to medium-bedded siliceous dolo-
mite. The finer-grained dolomite is locally
replaced by coarsely recrystalline dolo-
mite. Bedded and nodular chert are
commonly visible in fresh exposures, but
the massive, porous, porcellaneous white
chert that appears in weathered profiles is
rare in fresh rock or core. These fragments
of massive chert may be as much as 1 mor
more thick and 2 to 3 m long. Rare fresh
exposures also contain light-gray to white,
concentrically banded chert nodules and
lenses, as well as nodules of black, red,
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blue, and tan chert. The base of the
Longview is recognized by the appearance
of tan to white odlitic chert beds (top of
Chepultepec Dolomite). The Longview is
approximately 40 to 65 m (130 to 200 ft)
thick.

3.4.8 Longview Soils

40321, 40331, 40341, 40351, 40361. The
soils of these map units formed in very
cherty saprolite that weathered from the
Longview Dolomite. Soils in these units
occur only on narrow ridge tops and
summit shoulders. The soils of the
Longview Dolomite occupy a strip 16 to
about 50 m (50 to 150 ft) wide. Their
lateral extent cannot be mapped at a scale
of 1:12,000, but they can be mapped at a
scale of 1:1200. Small to large blocks of
dolomoldic chert on the surface tend to
help identify the presence of the Longview
Dolomite, but other chert from the
Kingsport Formation has also been let
down onto the Longview and does not
have dolomolds. Dolomoldic chert from
the Longview has also been let down onto
Chepultepec soils downslope, although in-
place dolomoldic chert in substratum
saprolite usually confirms that the soil
formed in Longview residuum. Longview
soils have redder upper subsoils than
Chepultepec soils, while the Kingsport
soils have highly weathered and soft white
chert fragments in the upper red clayey
subsoil. The lower subsoil of Kingsport
soils is typically highly mottled. Collu-
vium that is derived from the Longview
soils also has a very high chert content
throughout, and the foot slope colluvial
soils are loamy-skeletal with more than
35 percent chert by volume throughout the
soil. ~

These soils have limited extent, but
their identification can be important for
some land uses where high surface and
subsoil chert content is a limiting consider-



ation. Because of the high chert content,
they have low water storage capacity.
Trees tend to be subjected to several
drought-stress cycles during the summer.
Consequently, only trees that can tolerate
drought stress will grow well on these
soils. Longview soils have an additional
problem concerning geohydrology. Chert
beds tend to be zones where water moves
rapidly downward. This was observed in
deep soil cores and also at the large new
borrow pit located on the west end of the
Y-12 Plant. Chert pieces in the saprolite
typically have one of three appearances:
(1) the chert are surrounded by bright-red
clay; (2) the chert are surrounded by
highly crystalline black manganese oxides;
or (3) the chert have both red clay and
manganese oxides. The surrounding
saprolite is yellowish-brown to olive-
brown in color and has textures of silt to
silty clay. In contrast, reddish saprolite
always has a high clay content.

3.4.9 Kingsport Formation

The Lower Ordovician Kingsport
Formation was named by Rodgers (1943)
for Kingsport, Sullivan County, Tennessee,
and was used first on a map of the Copper
Ridge zinc district. The Kingsport Forma-
tion is composed of medium- to light-gray,
fine- to medium-grained dolomite of the
kind that occurs throughout the Knox
Group; coarse-grained light-gray recrystal-
line dolomite; fine-grained, pale-pink to
grayish-pink dolomite near the top; and
mas: ively bedded, mottled, calcilutite
limestone near the base. Much less chert is
produced from weathering of the
Kingsport than from the other formations
of the Knox Group. Nodular chert and
some bedded chert as well as dolomite- to
quartz-cemented sandstone occur in the
Kingsport. Because of the amount of
limestone present, however, it commonly
forms a valley between ridges of Longview
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Dolomite and the lower part of the Mascot
Dolomite in this area. Gastropods were
observed in chert float near the contact
with the Mascot Dolomite. The Kingsport
is approximately 100 to 165 m (300 to 500
ft) thick.

3.4.10 Kingsport Soils

40621, 40622, 40631, 40632, 40633, 40641,
40643, 40651, 40653, 40661. The soils of
these map units formed in saprolite weath-
ered from the Kingsport Formation. They
have a variable chert content, although it is
usually higher than 15 percent in the
subsoil. Subsoil chert is quite soft and
chalky and appears to be highly weath-
ered. This chert is being transformed to
kaolinite, which serves as an indicator for
these soils and helps to separate them from .
the adjacent Longview soils. The Bt
horizon is red (2.5YR hue) in the upper
part and does not exhibit much evidence
of degradation.

Most soils underlain by the Kingsport
are generally deep to rock and have few if
any outcrops. Ledges and pinnacles along
with a concentration of depressions were
mapped as Soil No. 407.

40751. The soils in this map unit formed in
residual materials weathered from the
upper Kingsport Formation. Ledges and
pinnacles are close to or exposed above the
surface. These soils were mapped only in
Walker Branch Watershed. Except for
higher chert content, they are very similar
in morphology to the No. 406 soils de-
scribed above.

3.4.11 Mascot Dolomite

The Lower Ordovician Mascot Dolo-

_ mite was named by Rodgers (1943) for the
Mascot zinc district northeast of Knoxville,
Tennessee. The Mascot consists mostly of
the same kinds of dolomite that occur in



the Kingsport, with greater amounts of
mottled pale-pink to grayish-pink and
greenish-gray dolomite in the upper part.
Calcilutite limestone beds occur mostly in
the upper part of the unit, but do not

compose a large part of the Mascot section.

Nodular and bedded chert are more
abundant in the lower part of the Mascot
than in the Kingsport, accounting for the
tendency of the Mascot to form a ridge
that is low and not as prominent as those
formed by the Longview and Copper
Ridge Dolomites. Jasperoid chert is also
present here. Scattered white, gray, red,
and tan chert nodules and pods occur
throughout the unit. Thick beds of coarse-
grained dolomite with scattered quartz
sand grains also occur sporadically in the
Mascot. Medium to thick, white chert
beds occur in the lower part and near the
contact with the Kingsport Formation.
Dolomite- and quartz-cemented sandstone
occur mostly in the lower part of the
Mascot. One or more zones of chert—
matrix sandstone occur at the base of the
Mascot and these zones may serve as a
marker that separates the Mascot from the
Kingsport. Where the chert-matrix sand-
stone is not present, the combined unit is
called the Newala Formation. The chert-
matrix sandstone may locally be replaced
by a quartz- or dolorite-cemented sand-
stone. The chert-matrix sandstone can be
traced troughout the ORR, thus permitting
separation of the two units.

