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SUMMARY 

This report presents the results of detailed geologic mapping of the 
CRBRP excavations. These results include the site geologic column, cross 
section, and map; the field geologic maps of the excavations and the cor
responding final maps; and the interpretation of the field data in terms 
of lithostratigraphy, sedimentology, rock structure, and engineering 
behavior. 

The mapping was conducted from January 1983 to November 1983, at which 
time the project was terminated. It was initiated, as the responsibility 
of the constructo~, to meet regulatory requirements. and facilitate li
censing of the plant. 

The purposes of this report are to verify the preliminary site geologic 
characterization on the basis of comparison between the anticipated and 
encountered conditions (the original objective) and to provide a geologic 
basis for the site redressing (a subsequently adopted objective as a re
sult of project cancellation). Even though neither excavation nor geo
logic mapping had been completed at the time of project termination, the 
information obtained in the rock and soil exposures substantiates the 
site seismic and engineering suitability as defined in the Preliminary 
Safety Analysis Report (PSAR). 

The primary tasks of the field investigations were to study faults which 
were detected in the site excavations during the course of geologic map
ping and to evaluate the impact of these faults on the seismic suitabil
ity of the plant foundations. In response to these tasks, an innovative 
method of dating faults was introduced. Using this method, which con
sists of analysis of the relationship among various rock structures, it 
has been definitively demonstrated that faults predate a set of ancient 
joints and thus are not capable within the meaning of Appendix A to 
lOCFR, Part 100. Regarding this conclusion, and based on favorable rock 
engineering properties, it is recommended that the site be utilized for 
construction of a heavy industrial complex or a nuclear facility. 
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SECTION I 

INTRODUCTION 

1 . 1 BACKGROUND 

From January to November 1983, during construction preparation for the 
Clinch River Breeder Reactor Plant (CRBRP) project, excavation for the 
plant foundations and site grading was accompanied by geologic investi
gations of exposed soil and rock. On October 27, 1983, almost all opera
tions at the site were halted as a consequence of project termination . 
At that time, excavation for the plant foundations, as well as corre
sponding field geologic investigations, were near completion. Recogniz
ing that a future architect/engineer will need comprehensive information 
on existing geologic conditions, this report on the geology of the site 
excavations was produced. 

1.2 PURPOSE OF THE STUDY 

The original objective of geological mapping of the excavations was to 
support licensing efforts to obtain permits for construction and opera
tion of the plant. Therefore, it was necessary to determine and properly 
document the geologic conditions encountered and to compare them with 
those that were anticipated in preliminary investigations. 

As a result of project termination, the site either will be modified to 
an environmentally acceptable state or used for construction of an indus
trial complex. In either case, this report provides geologic data for 
future site development. 

1.3 SCOPE OF INVESTIGATIONS 

Geologic investigations that accompanied plant excavations were conducted 
on two levels of detail: 

• All exposed rock and soil surfaces were inspected visually for 
possible geologic structures which might affect plant safety or 
licensing. 

• Final excavation surfaces of safety-related, QA Category I 
structures and other surfaces exposing faults were mapped geo
logically and photographed. 

During the initial stage of construction preparation (from January to 
mid-March 1983), excavation progressed slowly, mostly exposing soil of a 
rather uniform type, and geologic investigations consisted only of 
intermittent inspection. Since then, blasting and earth removal were 
accelerated, requiring continuous inspection, which was performed 
promptly after new soil and rock surfaces became accessible . In addition 
to the interim walls of foundations designated for detailed mapping, 
other interim walls, as well as final walls, were also routinely in
spected. 
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Detailed geologic mapping, which was begun in the first week of June and 
continued until the project was terminated, was done at a scale of 
1 in. = 10 ft. Two separate site areas were mapped: 

• The Nuclear Island (NI), a near-rectangularly shaped excavation 
(approximately 480 ft long, 360 ft wide, and 100 ft deep), with 
a sloping west wall, made for foundations of the major plant QA 
Category I structures, such as the reactor containment, control 
room, plant service, and steam generator buildings . 

• The Equalization Basin (EB), a 180 ft x 180 ft shallow 
non-Category I excavation in which faults were detected during 
visual inspection. 

Major plant excavations and the NI faces (identified by Roman numerals) 
designated for geologic mapping are shown on Plate 1. 

Mapping of the NI was interrupted by project termination shortly before 
completion. Mapping of the EB has been completed. Since excavation did 
not reach the final grade at the emergency cooling tower and other loca
tions connected with or adjacent to the NI, these areas have not been 
mapped but only visually inspected. 

The status of completion of excavations and detailed geologic mapping at 
the time of project termination is summarized in Table 1-1. Nonmapped 
excavations, however, also have been interpreted geologically and incor
porated in a small-scale composite geologic map of the construction site 
area (Plate 2) by extrapolation and interpolation, using aerial and ter
restrial photographs and information gathered during visual inspection. 

In addition to detailed geologic mapping and visual inspection, site geo
logic investigations included the following speci fic, short-term assign
ments in support of design modifications, construction, and licensing: 

1. Study of joints in a rock-bolt testing area to assess slope 
stability. 

2. Review of dip-angles in rock cores of representative borings 
and in temporary trenches to determine the exact inclination of 
strata along the west slope of the NI. 

3. Assessment of the engineering impact of discontinuities and 
solution cavities on a bench above the east wall of the NI. 

4. Evaluation of potential leakage from a proposed solid waste 
landfill located within the plant exclusion area . 

S. Cursory review of quarries located in the site vicinity to ver
ify suitability of concrete aggregate and noncohesive backfill. · 

6 . Preparation of an affidavit and other documentation on site 
faults, with evi dence indicating the age of faulting, for sub
mittal to the Atomi c Safety and Licensing Board (ASLB) of the 
Nuclear Regulatory Commi ss i on (NRC). 
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1.4 PROCEDURES AND METHODS 

The requirements for geologic mapping and i nspection of the plant excava
tion are defined in these documents: 

• Burns & Roe (B&R) Technical Specifications for Geologic Happing 
(No . 3066-97-2) . 

• Project Management Corporation (PMC) letter dated August 10, 
1983 (together with numerous verbal requests). 

SWEC written procedures for meeting these requirements are contained in 
Construction Site Instructions for Geologic Mapping (CSI 2.2.101) . 

Both the technical specifications and procedures required the systematic 
reporting of field data and maintenance of the following documentation: 

• Field Book, containing information on daily activities and ob
servations on geologic inspection; Photo Book, identifying doc
umentation photographs; and geologic Field Maps, with a full 
range of pertinent data. These are available in the SWEC 
files. 

• Summary Progress Reports, providing weekly presentations of the 
results of geologic investigations, including composite geolog
ic maps; Fault Reports, actually peri odic notifications on 
fault detection; and Supplements (to Fault Reports), wi th fault 
interpretation . These reports are available in the PHC and 
SWEC files. 

• This report. 

