





INTRODUCTION

This field trip has two principal goals: (1) to acquaint participants with representative rock types and the
structural setting of the Oak Ridge area; and (2) to examine exposures that have been looked at by
geologists and non-geologists alike from the context of their more regional significance. While each
exposure we will visit contains representative rock types, each also has significance that goes far beyond
the basic rock types present.

Oak Ridge and the Oak Ridge Reservation (ORR) are located in the western part of the Valley
and Ridge geologic (and physiographic) province, and is very close to the transition into the Cumberland
Plateau. At the latitude of Oak Ridge, almost all of the faults and other structures that we see in the Valley
and Ridge do not exist beyond the topographic boundary between the Valley and Ridge and Plateau,
which is at Oliver Springs. We call the area in the Plateau immediately NW of Oak Ridge the “Wartburg
basin.” It is a topographic high so it is a geologic and not a topographic basin. Immediately northeast of
Clinton and just southwest of Harriman, however, the deformation that we commonly see in the Valley and
Ridge propagated into the Plateau, so the geologic province continues into the Plateau to the area around
Jellico to the northwest from Clinton, and to just beyond Crossville to the southwest. If we could
reconstruct the topography that existed ~200 Ma, we would find that the rocks of the Cumberland Plateau
today would have extended southeastward across the Valley and Ridge to the Blue Ridge. So, the uplift
that accompanies the faulting and folding that we see today exposed at much greater erosional depths
provided an opportunity for the Valley and Ridge to be unroofed subsequent to the uplift that occurred
~300 Ma. extended southeastward across the Valley and Ridge to the Blue Ridge. So, the uplift that
accompanies the faulting and folding that we see today exposed at much greater erosional depths
provided an opportunity for the Valley and Ridge to be unroofed subsequent to the uplift that occurred
~300 Ma. So, the uplift that accompanies the faulting and folding that we see today exposed at much
greater erosional depths provided an opportunity for the Valley and Ridge to be unroofed subsequent to
the uplift that occurred ~300 Ma. The primary evidence that the Plateau rocks extended across the Valley
and Ridge is that there is a small remnant of these rocks immediately west of Whiteoak Mountain at
Ooltewah, Tennessee. Other remnants occur farther northeast in Virginia and Pennsylvania, and farther
southwest in Georgia and Alabama.

Oak Ridge and the DOE facilities (Y-12, ORNL, and ETTP) occur in a geologically complex region,
and DOE has suggested that the Oak Ridge Reservation (ORR) is probably the most complex of all the
DOE sites in the U.S. Despite the complexity, a number of important studies of geology and ground water
have been undertaken beginning several decades ago and, while the surface geology is reasonably well
understood, the nature and movement of ground water in the subsurface remains obscure (Hatcher et al.,
1992; Solomon et al., 1992).

Each of the three facilities in Oak Ridge is located in a separate valley (Fig. 1), originally for safety

reasons ETTP resides in a valley at the west end of the ORR that is underlain by limestone and minor
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amounts of shale. ORNL is similarly located in another valley underlain predominantly by limestone, but
Y-12 is located in a valley underlain by mostly shale with minor amounts of limestone. Interestingly,
transport of ground water contaminants occurs in all of these rock units, regardless of rock type, parallel to
the trend (we call strike) of the rock units, i.e., northeast or southwest and not northwest to southeast,
determined partly by the trend and inclination (dip) of the bedding in the rocks and how they intersect NE-
trending natural fractures.

An important component of the geologic work that has been conducted in the ORR has been the
construction of a detailed geologic map, which remains a work in progress, but is presently close to the
point where it can be published (Fig. 2). In addition to constructing a detailed geologic map, a major goal
of geologic studies on the ORR has been to understand the relationships between the surface and
subsurface geology as we know it (Fig. 3) and the fracture systems that occur within each rock unit, which
control the plumbing for ground water. This is also a major key to understanding contaminant transport
not only on the Oak Ridge Reservation but also in fractured rock systems worldwide. Attempts to
formulate a ground water model that can be used for the entire Oak Ridge Reservation have only been

partially successful to date.