The Mascot has the greatest variability
in thickness of any in the Knox because of
erosion on the Middle Ordovician
unconformity. Thickness of the Mascot
ranges from approximately 80 to 165 m
(250 to 500 ft) in the ORR, indicating that
the relief on the unconformity surface is a
minimum of 70 m.
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3.4.12 Mascot Soils

40431, 40432, 40433, 40441, 40442, 40443,
40451, 50453. The soils of these map units
formed in residuum weathered from the
Mascot Dolomite. These soils have a more
intense red upper subsoil than the adjacent
No. 406 Kingsport soils. In addition, the
subsoil has a much more plastic consis-
tency. The presence of sandstone frag-
ments and chert-matrix sandstones on the
surface and in the residuum serve as
additional indicators that the soils are
underlain by the Mascot Formation.
Because of the sandstone fragments, these
soils often have a higher sand content in
the surface with loam or fine sandy loam
rather than silt Joam textures. These soils
do not have any exposed rock outcrops,
but carbonate rock is evidently close
enough to the surface that lime-loving
trees such as redbud tend to grow well.
Areas with rock outcrops and exposed
ledges were mapped into the No. 405 soils.

40531, 40541, 40551, 40561. The soils in
these map units formed in saprolite weath-
ered from the uppermost Mascot Dolo-
mite. They are adjacent to soils of the
lowermost Chickamauga Group. The type
of chert in the Mascot (jasperoid and
chalcedonic) served to identify these soils
and was used to separate them from the
No. 406 and 407 soils (soft chalky chert) to
the north and the adjacent Chickamauga
soils on the south, which contain blocky,
tabular, brick-shaped chert fragments.

The presence of pinnacles and ledges,
especially noticeable on steeper slopes, is a
common surficial feature of the landscape.
Karst depressions are a common landscape
feature. The soils have a cherty or very
cherty lag gravel surface and upper subsoil
and highly variable chert content in the
lower subsoil. Depth to rock is also highly
irregular.
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staff for incorporation into the geophysical
database.

As part of site characterization investi-
gations related to the proposed Clinch
River breeder reactor, core and geophysi-
cal logs from locations were obtained.
Core descriptions and geophysical logs:
indicate that only the lower portion of the
Chickamauga was studied. The core is
stored in Building 7042, but despite being
stored under cover, the condition of the
core has deteriorated from handling.
Because of undetermined quality assur-
ance, it is likely that the core is unsuitable
for use in further investigations. The loca-
tion of the geophysical logs is unknown.

Lemiszki (1992) has compiled results
from The University of Tennessee—
Knoxville M.S. theses that studied the
Chickamauga Group in Raccoon Valley,
north of the Copper Creek fault and
northeast of the ORR (Fig. 3-13). These
theses include Harvell (1954), Boyd (1955),
Causey (1956), Lomenick (1958), Fields
(1960), Belvin (1975), Weiss (1981), and
Ashworth (1982). Numerous other Uni-
versity of Tennessee—Knoxville theses
dealing with Chickamauga Group rocks in
adjacent strike belts provide useful insight
into the lithologic variability of the units
and complex paleodepositional setting, but
are not included here. Walker et al. (1983)
and Ruppel and Walker (1984) have also
provided the regional paleodepositional
context for the Bethel Valley Chickamauga
Group. Results of the compilation and
stratigraphic comparison indicate that,
with minor lithologic and thickness varia-
tions along strike, nearly all are similar to
the section in Bethel Valley.

Stockdale (1951) applied an alphabetic
stratigraphic nomenclature (units A-H) to
bedrock units of the Chickamauga Group
in Bethel Valley similar to that adopted by
Rodgers (1953) for exposures in upper
eastern Tennessee and by Swingle (1964)
for the Clinton quadrangle northeast of the
ORR. Until recently, when attempts have
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been made to adopt a formal, regional
nomenclature, Stockdale’s nomenclature
has been used. Investigations performed
on the ORR subsequent to Stockdale’s
have applied the alphabetic nomenclature.
Recent efforts to apply regional strati-
graphic nomenclature to the Chickamauga
Group on the ORR have determined that
nomenclature described in Virginia and
eastern Tennessee may be reasonably
applied to the Bethel Valley section.

3.5.2.2 Bethel Valley lithologic descrip-
tions

Blackford Formation and Eidson Member
of the Lincolnshire Formation

Butts proposed the name Blackford
Formation for a series of conglomerates,
redbeds, gray shales, dolomites, and chert
beds that overlie the Knox Group at
Blackford, Russell County, Virginia
(Cooper 1956). The Blackford Formation
consists of a very thin (1 m thick) purplish-
maroon dolomitic limestone overlying a
thin bed of pale-olive limestone, which in
turn is overlain by a thick sequence of
purplish to maroon siltstone. Both lower
lithologies contain small, angular dolo-
mitic intraclasts, presumably derived from
the underlying Knox Group. Total forma-
tion thickness ranges from 70 to 80 m. In
general, the lowermost lithologies of the
Blackford are not mappable, but can be
recognized in core and in a few exposures
on the ORR. The bulk of the Blackford
Formation consists of massive- to thick-
bedded purplish to dark maroon and
olive-gray calcareous siltstone interbedded
with subordinate amounts of dark- and
light-gray calcarenite. Dark maroon to
purple, 5- to 10-cm-thick, bedded and
blocky chert is diagnostic of the Blackford
in the field.

In Virginia and elsewhere in eastern
Tennessee, the Lincolnshire Formation is
divisible into three members. In ascending
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order these are the Eidson, the Fleanor,
and the Hogskin Members. Presumably
because of lateral facies changes region-
ally, only the Eidson and Fleanor Members
are recognized on the ORR. The Eidson
type section is located north of Eidson,
Kyles Ford, Virginia (Cooper 1956). The
Eidson Member of the Lincolnshire
Formation is a relatively minor limestone
unit in the ORR with limited outcrop
exposure, but it provides a sharp contrast
to the maroon siltstones of the underlying
Blackford Formation. In core, the Eidson
Member is 20 m thick, but its thickness
may vary laterally on the ORR. It consists
of massive to nodular limestone with
bedded and nodular chert near the top.
The Blackford Formation and Eidson
Member constitute Unit A in Stockdale’s
nomenclature.