Geologists' daily activities, with sketches and data collected during 
geologic visual inspection of all interim surfaces and the final 
non-Category I surfaces, were logged systematically in the Field Book, 
whereas mapping information was recorded exclusively on the geologic 
Field Haps . These maps were made to a scale of 1 i n . = 10 ft on a 
10 x 10-ft grid base showing elevation and the plant's east and north 
coordinates. Geologic composite maps covering large areas or entire ex
cavation surfaces were developed from the i ndividual Field Maps (on 
8 1/2 x 11-in. mylar sheets), at the same scale. The final geologic maps 
represent a modified and refined version of the composite maps; they have 
been reproduced by a computer graphics technique at a reduced scale 
( 1 in . = 30 ft) , except for the map of the EB . Reproduction at other 
scales i s possible by use of a computer. 

Inasmuch as some excavation slopes exhibi ted excessive overbreaks caused 
by blasting in inclined and alternating hard and soft rocks, these slopes 
were not mapped on the grid base, but rather on photo enlargements, or 
indirectly by cross-sectioning along the slope l ines and sketching the 
area between these lines. Intervals of approximately 10 ft were used. 
All excavation floors were i rregular; however, their mapping was done on 
the grid base which represented the best approximation of the actual con
figurat i on. For those mapped sur faces wi th rugged relief for which the 
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topographic contours were subsequently developed, contour maps were used 
as the base for the final geologic maps. For a few small areas not di
rectly mapped in the field, the final geologic maps were made by interpo
lation and extrapolation, assisted by photographs and data collected 
during field inspection. 

Documentation photographs were taken in color for all mapped areas either 
by geologists using a conventional 35-mm camera or by a terrestrial 
photogrammetrist using a metric camera. Each conventionally photographed 
area for documentation or illustration purposes, including close-up de
tails, has been reproduced on a slide and two prints, and corresponding 
data identifying location, film roll, position in the roll, and date of 
photographing have been listed in the Photo Book. Some major excavation 
surfaces were photographed additionally in black and white by either an 
aerial or terrestrial camera creating images to an exact scale. These 
photographs were made for the combined purposes of providing enlargements 
for field use during mapping, producing steropairs for three-dimensional 
viewing, generating topographic contours, and illustrating excavation 
surfaces on single panoramic or mosaic pictures. These are filed in the 
SWEC CRBRP job books. 

Two reports regarding faults exposed in excavations have been prepared : 
a Preliminary Report on Geologic Faults in the CRBRP Site Excavations, 
which is a summary of seven fault investigations, and an affidavit by the 
lead geologist dealing with the same subject. These reports are avai l
able in the PMC files. 

1.5 REPORT ORGANIZATION 

This report briefly presents the chief results of the~ site-related p.r-ev~
..eus studies with detailed descriptions of geologic conditions in excava
tion exposures. The technical discussion is presented in two main 
chapters; 

• Overview of Regional and Site Geology (Section 2), with a brief 
reference to regional geology , a summary on site geologic set
ting, and other related information for general orientation of 
the reader . 

• Geology of Excavations (Secti on 3) , containing necessary data 
to meet the main report obj ectives, with details generated by 
geologic mapping of excavati on walls, slopes, and floors . 

A schemati c plan-view of the mai n plant excavations, including faces of 
the NI, i s shown on Plate 1. A quick general review of geologic condi
tions in the plant excavations is provided i n Plate 2 , which contains a 
composite geologilc map , cross sections, and column for the site area . 
More detailed information is presented in the geologic map of the EB, 
reproduced to an ori ginal sca l e 1 in. = 10 f t (Plate 3); in a series of 
cross sections showing faults and folds i n the same area to scales 
1 in . = 5 ft and 1 in. = 10 ft (Plate 4); and i n the geologic maps of the 
NI and adjacent areas (Plates 5 and 6), made to a reduced scale 
1 i n. = 30 ft, matching the corresponding ful l-size engineering drawings. 

1-4 



The mosc vivid illustration of excavations and exposed geo l ogic feacures 
is provided by copies of photographs attached to the report. 

Supplemental description and interpretation of geologic characteristics 
is furnished in the text, which presents the investigation results ac
cording to specific geologic disciplines, portraying lithostratigraphy 
(Section 3.3), sedimentology (Section 3.4), rock structure (Section 3.5), 
and geologic history (Section 3. 6), followed by a discussion addressing 
engineering properties (Section 3.7) and site suitability (Section 3.8). 
The report emphasizes data and conclusions concerning both the site 
conditions of interest to a future developer/user, and the site safety of 
interest to the NRC, focused on the relevant new information obtained in 
the excavations. 

In Section 4, basic conclusions are summarized and appropriate recommen
dations offered as a final outcome of the geologic investigations in the 
plant excavations. 
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SECTION 2 

OVERVIEW OF REGIONAL AND SITE GEOLOGY 

2.1 REGIONAL SETTING 

Physiographically, the CRBRP site is situated in the Appalachian High
lands of the Valley and Ridge Province. The highlands are. represented by 
rugged terrain on an elevated altitude within the province, relief of 
which is formed by numerous large and small, subparallel, and north
easterly trending ridges and valleys reflecting subsurface geology. Un
derlying this terrain are folded and faulted miogeosynclinal sedimentary 
rocks of Paleozoic age, with a predominant dip to the southeast. Origi
nally, these rocks were deposited in a generally subsiding and eastwardly 
sloping cratonic margin which experienced a diverse history marked by 
sharp sea level changes, shifting of sources generating elastic material, 
emergence and erosion related to uplifting, transition from a sea shelf 
to a foredeep, and basin filling followed by tectonic shortening and ul
timate accretion to the continent (Harris and Milici, 1977) . 

Presently, sedimentary formations appear on the surface in bands coincid
ing with elongated topographic features. These bands represent alternat
ing lithologic sequences of different resistance to weathering and 
erosion. The region is now subjected to°" third, post-orogenic cycle of 
erosion (McMaster, 1963). The previousA two cycles occurred in the 
Paleozoic, during early to middle Ordovician time and middle Devonian 
time, respectively. 