PHYSIOGRAPHY/GEOMORPHOLOGY

The ORR is located in the western portion of the Valley and Ridge geologic and physiographic province in
East Tennessee (Fig. 1). In Tennessee, the Valley and Ridge Province is bordered to the west by the
Cumberland Plateau and on the east by the Great Smoky Mountains. The ORR, located approximately 3
to 6 mi (5-10 km) east of the eastern Cumberland escarpment, has an elevation ranging from 740 to 1350
ft (225-410 m). The province extends from the St. Lawrence Lowlands to Alabama and varies in width
from 14 to 80 miles (10-130 km). The general features that distinguish this from adjacent provinces are:
(1) parallel ridges commonly oriented from northeast to southwest; (2) topography dominated by tilted
alternating weak and strong rock units exposed to weathering and erosion long after folding and thrust
faulting; (3) a few maijor streams that traverse the region with subsequent streams forming a trellis
drainage pattern; (4) numerous ridges with accordant summit levels suggesting former erosion surfaces;
and (5) many water and wind gaps through resistant ridges. Four rivers—the Powell, Clinch, Holston, and
French Broad—join to form the Tennessee River after flowing many miles in northeast-southwest-trending
valleys with headwaters in the eastern Blue Ridge of North Carolina and northeastern Georgia. These
major streams have a long history of development and contain terrace deposits that are on the order of
200 ka (e.g., Hatcher et al., 2012). The fact that many tributaries of the Tennessee head on the east side
of the Blue Ridge, and that the Tennessee cuts a deep gorge through the Cumberland Plateau west of
Chattanooga, helps confirm the relative antiquity of these streams, but also the relative youth of the
topography, contrasting with conventional wisdom that argues for the antiquity of the topography.

The Gray Fossil Site near Johnson City, Tennessee, provides a key spike in time for the age of
the topography in the region. These late Miocene—early Pliocene sediments contain a diverse fauna of

vertebrates and invertebrates trapped in a 6-7 million-year-old karst lake. Another critical point is the
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hilltop location of the Gray Site some 200 ft (70 m) above the nearest stream, confirming the topography is
inverted. Deep incision of the Tennessee River west of Chattanooga, and its tributaries in the Blue Ridge,

may indicate this topography is also < 7 m.y. old.



GEOLOGIC SETTING

The Oak Ridge area is located in one of the classic segments of mountain chains worldwide that contains a
large assemblage of folds and thrusts faults (Fig. 4) that were formed by compression. Similar components of
mountain chains called “foreland fold-thrust belts” occur in the Montana and Canadian Rockies, the Andes, Alps,
Scandinavian Caledonides, and in other major mountain chains (Fig. 5). The intriguing fact about the geologic
structures that occur in these segments is that the faults propagate horizontally within a weak sedimentary rock
layer parallel to the layering in the rocks and then refract across strong rock sequences either to the surface or to
higher zones of weakness in the sedimentary rocks that make up these belts. This left the ancient “basement”
beneath these sedimentary rocks undeformed. Even more intriguing is the fact that all of the faults in the valley of
East Tennessee formed in response to Blue Ridge and Piedmont crust forming an immense slab that was pushed
westward some 400 or more miles (600 km) during the collision between Africa and North America ~300 Ma, like
a snowplow pushing snow in front of it.

Prior to the deformation described above, the sedimentary rocks that we see exposed today were deposited
on an ancient continental margin beginning ~520 Ma following the breakup of supercontinent Rodinia (~750 Ma)
in the same way the modern continental margin of the East Coast formed as Africa moved away from North
America and Atlantic Ocean crust filled the space between them following the breakup of supercontinent Pangea
~200 Ma. Deposition of sedimentary rocks occurred from 520 Ma until ~475 Ma when all of eastern and central
North America were uplifted above sea level and an extensive sinkhole (karst) topography developed on the
limestone surface that had been deposited shortly before. The assemblage of sedimentary rocks that make up
the present-day Valley and Ridge consists of shale, sandstone, and some carbonate rocks that were deposited in
very shallow water with a source of mud and sand from the interior of the continent. Limestone and dolostone
(calcium-magnesium carbonate) are more abundant in the sediments toward the east, again confirming the
continental interior as the source of the mud and sand deposited in the same rock units farther west. An
immense deposit of limestone and dolostone formed on top of these older shales and limestone that extended
across all of eastern and central North America. Uplift of the entire interior then occurred ~475 Ma following
deposition of more than 1 km of limestone and dolomite. After formation of the sinkhole-dominated surface
across eastern and central North America, the region subsided once more ~465 Ma and limestone deposition
resumed (Fig. 6). At this time, carbonate deposition was interrupted along the eastern margin of North America
by development and collision of a volcanic island arc system that formed offshore and was then pushed onto the
North American margin, producing the first new mountains of the Appalachian cycle. This event is called the
Taconic orogeny, and erosion of these new mountains shed sediments to the west onto the continental margin,
causing it to subside and force shallow-water carbonate sedimentation to retreat farther and farther west (Fig. 7).
The basin that formed to the east accumulated some 10,000 feet (~3 km) of mud and sand that was eventually
deposited far enough westward (in the present-day Knoxville area) to kill the reefs composed of primitive
bryozoans and other invertebrates. The reef deposits became the Tennessee “marble” that has been mined for
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