Fleanor Member of the Lincolnshire
Formation

The name Fleanor was proposed by
Cooper and Cooper (1946) from exposures
near Fleanor Mill near Heiskell, Tennessee.
The Fleanor Member of the Lincolnshire
Formation is a thick accumulation (75 to
80 m) of maroon, calcareous, and shaly
siltstone with numerous light-gray lime-
stone beds. Vertical burrows and general
bioturbation are common. The lowermost
and uppermost portions of the Fleanor
consist of thick, olive-gray calcareous
siltstone in contrast to the overall maroon
siltstone that characterizes the unit. The
introduction of thicker limestones and
subordinate maroon siltstones higher in
the section that constitute the Hogskin
Member of the Lincolnshire Formation are
not recognized on the ORR, and the entire
maroon siltstone section is referred to as
the Fleanor. The Fleanor corresponds to
Unit B in Stockdale’s nomenclature.
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Rockdell Formation

The type section for the Rockdell
Formation is near Elk Garden, Russell
County, Virginia (Cooper 1945). A thick
section of limestone, the Rockdell Forma-
tion, overlies the Fleanor. The Rockdell is
80 to 85 m thick and underlies the continu-
ous low ridge near the middle of Bethel
Valley. The lower portion of the Rockdell
contains light-gray calcarenite, dark-gray
calcareous siltstone, fossiliferous nodular
limestone, and birdseye micritic limestone.
Small chert nodules are common, and
evidence of vertical burrowing has been
observed. This lower lithology grades
upward to dense calcarenite, which con-
tains subordinate amounts of birdseye
micrite and nodular limestone. The com-
mon occurrence of bedded and nodular
chert is distinctive of the upper portion of
the Rockdell. The lower and upper litholo-
gies are of nearly equal thickness. The
Rockdell limestone can be seen in old
Rogers Quarry on the ORR. The lower
and upper lithologies of the Rockdell are
Units C and D, respectively, in Stockdale’s
nomenclature.

Benbolt Formation

This formation was defined by Cooper
and Prouty (1943) for exposures in
Virginia. The Benbolt Formation is a
relatively heterogeneous formation that is
110 to 115 m thick. The Benbolt consists of
thick interbeds of fossiliferous nodular
limestone; unfossiliferous, amorphous
micrite within a dark-gray siltstone matrix;
dark-gray siltstone; and unfossiliferous
calcarenite. A pale buff color is character-
istic of weathered Benbolt rock fragments
that are seen in vegetatively barren areas.
Rock core and geophysical logs show that
limestone content increases in the upper
23 m, which is indicative of the overlying
Wardell Formation. The greater limestone
content, however, is insufficient to be used



as a mappable unit. Therefore, although
the Wardell may be present on the ORR, it
is not mapped separately. The Benbolt
corresponds to Unit E of Stockdale.

Bowen Formation

The Bowen Formation was named by
Cooper and Prouty (1943) for exposures in
Bowen Cove, Tazwell County, Virginia.
The Bowen Formation is a maroon unit
that overlies the lower thick limestone of
the Benbolt and is a reliable marker for
field and subsurface correlations. The
Bowen is 5 to 10 m thick and consists of
maroon calcareous and shaly siltstone and
thin beds of light-gray to olive-gray lime-
stone and argillaceous limestone. Vertical
and horizontal burrows are prevalent
throughout the unit. The Bowen underlies
a very minor, discontinuous ridge in the
southeastern portion of Bethel Valley.
Stockdale referred to the Bowen as Unit F.

Witten Formation

The Witten Formation was proposed
by Cooper and Prouty (1943) for lime-
stones overlying the Bowen Formation in
Virginia and eastern Tennessee. The
uppermost limestone-dominated unit in
the Chickamauga Group in Bethel Valley
is the Witten Formation, which is 105 to
110 m thick. In many respects, the lower
Witten resembles upper Benbolt, and,
without the presence of the maroon Bowen
between, the Witten and Benbolt might
otherwise be mapped together. The
Witten consists of interbedded nodular
limestone; calcarenite; amorphous, thin-
bedded limestone and siltstone; and wavy
limestone. Extensively bioturbated beds
and beds with numerous bryozoa are
distinctive of the upper part of the Witten
Formation. Much of the Witten is exposed
along the interchange road cut connecting
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Bethel Valley Drive with EdgemoorARoad.
The Witten constitutes Unit G of Stockdale.

Moccasin Formation

Because it was largely removed by the
Copper Creek fault, the Moccasin Forma-
tion (Cooper 1956) is not fully represented
on the ORR. For the same reason, its
thickness varies from 100 to 170 m. Al-
though Stockdale reported 104 m of the
Moccasin on the ORR, subsurface investi-
gations have not encountered a complete
section of the formation. The Moccasin is
recognized as olive- to light-gray and pale-
maroon calcareous siltstone interbedded
with light-gray, fine-grained limestone.
Haase et al. (1985) described the upper
24.38 m of the Moccasin as interbedded
maroon-gray, calcareous siltstone; gray to
maroon-gray, shaly limestone; and maroon
mudstone. Weiss (1981) described as
much as 64 m of the Moccasin along the
road cut on the southwest corner of
Solway Bridge. The Moccasin represents
Unit H of Stockdale.

3.5.3 East Fork (Oak Ridge) Valley
Section

The Chickamauga Supergroup in the
Kingston thrust sheet of East Fork Valley
(Oak Ridge Valley) consists almost entirely
of limestone-dominated lithologies and
lacks the calcareous redbed units present
in Bethel Valley (Fig. 3-14). Comparisons
indicate that the East Fork Valley (Oak
Ridge Valley) section is amenable to the
application of the middle Tennessee Stones
River and Nashville Groups and younger
units stratigraphic nomenclature of Wilson
(1949) to the eastern Tennessee-Northern
Georgia region by Milici and Smith (1969).