The Tennessee portion of the Valley and Ridge, along with its counter
parts in the rest of the southern Appalachians, is characterized by in
tensive thin-skinned tectonic deformations affecting only sedimentary 
rocks above the basement. Initially, according to Harris and Milici 
(1977), the basin deposits were detached at or near their base within a 
shaley, incompetent sequence of the Rome formation (the early to middle 
Cambrian), and were moved westwardly, riding on this basal, master 
decollement, as a subhorizontal thrust sheet. After resistance to such 
movement could not be overcome, the basal detachment steeply deflected 
upward through more competent rocks until reaching an upper incompetent 
zone, the Chattanooga Shale of the late Devonian age, again producing a 
flat thrust surface. Consequently, the formations which rode above the 
ramp connecting the lower and upper decollement levels became imbricated 
and formed rootless narrow-to-broad crested anticlines separated by pas
sively formed, wide, flat-bottomed synclines. When the resistance to 
sliding of the thrust sheet as a unit exceeded the driving force, major 
and numerous minor thrust faults emerged from the master decollement, and 
internally sheared the sheet in an intricate fashion from west to east. 
Different rates of dislocation at various vertical and lateral points 
along the front of these faults, which depended on the encountered resis
tance, caused further ramping and transverse tearing. As a result, the 
structural pattern of the subsurface is dominated by en echelon thrust 
faults which alternate with synclines, are arranged in a sequential 
imbrication, merge downdip into the master decollement, steepen on ramps, 
and are side-bounded by tear faults (Harris and Milici, 1977). A total 
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shortening of the region is postulated to exceed 120 km (Cook, 1983) . 
The present understanding of such complex, allochthonous character of the 
Valley and Ridge has evolved from successive studies based on geologic 
mapping (Rich, 1934), drilling (Gwinn, 1964), deep seismic-reflection 
profiling (Cook et al 1979), and gravity survey (Hutchinson, 1983). 

c ..... l , "s : '\. ~ 

2.2 SITE GEOLOGY 

The CRBRP site is located in the southwestern corner of the DOE Reserva
tion in Roane County of eastern Tennessee, within a 1 1/4 x 3/4-mile loop 
(Photograph 1) of the meandering Clinch River, which is the southern res
ervation boundary. It is approximately 15 miles from Oak Ridge, Tennes
see, and with respect to the USGS 7 1/2-minute topographic quadrangle 
map, falls near the southern edge of the Elverton quadrangle. The topog
raphy of the river loop area surrounding the site is characterized by 
small ridges and valleys typical of the region, with a pre-excavation 
altitude of 745 to 905 ft above mean sea level, and a total relief of 
approximately 160 ft. Site excavation changed the topography of a por
tion of the loop, reducing the east and west ridges from elevations 
880 ft and 890 ft, respectively, to 814 ft, and deepening the valley be
tween these ridges from elevation 765 ft to elevation 714 ft, approxi
mately 30 ft below average river level . 

The site was included in geologic mapping of the reservation, conducted 
in 1957 to 1962, prior to the CRBRP siting. Mapping was done at a scale 
of 1 in. = 0.5 mile (1:31, 680), and the corresponding final map, accom
panied by a report with interpretation, was later issued by the Oak Ridge 
National Laboratory (ORNL, McMaster, 1963). 

Subsequently, b~tween 1972 and 1977, the site was investigated for the 
CRBRP project (originally called Clinch River LMFBR) by subsurface meth
ods, predominantly exploratory drilling at 221 locations selected for 
general coverage of the site, specific plant foundation design, and other 
purposes . Initially, in 1972, the Tennessee Valley Authority (TVA) 
drilled, in two stages, 24 holes at the plant grid intersections and pre
pared a preliminary site suitabi lity report (Seay, 1973). In 1973 and 
1974, the Law Engineering Testing Company (Law) extended a grid of ex
ploratory drilling to 42 additional locations, and in 1974, 1976, and 
1977, completed 63 foundation borings, 22 test pits, and over 6000 
linear ft of refraction seismic profiles, all for the purpose of prepar
ing the Preliminary Safety Analysis Report (PSAR) (Law, 1982). In 1974 
and 1975, E. D'Appolonia Consulting Engineers, Inc. (EDGE), investigated 
subsurface conditions for the barge unloading facilities, railroad spur, 
makeup and cooling water pipelines, and balance of plant structures, us
ing 81 bore holes (EDGE, 1975 and 1977) . In 1977, SWEC studied a poten
tial stone source at the site using 11 borings, and presented a 
corresponding report (Peck, 1977) . In all these borings, ro ck was con
tinuously cored. 

As a result of these investigations, especially the TVA init i al explora
tions by 24 borings and TVA' s previous broad experience in the region, 
the basic lithostrati graphy, structural geology , and other related site 
subsurface characteristics had been defined before geologic mapping of 
plant excavations started i n 1983. 
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Based on rock core data and outcrop observati ons , the format i ons underly
ing the site and its immediate vicinity were l i thostratigraphically di
vided in ascending order as follows: 

• The Conasauga Group of middle to upper Cambrian age, present 
near the entrance to the site within the plant exclusion area , 
is represented by shale conformably underlying dolomite of the 
Knox Group; the shale beds were deposited in a deep water 
lagoonal environment bordering a carbonate shelf on the east, 
and receiving elastic material from sources on the north and 
west . * 

• The Knox Group of upper Cambrian to lower Ordovician age, 
present in the northwestern portion of the site, including the 
crest of the west ridge adjacent to the NI, is represented by 
dolomites which are separated from the overlying Chickamauga 
Group by an erosional and karstified surface, one of the two 
main Paleozoic unconformities ; these dolomites were deposited 
on a widespread carbonate shelf in a subtidal environment.* 

• The Chickamauga Group of middle Ordovician age, the major for
mation present in the NI and other plant excavations, and the 
rock in which most facilities were to be founded, is calcareous 
siltstone and limestone tectonically overlain by the Cambrian 
Rome Formation at the southeastern end of the river loop; the 
Chickamauga rocks were deposited in a shallow basin bordering a 
carbonate shelf on the west, and receiving elastic material 
from sources on the east and southeast (uplifted Piedmont)*; at 
the site these rocks are correlated by 11 key stratigraphic 
horizons (Table 2-1), and are divided into the following 
six units : 

• Uni t A Lower Siltstone, predominantly maroon siltstone 
with greenish-gray interbeds of limestone, lying directly 
over the Knox unconformity. 

• Unit A Limestone separating the Lower and Upper siltstone 
units . 

• Unit A Upper Siltstone similar to the Lower siltstone 
uni t . 

• Unit B Limestone 

• Unit C Limestone recognized only by TVA. 

• Undifferentiated portion of the formation truncated by a 
fault in an area farther to the SE from the plant 
facilities. 

*Harris and Milic i (1977) 
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• The Rome Formation of l ower Cambri an age , p r eseht i n the south
eastern marginal part of the river loop at the base of the 
hanging wall of the Copper Creek fault, is represented by 
elastic deposits includi ng i ncompetent shales of the decolle
ment; terrigenous sediments at the Rome Formation were deposit
ed in an intertidal and shallow mari ne environment bordering a 
carbonate shelf on the east, and receiving elastic material 
from sources on the north and west .* 

These formations were structurally defined as being consistently homo
clinal at the site, generally striking N52 degrees E and dipping 
31 degrees SE, with little vari ations in their attitude. I t was deter
mined that normal superpositional continui ty of sedimentary rocks under
lying the site and its vicinity was tectonically interrupted by the 
following two major thrust faults which extend beyond the site boundary: 

• The Copper Creek Fault to the SE withi n the site, which repre
sents a simple thrust ramp at this location, with an estimated 
horizontal displacement of about 10 miles (Harris and Milici, 
1977); according to McMaster (1963), it strikes NS2 deg E, 
probably dips 45 degree SE, and truncates the upper portion of 
the Chickamauga, presumably just below a marker bentonite 
horizon . 

• The Whiteoak Mountain Fault to the NW , at a distance of less 
than 2 miles from the s i te, which i s a more complex structure 
accompanied by subsidi ary and branch faults, and a syncline 
with preserved Si luri an to Miss i ss i p i an strata (McMaster, 
1963) . 

Along each of the two faults the Rome Format i on was brought j.H juxtapo
sition with younger Palezoic sediments by the westward i mbricate thrust
i ng above the buried master decollement . 

Previous site investigations also i ndi cate that, as a consequence of re
gional thrusting, internal sheari ng occur red wi thin the Unit A Limestone 
and the Unit B Limestone (Seay, 1973), although in the PSAR ( 1982) only 
the existence of a shear zone in the Unit A Limestone was confirmed . 
However, a few small faults and folds in outcrops, together wi th a number 
of slickensided bedding planes i n rock cores, were f urther described in 
the PSAR. That report a l so addressed di sconti nui t i es , s tati ng the pres
ence of these four sets : 

1. N52 deg E, 31 deg SE, bedding plane joi nts 
2. N52 deg E, 58 deg NW, strike joi nts 
3 . N25 deg W, 85 deg SW, high-angle joints across beddi ng 
4. N65 deg W, 75 deg NE, high-angle joi nts across beddi ng 

Additional site characterization by previ ous investigators i ncluded con
touring the ground water tab l e, determination of soil and r ock proper
ties, slope stability, and assessment of weatheri ng effects . 

*Harris and Mi l ici (1 977) 
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This report on geologic conditions in the plant excavations is predomi
nantly concerned with details observed during mapping of relatively 
large, but localized rock and soil exposures. Earlier defined litho
stratigraphic units and key horizons, attitude of discontinuities, degree 
and form of tectonic disturbance, the presence of shear zones, and other 
distinctive features are either fully confirmed by, or found to be com
patible with the results of studying open excavation surfaces and selec
tive review of rock cores. 

Many details seen in excavations permitted further lithostratigraphic 
division of exposed strata into smaller units, and refinements in struc
tural geology and detailed geologic history. Among such refinements are 
the genetic classification of joints, kinematic reconstruction of fault
ing and folding, and relationship between various deformational forms, 
which together provided definitive evidence that faults and associated 
features are ancient and of nonrecurring nature. These are the most sig
nificant contributions to further understanding site geologic conditions 
and seismic suitability for construction of nuclear facilities. 
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SECTION 3 

GEOLOGY OF EXCAVATIONS 

3 . 1 ORIGINAL SITE TOPOGRAPHY AND CONFIGURATION OF EXCAVATIONS 

The natural configuration of the site, marked by the east ridge, west 
ridge, and the valley between them, as it appeared after clearing the 
forest trees prior to the start of excavation, is shown on Photograph 2. 
The outline of the plant layout is superimposed on Photograph 3 which was 
taken at the beginning of the construction preparation. A closer view at 
the NI excavation shortly before the final grade (elevation 714 ft) was 
reached is presented on Photograph 4. By comparing these photographs it 
can be seen how much the original topography has been modified by excava
tion. Backfilling also contributed to this modification (Photograph 5). 
The present topography of the site is shown on Plate 2 by contours at 
10-ft intervals. 

The four major excavated areas are at the locations of the NI (QA 
Category I), the emergency cooling tower/diesel generator buildings 
(MCT/DG, QA Category I), the mechanical draft cooling tower (MDCI), and 
the EB. Most of the NI base is presently covered by a concrete leveling 
mat. Rock surface at the bottom of other excavations remains unprotect
ed, except in the EB excavation which has been backfilled to eleva
tion 770 to 782 ft. 

3.2 SOILS AND SOIL-ROCK BOUNDARY 
,,,. f 

... ,.,,. 
'., 

With a few exceptions, the site area within the river loop is underlain 
by a soil veneer represented by sa rolite ,. silt to clayey silt derived 
from thorough in-place decomposition of s i ltstone and argillaceous lime
stone exposed to atmospheric conditions, or by clayey laterite derived 
from carbonates as a residual product of solutioning. The boundary be
tween soil and unweathered rock is rather abrupt and roughly parallel to 
the natural terrain configuration. In general, it is somewhat deeper on 
wide ridges than in valleys, and is closest to the ground surface on 
steep slopes due to a greater rate of erosion. The shape of the bedrock 
surface varies from being very irregular in dolomites, characterized by 
sharp pinnacles, to coinciding with a bedding plane in siltstone dipping 
subparallel to slopes. T]lickness of the soil veneer also depends on the 
type of the predecomp_q__sed r ock, and it ranges from zero in rare rock ex
posures, to a maximum of 89 ft (EDEC, 1975) and 108 ft (PSAR, 1982) with
in a contact zone between the Knox Dolomite and the unconformably 
overlying Chickamauga. Unweathered rock scarcely outcrops, but is well 
exposed in cuts along the previously constructed River Road, in addition 
to the plant excavations. 

Other types of soil in the site area are Holocene colluvial patches and 
continuous alluvial deposits along the Clinch River flood plain reaching 
elevation 752 ft; Pleistocene terrace deposits in the southeastern tip of 
the river loop, between elevations 750 ft and 840 ft (PSAR, 1982); occa
sional fill placed prior to plant excavations; backfill brought to the 
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topographic lows for the purpose of site gradi ng at e l evati on 814 ft; and 
granular dike material i nstalled to contain and f ilter drainage water. 

On the ground surface the soil veneer is blanketed by a very thin top
soil. At depth, below top of rock, soil extends as a filling in open 
fractures and solution cavities within carbonate rocks, or as a coating 
in deeper, tight joints. Being a product of a single stage of weathering 
and solutioning, fracture openings and cavities in the Chickamauga rapid
ly diminish downward, and are absent at an approximate depth of 75 ft 
below top of rock. In contrast, cavities in the Knox Dolomite reflect a 
two-stage karstification, one of which occurred beneath the middle 
Ordovician unconformity. Therefore, taking into account the inclined 
bedding, cavities in the Knox Dolomite can be found at almost any depth. 

Soil surfaces were not mapped, but were inspected . The most detailed 
field examination of soil was conducted in seven exploratory trenches on 
the west slope of the NI where a series of small faults and folds were 
encountered in saprolite originating from the Uni t A Lower Siltstone . 
Soil in these trenches was determined to have uniform composition, con
sistency, and other physical properties, but very diverse color . It was 
medium stiff to stiff, partially saturated nonplastic silt and sandy silt 
to slightly plastic clayey silt of orange, brown, and maroon color, and 
with white, pink, brown, and black chert lenses and stringers enclosed 
within a completely preserved rock structure. 

The soil-rock boundary in the site area is i llustrated on Plate 2. This 
boundary around the NI excavation is confined to a relati vely narrow ele
vation range, from elevation 780 ft on the east slope to elevation 835 ft 
on the west slope , as shown on Plate 6 . 