3.5.3.1 Previoﬁs studies

The entire Middle to Upper Ordovician
sequence is preserved in the footwall of
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the Whiteoak Mountain fault and is ap-
proximately 575 m thick. Surprisingly, the
sequence in this strike belt has not been as
extensively studied as the belts towards
the southeast where the sequence is often
incomplete (Fig. 3-11). Previous workers
in the area were able to subdivide the
sequence on the basis of lithologic charac-
teristics (Kemp 1954, McMaster 1957,
Borowski 1982). Borowski (1982) de-
scribed the metabentonites in the Carters
Formation, but did not attempt to divide
the section into formations. Ghazizideh
(1987) applied middle Tennessee strati-
graphic terminology to the units in four
measured sections to the southwest of the
study area, but did not describe the basis
for the subdivision. His stratigraphic
descriptions did not identify some of the
major marker beds, such as the metaben-
tonites. R. L. Wilson (1986) mapped the
Ooltewah quadrangle farther to the south-
west of the work of Ghazizideh and was
able to identify the formations of the
Stones River and Nashville Groups, which
raises the Chickamauga to supergroup
status in eastern Tennessee (Milici and
Smith 1969). Milici (1991, Va. Geol. Surv.,
pers. comm.) mapped in the same strike
belt on the Watts Bar Reservoir and was
able to use middle Tennessee stratigraphic
characteristics and marker beds to identify
the formations of the Stones River and
Nashville Groups. The same stratigraphic
characteristics with little modification
were used to identify the formations in
East Fork Valley. Lithofacies analysis
indicates that the carbonate sequence was
deposited in a tidal flat and subtidal-
lagoonal environment on a gently sloping
platform-shelf environment (Ghazizideh
1987).
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3.5.3.2 East Fork (Oak Ridge) lithologic
descriptions

Stones River Group

The Stones River Group was named by
Safford (1851) for exposures along the
Stones River in Rutherford County, central
Tennessee.

Pond Spring Formation. The Pond Spring
Formation was named by Milici and Smith
(1969) for exposures in northwestern
Georgia. It was deposited on the Knox
disconformity. A basal conglomerate of
light greenish-red, fine-grained dolomite
with thin- to medium-bedded, light green-
ish-gray, fine-grained limestone or lenses
of shale and sandstone has been reported
locally (Borowski 1982, Wilson 1986), but
has not been observed to date during
mapping of the ORR. The lower part of
the formation is fairly well exposed in an

‘abandoned quarry on the Reservation and

consists of fine-grained, light-gray, thick-
bedded, micritic limestone. The middle
member of the Pond Spring is a thick-
bedded micritic limestone. The upper part
of the formation consists of greenish-gray,
grayish-red, micritic limestone and mud-
stone. The limestone can range from thin
to thick bedded, and the mudstone is
commonly mottled. The lithologic se-
quence and general thickness of these
members of the Pond Spring resemble the
lower portion of the Chickamauga (Units
A and B) in Bethel Valley. Thin beds of
porcellaneous chert occur throughout the
formation. The formation varies in thick-
ness between 100 to 160 m (300 to 500 ft),
because deposition occurred on the topo-
graphic highs and lows of the Knox dis-
conformity.

Murfreesboro/Pierce Limestone. The
Murfreesboro Limestone was named by
Safford and Killebrew (1900) for exposures
in and around Murfreesboro, Rutherford



County, Tennessee. The Murfreesboro
Limestone has a gradational contact with
the Pond Springs Formation that consists
of thin to massive beds of maroon; green,
and gray micrite. The rest of the unit is
composed of well-defined thin to medium
beds of micritic and fine- to medium-
grained limestone. Some thick beds occur
throughout the Murfreesboro, but they are
not as abundant as in the overlying Ridley
Limestone. The limestones are commonly
medium to dark gray and fossiliferous.
Some grayish-yellow argillaceous lime-
stone and thin zones of greenish-gray
calcareous shale are also present. The top
is a persistent zone of nodular, ropy, and
medium-bedded gray chert with silicified
fossils. The Murfreesboro Limestone
ranges from 58 to 76 m (180 to 250 ft) thick.

The Pierce Limestone was named by
Safford (1869) for exposures at Pierce’s
Mill in Rutherford County, central Tennes-
see. It consists of fine-grained, gray, thin-
bedded, flaggy to shaly limestone. Wilson
(1949) indicated the thickness of the Pierce
ranges from 6 to 2 m in several measured
sections in central Tennessee. It occurs in
East Fork Valley only 2s a thin shaly to
flaggy interval at the iop of the
Murfreesboro or base of the Ridley Lime-
stone that could not be mapped continu-
ously. Consequently, it was mapped with
the Murfreesboro Limestone (Plate 1).

Ridley Limestone. The Ridley Limestone
was named by Safford (1869) for exposures
in Rutherford County, Tennessee. The
most distinctive feature of the Ridley
Limestone is the predominance of medium
to thick massive beds. Near the base the
limestone is micritic and medium-grained,
with occasional tan-brown dolomite
splotches filling burrows. Coarser-
grained, fucoidal limestone in thick beds is
characteristic of the Ridley. The lime-
stones are medium to dark gray and can
give off a fetid (petroliferous) odor. Black,
nodular chert is common. The Ridley
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Limestone is approximately 88 m thick.

Lebanon Limestone. The Lebanon Lime-
stone was named by Safford and Killebrew
(1900) for exposures near Lebanon, Wilson
County, Tennessee. The limestone is
medium to dark gray and ranges from
micrite to medium-grained. Very fossilif-
erous and bioturbated, thin to medium
beds predominate with some thicker beds
in the middle of the unit. Argillaceous or
dolomitic fucoids are common, and brachi-
opods and bryozoa are abundant. The
contact with the Ridley Limestone:is
drawn on a change from thick massive
beds to thin to medium beds. The Leba-
non Limestone is approximately 60 to 69 m
thick.

Carters Limestone. The Carters Limestone
was named by Safford (1869) for exposures
along Carters Creek in Maury County,
Tennessee. The Carters Limestone consists
of upper and lower members separated by
the T-3 metabentonite. The lower part of
the Carters Limestone is medium- to dark-
gray, thin- to thick-bedded, fossiliferous
micrite. A prominent, dark-gray to black
chert bed immediately underlies the T-3
metabentonite at the top of the lower
member, and this chert bed serves as a
reliable field indicator. The T-3 metaben-
tonite occurs in a number of places as a
fissile light-green to maroon shale. The
upper member of the Carters is generally
thin to medium-bedded calcilutite with
minor amounts of calcisiltite and fine-
grained calcarenite. The rocks weather to
a light-gray to pale-buff color, and mud-
cracks and burrows are common. Fauna
are generally absent. The T-4
metabentonite occurs near the top of the
Carters. The Carters Limestone is approxi-
mately 128 to 137 m thick.

Nashville Group

The Nashville Group was named by



Safford (1851, 1869) for exposures within
the city of Nashville. The age of the
Nashville Group is Late Ordovician.

Hermitage Formation. The Hermitage
Formation was named by Hayes and
Ulrich (1903) for expostres near the Her-
mitage community in Davidson County,
Tennessee. It consists of argillaceous
calcilutite to sandy argillaceous limestone
to coarse-grained calcarenite in beds that
are poorly defined due to bioturbation. It
is olive-gray and light-gray, nodular,
argillaceous micrite. The formation is
poorly bedded and locally very fossilifer-
ous. Faunal diversity is characteristic of
the Hermitage. The Hermitage is approxi-
mately 20 m thick.

Cannon Limestone. The Cannon Lime-
stone was named by Ulrich (1911) for

“exposures in Cannon County, Tennessee.
A type section was designated by Bassler
(1932) in Cannon and Rutherford counties,
Tennessee. The Cannon is poorly exposed
in the ORR, but where observed it is a
thin- to medium-bedded, dark-gray
calcilutite to calcarenite. It commonly
consists of medium- to dark-gray, fossilif-
erous, medium-bedded limestone. Diverse
fauna occur in some beds, and nodular
and lenticular chert is common. The
Cannon Limestone is approximately 27 m
thick.

Catheys and Leipers Formations. The
Catheys Formation was named by Hayes
and Ulrich (1903) for exposures along
Catheys Creek in Lewis and Maury coun-
ties, Tennessee. The Catheys Formation is
argillaceous, yellowish-gray to medium-
gray, fossiliferous, thin- to medium-
bedded micrite and occasionally coarse-
grained. Shale partings and float blocks of
greenish-gray calcareous siltstone are
common. [t contains laminated to thin-
bedded calcilutite and calcisiltite that
weathers buff-colored and irregularly
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bedded fossiliferous limestone with shale
partings. The Leipers Formation consists
of fossiliferous, thin- to thick-bedded,
argillaceous, micritic limestone. It could
not be mapped as a separate unit because
exposures are rare. The Catheys and
Leipers Formations range from 98 to 138 m
thick.

3.5.4 Chickamauga Group Soils

The youngest group of rocks in the
survey area is the Chickamauga Group.
The soils are mostly Hapludalfs with some
Hapludults. The brick-shaped tabular
chert that litters the ground surface serves
to differentiate this group from the upper-
most Knox Group soils. The Fleanor
member of the Lincolnshire Limestone
consists of maroon mudstone and inter-
bedded limestone but lacks chert. This
unit has distinctive reddish, very shallow,
and extremely eroded soils. Very severely
eroded soils are Orthents, soils without
diagnostic subsurface genetic horizons,
while less eroded soils are mostly
Hapludalfs. Vegetation is dominated by
red cedar and Virginia pine. The Rockdell
Formation consists of gray limestones and
has shallow soils that classify as either
Hapludalfs, Argiudolls, or Rendolls.
These soils have high clay content in the
subsoil and a dark surface layer. The
Rockdell also contains cherty limestone
that occurs in elongated landform knobs.
The soils are deeply weathered and are
Hapludults or Paleudults. The Benbolt
Formation consists of a mixture of calcare-
ous mudstones and limestones and occu-
pies low topographic position in the
broader landscape. Most outcrops of the
Benbolt occur southeast of Bethel Valley
and New Zion Patrol roads. The soils are
mostly Hapludalfs and Argiudolls.
Benbolt soils have been tentatively identi-
fied on the north side of Whiteoak Moun-
tain fault. The Bowen Formation, although
narrow and not mappable, can be located



because it occupies a slightly elevated
ridge and has a reddish soil. The Witten
and Moccasin Formations occur on the
northwest lower slopes of Haw Ridge.
The Copper Creek fault is visible along
most of Haw Ridge, where it occurs quite
high on the slopes. Thereis a sharp .
change in slope gradient from the steep
Rome to the less steep Chickamauga at the
fault contact. A thin veneer of Rome
colluvium, commonly less than 30 cm
(12 in.) thick, usually covers the actual
location.

The Whiteoak Mountain fault marks
the location where the Rome Formation
has been thrust over the Chickamauga on
the north side of the ORR. The fault zone
in the Rome can be identified by the
presence of fault breccia, in which soils
with fairly thick clayey subsoils have
formed and depth to paralithic saprolite is
deep. The Chickamauga below the fault is
different from the Chickamauga on the
south side of the survey area. It seems to
have a higher siltstone and shale content
and commonly contains chert. Most of the
soils are underlain by Cr horizons and not
lithic limestone rock. The Pond Spring
Formation in the Oak Ridge K-25 Site area
is extremely heterogeneous. Depending
on bed thickness and mapping scale,
several distinctive soils are mappable. The
upper Murfreesboro contains a thick chert
bed that approaches 70 m (200 ft) in thick-
ness. This northern slice of the
Chickamauga appears to contain the
Benbolt and younger formations of the
Chickamauga. More definitive informa-
tion will be available after soil mapping
has been completed in the K-25 area.

3.5.5 Chickamauga Residuum

Residual soils in the Chickamauga are
identified by their distinctive morphology
and parent materials. They are further
separated by whether they are underlain
by hard rock or softer paralithic Cr materi-
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als. Soils in this section are listed first, by
which unit they are in, and second,
whether they are underlain by hard rock at
depths less than 1 m (40 in) or rock or
paralithic saprolite at depths of more than
1m (40 in). If the first symbol of the three-
digit soil series is a “5” symbol, it desig-
nates soils shallow to hard rock, while the
“6” symbol indicates deeper soils.

60041. The soils in this map unit formed in
reddish clayey residuum of the Five Oaks
Formation. These soils occur in ridge-top
landforms close to the Knox contact. A
mixture of lag chert from both the Knox
and Chickamauga occurs on the soil
surface. The subsoil is a red sticky clay or
silty clay with very little chert. These soils
are very similar to the No. 601 soils de-
scribed below, but have much less lag
chert in the upper soil horizons and less to
none in the subsoil beneath. Soils in this
map unit classify as Typic or Ultic
Hapludalfs: fine, mixed and thermic.
These soils have limited extent.

60141, 60143, 60151. The soils in these map
units formed in cherty saprolite of the Five
Oaks Formation. The chert in the Five
Oaks Formation has a tabular shape, about
the size of bricks, that helps in the identifi-
cation of these soils and their separation
from the uppermost Knox No. 404 and No.
405 soils. These soils usually have cherty
or very cherty Five Oaks Formation and
Benbolt Formation horizons. The clayey
subsoil beneath has variable chert content
and ranges in color from 2.5YR-hued reds
to 5YR reddish yellows. Ledges and
pinnacles of limestone are fairly close to
the surface, but there are very few
outcrops of rock except on very steep
slopes.