3 .3 LITHOSTRATIGRAPHY 

3.3.1 Criteria for Division 

The only f ormation exposed and geologi cally mapped in the plant excava
tions is the Chickamauga Group of middle Ordovician age . The Conasauga 
Group of middle to upper Cambrian and the Knox Group of upper Cam
brian - lower Ordovi cian age had been exposed and i nspected duri ng site 
excavations northwest of the NI, but were subsequently covered with back
fill. The Rome Formation of lower Cambrian age, which i s also present 
in the river loop areas, was not excavated nor studi ed . 

Separation of lithostratigraphic sequences and lithologies of the Chi ck
amauga duri ng geologic mapping of the plant excavations was governed by 
these cri teria: 

• Identifi cation of the previously defi ned lithostratigraphic 
division i nto Units A, B, and C, with these three members of 
Uni t A: Lower Siltstone , Limestone, and Upper Siltstone. 

• Identifi cation of the previously defined key stratigraphic 
horizons. 
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• Further division of previously defi ned units and their members 
into subunits which are clearly identifiable intervals showing 
lithologic uniformity within a considerable thickness, and fur
ther division of these subunits into mapping units represented 
by the smallest distinguishable bodies of rock, either individ
ual beds or bed sequences, that can be shown on the maps at a 
scale of 1 in. = 10 ft and 1 in. = 30 ft. 

3 .3. 2 Description and Distribution of Units 

Mapping resulted in division of the Chickamauga section exposed in the 
plant excavations into subunits and mapping units listed in Table 3-1 and 
shown on Plates 3 through 6. The same criteria were used in gathering 
information during visual inspection of the excavated rock surfaces in 
the areas that were not geologically mapped. The data are integrated on 
a composite geologic map presented on Plate 2 at an approximate scale 
1 in. ~ 100 ft (this scale was dictated by the scale of the most recent 
topographic contour base-map). The geologically mapped excavations are 
identified on Plate 1. 

The lithostratigraphic units exposed throughout the site excavations ap
pear as parallel bands trending north-south with respect to the plant 
grid. Their main characteristics and distribution are briefly described 
below in ascending order. 

The Knox Dolomite (Kx) has been excavated in three areas west of the NI. 
This formation was not mapped, but visually inspected during blasting 
operations. In the site exposures (Photograph 6) it is gray, bluish 
gray, and pinkish gray thin- to thick-bedded or massive dolomite with 
substantial amount of chert dispersed as large nodules, or intercalated 
in lenses, stringers, and thin continuous beds. The top of the Knox co
incides with a major unconformity which is a very irregular erosional 
surface marked by buried pinnacles, sinkholes, and other forms of 
karstification. 

The Unit A Lower Siltstone (A-1) at the site has been excavated in the 
area extending from the parking lot plateau to the west slope of the NI 
(Face XIII) where it is exposed only as saprolite on the upper elevations 
ranging from ±780 ft on a narrow bench, to about 840 ft on the top of the 
slope. This unit was inspected during rock-blasting and soil-stripping 
operations which exposed alternate sequences of dominant maroon calcar
eous siltstone and subordinate greenish-gray limestone. Both lithologies 
enclose chert nodules and stringers. The uppermost section of thi s unit, 
represented by yellow to orange residual soil, was examined i n seven ex
ploratory trenches along the trace of a shear zone enclosing numerous 
small faults and folds. Since the saprolite in the trenches is rather 
uniform silt with preserved chert stringers, it is presumed that the 
shear zone contained, prior to decomposition, cherty calcareous siltstone 
without limestone interbeds. It is interesting to note that the soil
rock boundary on the NI west slope coincides with the contact between 
decomposed siltstone of the A-1 unit and sound limestone of the overlying 
A-2 unit. An estimated thickness of the Unit A Lower Siltstone, which 
contains key horizons A and B, is 235 ft. 
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The Unit A Limestone (A-2 ) has been exposed i n a narrow continuous band 
stretching from the NI west slope (Face XIII) and the NI Base to the west 
slope of the ECT/DGB excavation. This unit was inspected, but detailed 
investigations could not be conducted except for the NI Base where, in 
the NW corner, the uppermost segment of the Unit A Limestone was mapped. 
The combined mapping and inspection data indicate that this unit repre
sents the thickest limestone sequence within a dominantly siltstone lower 
portion of the Chickamauga. Thickness of A-2 is about 35 to 40 ft, al
though it appears much thicker in the subsurface (as indicated by bor
ings - Sheay, 1977; PSAR, 1982), probably due to tectonic stacking. Both 
contacts of this limestone unit are gradational, particularly the upper 
one which is marked by a 3.5-ft thick transition zone composed of thinly 
interbedded limestone and siltstone (Photograph 7). Other lithologies 
that can be distinguished are medium bedded conglomeratic fossiliferous 
limestone, dark-grey massive limestone , and thin-bedded varieties includ
ing argillaceous and cherty limestone . The top of the fossiliferous bed 
exposed on the NI Base was identified as key horizon C, and the contact 
between the A-2 and A-3 units is defined as key horizon D. The usual 
color of limestone below the weathered zone is greenish gray, and in the 
weathered zone, which is also characterized by the presence of solution 
cavities, it becomes yellowish-brown . 

The Unit A Upper Siltstone (A-3) is the dominant unit in the NI excava
tions. It appears in full thickness of about 200 ft on the NI Base, oc
cupying most of that area as well as the north and south walls (Faces X 
and XVII, respectively), while entirely underlying the Ramp and Face XVI 
on the west slope (Photograph 8). It is also exposed in the lower por
tions of the east wall (Faces II, III, IV, VII, and IX), with decreasing 
presence from north to south . Detailed mapping of the NI permitted divi
sion of the unit into three predominantly siltstone subunits (A-3 1 , A-33 , 
and A-35), separated by two limestone subunits (A-3 2 and A-3 4 ) 1 and fur
ther into a number of specific lithologies within each subunit. All of 
these mapping units form long narrow bands (Photograph 9) trending N-S to 
NNE-SSW with respect to the plant N, and are distinguished by their color 
which varies from maroon in siltstone and mottled in thin limestone
siltstone interbeds, to greenish-gray in limestone . The lateral contacts 
between lithologies are most often transitional, whereas the vertical 
contacts are more frequently sharp than transitional . Thickness of indi
vidually mapped beds or bed sequences, as well as subunits, also changes 
laterally. For example, the lower limestone subunit (A-3 2 ) thickens 
northwardly, while the upper lime·stone subunit (A-3 4 ) thins in that di
rection, and, as a result, the values of their thickness in the ECT/DBG 
excavation and the NI Base are reversed. 

The lowermost siltstone sequence (A-3 1 ) i s chiefly composed of l aminated 
siltstone containing numerous limestone interlaminae and a few limestone 
interbeds, while the two upper siltstone sequences (subunits A-3 3 and 
A-35) are mainly represented by massive/weakly laminated siltstone en
closing rather frequent limestone interbeds . Withi n A-3 3 , key horizon E 
has been identifi ed. The limestone subunits are l i thologically more uni
form than the s i ltstone subunits, although the upper limestone subunit 
(A-34) encloses a thick and discontinuous siltstone bed. All f ive sub
units are shown on Photographs 10 and 11 of the north wal l (Face X) , tak
en by a metric camera . 
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The Unit B Limestone is exposed and was mapped in the following NI exca
vations: a small area of the SE corner of the Base, the eastern parts of 
the north wall (Face X) and south wall (Face XVII), and the east wall 
(Faces II through IX), together with benches (780 ft and 790 ft) and the 
slope (between benches). The upper portion of this unit (which is arbi
trarily extended to the highest excavated horizons, although it may in
clude a basal interval of Unit C), was mapped in the subsequently 
backfilled EB . In other areas, the Unit B Limestone has been excavated, 
but not mapped, on the NI radwaste bench and at the MDCT location. 

The Unit B Limestone is divided into five well-defined lithostratigraphic 
sequences designated as subunits B1 through Bs. The lowermost B1 se
quence contains at its base key horizon F, the green laminated argill
aceous limestone to calcareous siltstone marker representing a transition 
zone between Units A and B. This marker is overlain by a gray thin
bedded limestone interval. The larger, remaining portion of the ~ 1 
subunit consists of gray thin-bedded nodular limestone and massive/weakly 
laminated argillaceous limestone; these two lithologies are vertically 
and laterally alternating, and grade into each other . This subunit is 
approximately 20-ft thick. 

The 33-ft thick B2 sequence is mostly gray massive argillaceous nodular 
limestone with a blackish massive fossiliferous basal bed, and a number 
of scattered relatively thick lenses of crystalline, pyritic limestone. 
It is structurally rather featureless rock exposed in full thickness on 
the east wall of the NI (Photograph 12). The sharp B2 - B3 contact de
fines key horizon G. 

Subunit B3 is 20-ft thick and comprises alternating medium- to thick
bedded crystalline limestone and massive argillaceous nodular limestone, 
with subordinate amounts of argillaceous and thin-bedded limestone. In 
the weathered zone it is characterized by relatively intensive karsti
fication manifested in small and large solution cavities. 

The B4 subunit was mapped only on the east slope of the NI where its low
ermost portion was excavated, but was continuously observed during pro
longed blasting operations between the NI and MDCT excavations. This 
sequence is lithologically uniform gray laminated argillaceous limestone 
with randomly enclosed chert laminae. It is approximately 235-ft thick, 
and includes key horizon H, identified from core, which is not present in 
the mapped or observed areas. 

The diverse uppermost sequence of the Unit B limestone encountered in the 
site excavations was arbitrarily designated as subunit Bs because of its 
isolated, but good exposure outside the NI, and may include a lower por
tion of the Unit C limestone as defined by TVA (Shea, 1977). Subunit Bs 
was well exposed and mapped in detail in the EB (Plates 3 and 4) where a 
120-ft thick sequence, superpositioned just above the concealed contact 
with subunit B4 , had been investigated before the excavation was back
filled. The basal portion of this unit also appeared and was inspected 
in the MDC! excavation where shot rock and muck covered most of the floor 
and side walls. The B5 sequence studied in the EB includes a basal 
chert-free interval comprising thick- to thin-bedded limestones with a 
massive/weakly laminated to laminated argillaceous limestone bed on top, 
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and these overlying alternate l i thologies : thin-bedded cherty limestone 
(with chert distributed in thin beds, stringers, lenses, and nodules), 
massive/weakly laminated argillaceous limestone, thin-bedded limestone, 
and conglomeratic limestone. Two stratigraphic key horizons have been 
identified in this sequence: horizon J separating limestone and argil
laceous limestone within the basal interval, and horizon K at the bottom 
of the lowermost conglomeratic limestone. 

3.4 SEDIMENTOLOGY 

Throughout the mapped portion of Units A and B of the Chickamauga, a num
ber . of rock compositional characteristics and sedimentary structures were 
recorded in the excavations as indicators of depositional environment . 
These most fundamental indicators are briefly discussed below. 

3.4.1 Compositional Characteristics 

Siltstones of Unit A are calcareous throughout, and very frequently 
interlaminated or interbedded with limestone. This ubiquitous presence 
of calcium carbonate in siltstone demonstrates that carbonate mud and/or 
sand-size grains were continuously generated and deposited in the sedi
mentary basin either together with, or completely without contribution of 
terrigenous detri~us. The uniformly fine size of terrigenous particles 
suggests that these particles were transported from distant land sources, 
while their rhythmic deposition as siltstone intervals reflects the pul
sating or cyclic nature of the landmass erosion which probably was af
fected by successive stages of uplifting. 

Limestones of Units A and B are very diverse in grain size, purity, and 
other properties. 

Numerous thin limestone intercalations in the siltstone sequences are 
pure calcarenites or, when mixed with noncarbonate particles, silicious 
or silty calcarenites. However, two thick limestone sequences, the 
Unit A Limestone (A-2) and the Unit B Limestone, contain a large range of 
carbonate litholo1gies, from calcilutite and calcarenite which are most 
frequent, to calcirudite (conglomeratic limestone), which is present in a 
few conspicuous beds overlying local, minor unconformities with a relief 
of several inches to several feet (one of these beds was encountered in 
the Unit A Limestone, one in Unit A Upper Siltstone, and three of them i n 
the Unit B Limestone). Some other carbonate varieties, mostly impure , 
include these: mixture of terrigenous silt and calcilutite (massive/ 
weakly laminated argillaceous limestone in A-2, B1 , and B5 , and laminated 
amrgillaceous limestone in B4 ); mixture of terrigenous silt and cal
carenite nodules with pure carbonate mounds (massive argillaceous nodular 
limestone with crystalline limestone lenses in B2 ), carbonaceous cal
cilutite (black massive fossiliferous limestone i n the basal portion of 
B2 ), and calcilutite/calcarenite with silicous concretions and intercala
tions (cherty limestone in A-2 and B5). 

All these t ypes of limestone , particularly calci rudi te marking uncon
formities, and carbonate mounds representing reef accumulations, indicate 
shal low marine to tidal depositional environment in whi ch sediments expe
rienced short periods of aerial exposure and erosion . Thick accumulation 
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of such limestone suggests that deposition occurred on a subsiding car
bonate platform which was accessible to an occasionally abundant supply 
of terrigenous detritus derived from an adjacent landmass. The lack of 
clear lamination in many limestone and siltstone intervals can be inter
preted as being due to highly concentrated sediment dispersion and rapid 
deposition from suspension. Frequent chert concentrations in limestone 
and siltstone reflect the silica enrichment in the basin that could be 
attributed to a remote submarine volcanic activity. Bentonite markers in 
the Chickamauga, studied in the site vicinity (TVA, 1949), prove that 
volcanoes did exist at the time and did influence the ongoing sedimenta
tion process in the region. 