50031, 50033, 50043, 50044. The soils in
these map units formed in saprolite that
weathered from the Fleanor Member of the
Lincolnshire Limestone, which consists of



red or dusky-red calcareous shales and
siltstones with red and dark-gray litne-
stone strata. These soils have a dark loam
or silt loam surface that usually contain
some Five Oaks chert fragments. The Bt
horizon is red or dark red and has a high
clay content. The clay in these soils is also
very sticky. Depth to Cr in the shaly
material is extremely variable, ranging
from less than 25 cm (10 in) to more than

1 m (40 in) over a very short distance.
Where limestone occurs, a lithic contact is
encountered. Some areas of these soils are
severely or very severely eroded. In these
areas there are many outcrops of rock and
many gullies. The soils in these severely
eroded areas classify as Udorthents, soils
that have no diagnostic surface or subsoil
horizons. There is one unit, located north
of the ORNL Visitors Center, where soil
material was removed and used as fill in
and around the water reservoir. Severely
and very severely eroded areas have the
appearance of being natural “glades” with
sparse red cedar and grasses, but the
glades are mainly due to the effects of past
activities that resulted in the removal of
most of the soil and rooting medium for
plants.

60731, 60741. These soils formed in deeply
weathered dusky-red shales and siltstones
of the Fleanor and have red or dark-red
subsoil colors. They are mostly deeply
weathered with paralithic or lithic contacts
at depths more than 1 m (40 in.). These
soils seem to fit the “Solway” soil series
that was was proposed for Anderson
County but never correlated.

50121, 50131, 50141. The soils in these
units formed in high-grade gray lime-
stones of the Rockdell Formation. These
soils have a dark clay loam or clay surface
layer and a dark yellowish-brown heavy
clay subsoil. Depth to hard rock (these
soils have a lithic contact) is extremely
variable, ranging from a few inches to
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63

more than 1 m (40 in.) in a very short
distance. Rock outcrops are numerous in
all units. Vegetation ranges from mostly
red cedar to mixed cedars and hardwoods
to mostly hardwoods. Most areas of these
soils had too many rock outcrops to culti-
vate, but most areas were probably
cleared, planted to grass, and pastured.
Most areas of these soils were identified as
Gladeville-Rock outcrop complex in the
Anderson County soil survey report.

60631, 60641, 60651. These soils formed in
cherty, deeply weathered Rockdell Forma-
tion saprolites of the Chickamauga Group.
These soils are mostly on elongated cigar-
shaped ridges. The ORNL Visitors Center
is located on a delineation of these soils.
These soils have a cherty loam or silt loam
surface layer and a yellowish-brown to
yellowish-red cherty clay loam or clay
upper Bt horizon. The middle cherty clay
Bt horizon is yellowish red to red. Lower
horizons become mottled in shades of red
and yellow, with gray streaks.

60331, 60341. The soils in these map units
formed in saprolitic materials weathered
from argillaceous limestone of the Benbolt
Formation in the Bethel Valley section.
These soils are next to the cherty to very
cherty Rockdell Formation No. 606 soils,
but contain no subsoil or substratum chert.
The surface commonly contains chert that
has been let down from higher landforms.
These soils have a bright-red to strong-
brown clay upper Bt horizon, which
becomes highly mottled with yellows and
reds with depth. The lower BC, CB, and C
horizons are mostly yellowish sticky clay.
Gray wetness mottles occur in the lower Bt
and horizons beneath. Depth to a lithic
contact is more than 125 cm.

50522, 50531, 50533. The soils in these map
units formed in clayey residues of Benbolt
Formation in the Bethel Valley section of
the Chickamauga. Depth to rock is 50 cm



to 1 m (20 to 40 in.). Rock ledges range
from few to many.

50333. One delineation has been mapped
thus far. It is located in Hot Yard Hollow
and extends into Hot Yard from the east.
This map unit is on the north side of
Whiteoak Mountain Fault and formed in
the Benbolt Formation. This soil formed
from a high-grade limestone that probably
contained some volcanic ash and
interbedded clay shale. This soil has a
dark clay loam or clay surface layer and a
dark yellowish-brown subsoil with more
than 60 percent clay. Depth to rock is
more than 50 cm.

60223. These soils formed in the Benbolt
Formation and younger units of the
Chickamauga that are located below the
Whiteoak Mountain fault. Only one unit
has been mapped thus far. It is located in
Hot Yard Hollow and extends into Hot
Yard from the east. This soil has a dark
clay loam or clay surface layer and a dark
yellowish-brown clay subsoil. Gray
mottles occur within the upper 25 cm of
the Bt horizon. Depth to rock is 100 cm or
more.

60531, 60533, 60543, 60544. Soils in these
map units formed in shaly saprolite of the
Benbolt. These soils are located in the
Chickamauga located below the Whiteoak
Mountain fault north of Pine Ridge. These
soils formed in a yellowish-brown, very
sticky saprolite that has the appearance of
having weathered from a calcareous
claystone-siltstone. Thin beds of chert
fragments are in the saprolite. Some chert
fragments are on the surface, while
drainageway soils also contain few to
common chert fragments.

50621, 50633, 50641, 50651. Soils in these
map units formed in the clayey residue of
the Bowen and the Moccasin formations.
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Depth to rock is extremely variable, and
ledges range from few to numerous.

50741, 50743, 50751, 50753. The soils in
these map units formed in clayey residues
of the Moccasin Formation. These soils
have a reddish clay subsoil, with the red
apparently inherited from the iron oxides
of the rock beneath. Rock ledges are rare
in these soils except on steep eroded areas.

Note: Soil mapping has just started in the
K-25 area of the ORR. Rock units are
different in the K-25 section of the
Chickamauga from those in the Bethel
Valley section. Bethel Valley soils will be
used in the K-25 section where apparent
morpnology and properties are similar.
New soils will be established as needed so
that one soil series is not mapped over
more than one formation unless the
saprolitic residues are similar.