3.4.2 Sedimentary Structures 

Three chronologic categories of sedimentary structures were encountered 
in the mapped excavations, largely within Unit A-3 (the Unit A Upper 
Siltstone) which is the most widespread and best-studied unit in the NI 
exposures. These are: 

1. Syndepositional structures indicating shallow marine to tidal 
depositional environment, including repeated stages of hiatus 
during which sediments were subaerially exposed. 

2. Penecontemporaneous structures indicating submarine slumping 
and deformation of soft sediments. 

3. Post-depositional structures indicating response of strata to 
overburden loads. 

Syndepositional structures are most common. They include foreset beds 
deposited on a sloping sea floor (Photograph 13), ripple marks and worm 
tubes created at the bottom of a shallow sea, and pentagonal/hexagonal 
desiccation cracks formed on the emerged sea floor (Photograph 14) . 
These structures and associated fossiliferous horizons containing shallow 
water fauna were recorded throughout Unit A-3, but with the greatest fre
quency in subunits A-3 1 and A-33 . 

Penecomtemporaneous structures represented by soft sediment deformation 
are recorded in the basal siltstone beds of subunit A-3s (directly over
lying limestone of subunit A-34 ) on the NI Base (Photograph 15). The 
deformation consists of complex, irregularly folded faint laminae within 
homogenous, featureless, and essentially massive siltstone. Such defor
mation could have been induced by submarine slumping of silty mud over a 
relatively firm and sloping surface of limestone. 

Postdepositional structures are manifested in randomly oriented vertical 
cracks extended to the full thickness of the affected bed (either l i me
stone or siltstone) and filled with an approximately 0 .5- to 1 . 0- i n . 
thick siltstone material derived from an adjacent siltstone bed. In 
places, the filling encloses limestone fragments and appears as miniature 
limestone breccia cemented with siltstone. These cracks are genetically 
associated with settlement caused by compaction of deep l y buried deposits 
before their diagenetic maturity. A heavy load of younger, overlying 
strata caused cracking of stiff underlyi ng beds simultaneously with 
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squeezing softer silt material from its original location and injection 
of that material into crack openings. Since diagenesis of carbonates is 
rapid in comparison with diagenesis of silt, cracking of brittle lime
stone beds was accompanied with fragmentation along the edges of cracks. 
A large number of these features are exceptionally well exposed on the 
upper slope of Face XVI which coincides with the top of the Unit A-32 
limestone. Similar features, but less numerous were also mapped in lime
stone as well as s·iltstone on the NI Base and the Ramp, within sub
units A-31, A-33, and A-35. 

3.5 ROCK STRUCTURE 

3.5.1 General 

The study of rock structures in the plant excavations was based on the 
orientation measurements of structural elements and on field observations 
of other relevant features. The orientation measurements included deter
mination of the strike and dip of planar elements represented by bedding, 
joints, and faults, as well as determination of the bearing and plunge 
of linear elements such as slickenslides and fold axes. All directional 
compass readings in the field were taken in azimuth values with respect 
to true north. 

The orientations of structural features exposed in the mapped areas of 
the plant excavations were systematically measured only on the excavation 
floors and those slopes that have not been supported by rock-bolts. 
These excavation surfaces are: the NI Base and the Ramp; sloping 
Face XVI, including its bench on the NI west slope; the NI east wall 
benches and slopes above Faces II, III, and IV, and nonsupported small 
Faces V, VI, and VIII, together with the enclosed bench; and the EB. 

Practically no orientation measurements were made on the NI subvertical 
walls supported by steel rock-bolts installed in the 5-ft spacing pattern 
because of magnetic interference. Such wall surfaces are: Faces I and 
XVII on the south wall; II, III, IV, VII, and IX on the east wall; and X 
and XVIII on the north wall. 

3.5.2 Strata Attitude 

On the basis of the subsurface investigations conducted at the plant site 
prior to excavation, it had been determined that the formations underly
ing the river loop area assume a rather steady attitude defined by an 
average NS2 deg E strike and 31 deg SE dip, with negligible departures 
from these values (PSAR, 1982). Such an average trend-and-inclination of 
strata at the site was confirmed, in general, by detailed geologic map
ping and inspection of the Chickamauga formation exposed in the plant 
excavations. 

The average orientation of bedding in three mapped areas of the site ex
cavations are as follows: N 60° E, 33° SE in a larger, northern portion 
of the NI, north of the 49 + 00 plant grid line; N 53° E, 33° SE in a 
smaller, southern portion of the NI, south of that line; and N 53° E, 
35° SE in the EB. These values are derived from the equal-area projec
tions of bedding, given in respective Figures 1 , 2 , and 3. The 
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49 + 00 line was arbitrarily taken as the best approximation of a transi
tional boundary where the formation trend shifts for 7 degrees. The 
greatest recorded change in inclination of strata occurs within the 
Unit A Limestone (A-2) on the west wall of the NI, where dips of nearly 
50 degrees at the southern end gradually decrease to about 35 degrees at 
the northern end. 

3.5.3 Joints 

According to previous subsurface investigations (PSAR, 1982), four sets 
of joints were distinguished, with the following average orientations: 
1) "bedding (parting)" set - N52 deg E, 31 deg SE, 2) set "perpendicular 
to bedding" - N52 deg E, 58 deg NW; and two sets of "high angle across 
bedding" joints, 3) N65 deg W, 76 deg NE, and 4) N25 deg W, 85 deg SW. 
Relatively large rock exposures in the excavations provided the opportu
nity for closer examination of joints, which resulted in a somewhat dif
ferent and broader classification. 

The criteria used to distinguish joints (exposed in the excavations) from 
each other included a variety of joint characteristics in addition to the 
orientation. Some of these characteristics are mutual relations among 
joints, behavior with respect to the thickness of affected beds and 
lithologic changes, association with other structures, dimensions, fre
quency, smoothness, character of opening and filling, extent of healing, 
susceptibility to weathering, etc. Based on such criteria, four major 
genetic systems have been recognized: 1) bedding separation, 2) settle
ment cracks, 3) compression fractures, and 4) tension joints. 

Bedding separation, or parting along bedding planes, is the oldest and 
most frequent rock discontinuity which came into existence during de
position and has been preserved since that time. Although rock is not 
separated along every bedding plane (Photograph 16), most beds are de
tached by partings. The orientation of bedding separation is discussed 
above in Section 3.5.2. 

Settlement cracks are scarce and individually developed at random, except 
for the top of the Unit A-32 limestone on the upper slope of Face XVI 
along the west wall of the NI, where these cracks are concentrated, ap
pearing as dominant features. They are, in general, perpendicular to 
bedding, and vertically confined to bed thickness, while laterally are 
extended from a few feet to several tens of feet. They trend in various 
directions with no preferred orientation. Crack openings, from a frac
tion of an inch to over an inch wide and regularly filled with siltstone 
which occasionally may include small limestone fragments, are completely 
healed and exhibit no weathering. All of these characteristics point to 
the origin of the cracks during deposition of the overlying strata which 
exerted an additional load on deeper beds, triggered cracking in brittle, 
solidified limestone, or stiff silt, and caused squeezing soft silt into 
the c.rack openings. 