3.5.6 Chickamauga Colluvium

Most of the colluvium that occurs in
the Chickamauga is derived from cherty
colluvium that washed from higher areas
of Knox soils. Within the Chickamauga,
most colluvial soil materials are generated
from the Five Oaks and Rockdell forma-
tions. Colluvial soils that formed wholly
in Chickamauga colluvium are restricted
to drainageways that head in the
Chickamauga. Drainageways that head in
the Knox and that cut through the
Chickamauga contain a mixture of chert
that is dominated by Knox soil materials.
54031, 54041. These soils formed in collu-
vium derived from higher Chickamauga
residual Five Oaks and Rockdell Forma-
tions soils. These soils typically have a
2.5Y hue in the upper Bt horizon. Lower
horizons become increasingly mottled
with gray. Some areas of these soils that
are on low toe slopes next to alluvial soils
show some evidence of having partially
formed in old alluvium similar to the



No. 995 alluvium, but with higher clay
content.

54141, 54151. These soils formed in cherty
colluvium derived from both the K»ox and
Chickamauga and are underlain by
Chickamauga residuum. These soils are in
narrow drainageways consisting of a
floodplain (Udifluvents) and colluvial side
slopes. These soils are very similar in most
characteristics to the No. 430 soils that are
underlain by Knox residuum.

3.6 REEDSVILLE SHALE

The Upper Ordovician Reedsville
Shale was named by Ulrich (1911) for
exposures near Reedsville, Mifflin County,
Pennsylvania (Rodgers 1953).

The Reedsville consists primarily of
thin-bedded, often calcareous, orange-
brown and gray-green shale and siltstone.
The shale also contains black manganese
stains. Near the lower contact with the
Middle Ordovician Catheys Formation,
thin, fossiliferous, limestone lenses are
interbedded with the shale. Although no
fossils were found during mapping,
McMaster (1957) found brachiopods,
gastropods, crinoid stems, and bryozoans
in the limestones and a few bryozoans and
brachiopods in the shales. The thickness
of the Reedsville shale is approximately
60 m (180 ft).

3.7 SEQUATCHIE FORMATION

The Upper Ordovician Sequatchie
Formation was named by Ulrich (1914) for
exposures in Sequatchie Valley, Bledsoe
County, Tennessce, and has a Late Ordovi-
cian age (Wilmarth 1938).

The Sequatchie Formation is composed
of thin- to medium-bedded, gray to
maroon-gray, argillaceous limestone;
calcareous, maroon shales (sometimes
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sil*;); and minor amounts of fine-grained
limestone (Fig. 3-2). The argillaceous
limestone is often mottled in shades of
maroon and green. The formation is well
exposed on the upper slopes on the north-
west limb of the syncline. The southeast
limb has relatively few exposures. The
lack of exposure and the gradational
nature of the contact between the
Sequatchie Formation and Reedsville Shale
make the contact difficult to pinpoint.
Detailed sedimentologic studies of the
Sequatchie Formation conclude a locally
emergent tidal flat or deltaic depositional
conditions (Thompson 1970, Milici and
Wedow 1977). The best exposures of the
Reedsville Shale and Rockwood Formation
in the ORR are along Melton Lake Drive.
The formation is approximately 60 m

(180 ft) thick in the ORR.

3.8 ROCKWOOD FORMATION

The Rockwood Formation was named
by Hayes (1891) for exposures at
Rockwood, Roane County, Tennessee. The
original Rockwood Formation included
what is now known as the Sequatchie
Formation. The Rockwood Formation is
assigned a Lower Silurian age based
primarily on brachiopod faunas (Wilmarth
1938, Berry and Boucot 1970). The contact
between the Rockwood Formation and
Sequatchie Formation is placed between
sandstone, siltstone, and shale of the
Rockwood overlying maroon, calcareous
shale of the Sequatchie Formation.

The lower part of the Rockwood
Formation contains shales and siltstones,
but exposures commonly are medium- to
thick-bedded and sometimes massive
sandstones. The sandstones are iron-
stained (brown, tan, maroon), fine- to
coarse-grained, and contain a variety of
sedimentary structures, such as cross-
bedding, graded beds, load casts, and
shale rip-up clasts. The shale pebbles are



maroon and sometimes calcareous, indi-
cating that they may have been derived
from the underlying Sequatchie Forma-
tion. The various sedimentary structures
were useful for determining the facing
direction in the fractured and overturned
sandstones on the southeast limb of the
East Fork syncline. ‘Fossils in the lower
part of the Rockwood consist of trans-
ported crinoid columnals and brachio-
pods. The middle and upper parts of the
Rockwood contain interbedded thin to
medium beds of brown, tan, olive, and
gray shale and siltstone, and occasionally
thick beds of sandstone. In addition, the
upper half of the formation contains a few
thin hematite beds that are commonly
odlitic and very fossiliferous (McMaster
1957). Weathering of the Rockwood
produces a shallow sandy and silty soil
containing chips of shale and siltstone.
Large boulders of sandstone are scattered
along the ridge tops and slopes. Driese
(1988) recently reviewed the Silurian
depositional history in eastern Tennessee
and concluded that the Rockwood Forma-
tion was deposited within a shoreface and
shallow marine shelf environment. The
Rockwood Formation is approximately
195 m (600 ft) thick.

3.9 REEDSVILLE SHALE,
SEQUATCHIE, AND ROCKWOOD
FORMATIONS SOILS

Residual and colluvial soils derived
from the Reedsville and younger forma-
tions on ORR were er<ountered only along
Hot Yard Hollow Road and, consequently,
have very limited extent within present
soil survey boundaries. Should the lands
around K-25 be mapped, the soils from
these formations will have more extent
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and will require more extensive descrip-
tion of their classification, morphology,
and distribution.

3.10 RESIDUUM

70051. The soils in this map unit classify

as Typic Hapludults: clayey, mixed, and

thermic. These soils formed in shale and
sandstone residuum. They are on Sheet

#1-254. To date, fewer than 2 ha (5 acres)
have been mapped.

3.11 CHATTANOOGA SHALE

The Chattanooga Shale was recognized
as a regionally distinctive unit by Troost
(1835) and was named by Hayes (1891) as
the “Chattanooga black shale,” identifying
a typical section in Hamilton County. A
detailed stratigraphic study in central
Tennessee by Conant and Swarison (1961)
provided a type locality for the Chatta-
nooga Shale in Dekalb County, Tennessee.
More recently, Milici and Roen (1981)
described the stratigraphy of the Chatta-
nooga Shale in some detail northeast of the
ORR, where the unit is much thicker and is
divisible into four units. The exact age of
the Chattanooga Shale is controversial.
Various investigators have dated it as Late
Devonian, Early Mississippian, or both
(see review in Conant and Swanson 1961).
Klepser (1937) interpreted the Chattanooga
Shale as a time-transgressive unit that
becomes increasingly younger to the
south. A uranium-lead age for the upper
member (Gassaway) of the Chattanooga
Shale taken from core in the Youngs Bend
area, Tennessee, resulted in an apparent
age of 350 + 10 Ma (early Mississippian)
(Cobb and Kulp 1960). In the ORR, the
Chattanooga Shale disconformably over-
lies the Rockwood Formation, and the
contact is picked between the first appear-
ance of black shale above fine-grained,



gray/tan/brown sandstone and shale of
the Rockwood Formation.

The Chattanooga Shale is black to
dark-gray, fissile, bituminous shale. The
shale weathers to a dark-brown soil con-
taining shale chips. Although no fossils
were found, McMaster (1957) reported
finding conodonts and the inarticulate
brachiopods Orbiculoiden and Lingula. As
reviewed by Conant and Swanson (1961),
the presence of linguloid brachiopods
provides evidence favoring shallow-water
deposition of the Chattanooga Shale and
supports a shallow flooding, transgres-
sive/regressive depositional model related
to the distal edge of the Acadian clastic
wedge (Hasson 1982). The Chattanooga
Shale is approximately 6 to 10 m (20 to
30 ft) thick in the ORR.

3.12 FORT PAYNE FORMATION

The Fort Payne Formation is the
youngest stratigraphic unit exposed in the
ORR. It was named by Smith (1890) for
exposures at Fort Payne, Dekalb County,
Alabama. Although comprehensive
biostratigraphic studies are lacking, the
Fort Payne is apparently no younger than
middle Osagean (Early Mississippian) in
northern Georgia and central Tennessee
and no older than early Meramecian in
southern Illinois (Wilmarth 1938, Ausich
and Meyer 1990). The Fort Payne Forma-
tion conformably overlies the Chattanooga
Shale; the contact is poorly exposed in the
study area, however, because of the com-
mon occurrence on steep slopes and cover
by cherty debris from the Fort Payne. The
contact is located between the green shales
and limestones of the lower Fort Payne
and the distinctive black shales of the
Chattanooga Shale. The Fort Payne Forma-
tion is approximately 31 to 46 m thick.

At the base of the Fort Payne Forma-
tion is a thin unit named the Maury Shale
by Safford and Killebrew (1900) for expo-
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sures in Maury County, Tennessee. -
Although a widespread and distinctive
unit in Tennessee, the Maury Shale in the
area was included in the Fort Payne. The
Maury was not mapped separately be-
cause it is only a few meters thick and only
exposed in the strike valley northeast of
Gum Hollow Road. The shale is dark
green, indurated, and contains crinoid
stems and plates. Associated with the
shale are thin- to medium-bedded, some-
times mottled, fine-grained, gray sand-
stone and siltstone that contain phosphate
nodules and white chert pods. In addition,
thin- to medium-bedded chert occurs in
the lower Fort Payne.

The middle to upper part of the Fort
Payne Formation consists of a variety of
lithologies including limestone, dolomite,
siltstone, and chert. Limestone is medium-
bedded, gray green, fine-grained, some-
times silty, and contains chert pods. The
limestones weather deeply, leaving a very
cherty soil with a few chert ledges project-
ing through. Siltstones are thin-bedded,
gray green, and indurated. Dolomites are
light gray, fine-grained crystalline, cherty,
and contain geodes lined with calcite
crystals. Chert is thin- to medium-bedded,
chalcedonic, dark gray, and weathers to a
milky white to tan-brown. Weathering of
the Fort Payne produces a yellowish,
sandy, silty clay soil with abundant chips
and blocks of chert. The siliceous charac-
ter of the Fort Payne makes it a ridge
former, and, where outcrops are absent,
the formation is mapped on the basis of
cherty soil.

The Maury Shale and equivalents were
deposited remote from source areas, at a
slow rate in a low-energy environment
favorable for the precipitation of phos-
phate.- Facies characteristics, paleoecology,
and taphonomy of the Fort Payne in south-
central Kentucky and Tennessee support
the hypothesis that the Fort Payne repre-
sents a progradational, shoaling-upward
sequence (Sable and Dever 1990). Silica



content in the Fort Payne has been as-
cribed to either chemical precipitation,
replacement during deposition and dia-
genesis, or secondary causes such as
weathering (Bassler 1932). Detailed strati-
graphic and sedimentologic reviews of the
Fort Payne Formation can be found in
Ausich and Meyer (1990), Lumsden (1988),
and Macquown and Perkins (1982).

3.13 STRUCTURAL-LITHIC UNIT
DESIGNATIONS

Rich (1934) was one of the first to
recognize the control that stratigraphy has
on the development of fold-thrust belt
structures by observing that the angle a
fault cuts through bedding changes as a
function of lithology. He hypothesized
that fault-bedding angles increase as
material strength increases; therefore, a
layercake stratigraphy will control the
development of fault paths. The concept
has been successfully applied in the Cana-
dian and Idaho-Utah-Wyoming thrust
belts (Douglas 1950, Bally et al. 1966,
Dahlstrom 1969, Royce et al. 1975, Cook
1975). In addition, the concept has been
further tested in the southern Appalachian
fold-thrust belt (e.g., Harris and Milici
1977) and expanded upon by showing
how a change within the stratigraphy
along strike can control the structural style
(Woodward et al. 1988, Hatcher and
Lemiszki 1991). The term “structural-lithic
unit” was originally coined by Currie et al.
(1962) for layers controlling the style of a
buckle fold and has been resurrected by
Woodward et al. (1988) to designate
mechanically significant stratigraphic
units. An extensive discussion of the
structural-lithic unit concept is the focus
of the last chapter. The purpose here is to
subdivide the stratigraphy in the study
area into individual structural-lithic units.

A number of methods can be used to
subdivide the stratigraphy into structural-
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lithic units (Rutherford 1985): (1) Balanced
cross sections can be used to interpret the
different structural style of stratigraphic
units; they tend to be somewhat subjective,
however. (2) Fault-preference diagrams
can be constructed (Dahlstrom 1970).
Fault-preference diagrams are histograms
that plot stratigraphic position against the
distance a fault trace is from contact with
individual units. For example, ramp-
forming sections would typically show
low fault-preference values, and flat-
forming sections would be associated with
high fault preferences. (3) Cutoff lines
mapped on a palinspastic base provide a
tool for showing aerial distribution of
ramps and flats with respect to stratigra-
phy. For a given unit with a specified
thickness, the horizontal spacing between
the unit base and top cutoff