Compression fractures were formed much later than the settlement cracks. 
They affected lithified or almost lithified sediments at the time of 
faulting and folding. It is evident by the fact that they are always 
adj a cent to and compatible with faults and folds in terms of their 
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location, orientation, dimens i ons , frequency , smoothness, nature of fill
ing, extent of healing and weathering, and direction of occasional small 
offsets, in which case they are also classified as faults. 

Within this system there are two sets of high-angle conjugate shear frac
tures (Photograph 17) symmetrically disposed about the stress axis iden
tified by slickensides on the fault planes. These sets enclose an angle 
of 70 to 80 degrees and correspond to the previously established two sets 
of "high-angle joints across bedding." They are confined to the excava
tion surfaces exhibiting faults, where they intersect beds indiscrimi
nately for distances of a few feet, with a gradual dev:elopment fr~m 
points above the fault to an abrupt termination at the fault plane. 

The conjugate shear fractures appear at irregular frequency, with the 
occasional presence of only one set at one location. They are regularly 
smooth and filled with calcite veinlets, which are slickensided in a few 
places and always well fused with the surrounding rock. No fracture of 
this system is open or significantly weathered, attesting to the com
pleteness of the healing process, and thus to their ancient origin. Some 
of the fractures with slickensided calcite filling display minor 
strike-slip movement of no greater displacements than a few inches . Such 
fractures were encountered on five occasions during field investigations 
of the NI excavations, and each time were classified as faults and ac
cordingly described in FRs designated by numbers 2, 3, 5, 6, and 7. This 
type of conjugate fracture was exposed on the 780-ft bench above Faces IV 
and II (reported in FRs 2 and 3, respectively), on Face X of the north 
wall (reported in FR 5), and on the NI Base (reported in FRs 6 and 7) . 
These are further discussed in the sections on faulting. 

One of the two sets of conjugate fractures strikes NW with a steep NE 
dip, whereas the other set strikes NNE with a steep W dip. A statistical 
average orientation of each set is provided on equal-area projections in 
Figures 1, 2, and 3, together wi th other related data. 

Tension fractures are represented by two contrasting sets: an older, 
weakly developed set of mainly incipient dip joints, which become actual 
detachment surfaces only upon a physical impact such as blasting; and a 
younger, well developed set of highly conspi cuous strike joints, which 
are the most widespread and most continuous rock discontinuities, except 
for bedding separation. The former i s synchronous with the compression 
fractures, the latter is a product of post-compression strain recovery. 
These two sets are perpendicular to bedding and each other (Photo
graph 18), and their trends coi ncide either with the bedding strike in 
strike joints, or with the bedding dip in dip joints (thus, strike joints 
dip in the opposite direction of bedding, at an angle complementary to 
the bedding inclination, whereas dip joints are nearly vertical, crossing 
the bedding strike at the right angle) . An average orientation of strike 
joints, derived from the average bedding attitude and field measurements, 
is N 55 deg E, 56 deg NW, and that of dip joints, derived from the aver
age bedding altitude, i s N 35 deg W, verti cal. The field orientation 
measurements made i n the three previously de fi ned excavation areas are 
shown on Figures 1 , 2, and 3. 
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Dip joints occur only occasionally and are best exposed in limestone se
quences near the original ground surface, such as the narrow excavation 
strip on the flat top of Face X, the NI north wall (Photograph 18). They 
are laterally extended only a foot or two and are vertically confined to 
the bed thickness. Full rock detachment along dip joints is rare; there
fore, few joint planes were accessible for taking accurate orientation 
measurements. Since they are mostly incipient features, no filling or 
coating was detected on joints of this set. The orientation and tight
ness of these joints indicate that they were formed in a compressional 
stress field at a great depth during folding and faulting, as a result of 
rock mass extension in the direction perpendicular to that of the 
orogenic stress. 

Strike joints occur ubiquitously in en echelon arrangement in all excava
tions and lithostratigraphic units except Unit B2 , a massive argillaceous 
nodular limestone sequence (exposed on the east, north, and south walls 
of the NI), which almost completely lacks any discontinuity. These 
joints are more frequent in limestone than in siltstone, and in thin beds 
than in thick or laminated beds. In the weathered zone, strike joints 
are open or clay filled, further extended vertically, and more numerous 
than at depths where they become tighter, diminish in size and frequency, 
and exhibit spacing from a few inches to a few feet in limestone beds, 
and from a couple of feet to several tens of feet in siltstone. These 
conditions can be seen best on Faces X and XVII, where strike joints in
tersect perpendicularly the respective north and south walls of the NI, 
and on the NI east wall ' s Faces II, IV, and IX, where these joints are 
subparallel to the wall surf ace and appear in plane patches rather than 
traces. Laterally, strike joints run from a few feet to over 100 ft, and 
vertically are usually terminated at lithologic boundaries within a 
5- to 7-ft thick interval, except in the weathered zone where downdip 
extension may reach 15 to 20 ft (Photograph 19). Smoothness of strike 
joint planes varies depending on lithology and is generally much greater 
in limestone than in siltstone. 

The most important geologic characteristic of strike joints is the fact 
that they consistently cross faults and folds without being offset. This 
continuity of strike joints through tectonically deformed strata provides 
clear evidence that the episode of strike-jointing succeeded the episode 
of faulting and folding. This conclusion also can be reached, although 
indirectly, on the basis of other distinctive properties of strike joints 
and the comparison between these joints and other tectonic features, as 
discussed later. 

3.5.4 Bedding Plane Slips 

Bedding plane slips are defined by consistently slickensided calcite 
filling in bedding plane joints, and also by frequently stepped or occa
sionally multilayered slickensides exhibiting minor variations in orien
tation from one layer to another. The calcite filling is white to rose 
colored, and from a very small fraction of an inch to 1/4 in. thick. The 
combined orientation of slickensides and slickenside steps shows that the 
sense of movement along bedding planes was almost straight updip, demon
strating that bedding plane slippage is actually an implicit form of 
thrust faulting. The bearing and plunge of slickensides on bedding 
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planes and explici t thrust faults (whi ch cross bedding) are shown on 
Figures 1, 2, and 3, together with the ori entati on · of other planar and 
linear structural elements. An average orientation of these slickensides 
is S 35 deg E, 34 deg. 

Bedding plane slips are the major tectonic features at the site due to 
the frequency of their occurrence in the pl ant excavations, as well as 
the fact that other small, but more spectacular rock deformations such as 
thrust-and-fold structures or conjugate fractures are developed from the 
updip movement along bedding. These slips are present at almost regular 
intervals throughout the plant excavations, although their identification 
on plane-like wall cuts was rather di fficult, while they were very well 
exposed on the relief of the excavation floors (Photograph 20) . At a 
nwnber of locations, bedding plane slips simply ramp updip, or downdip 
(Photograph 21), or sidewise, from one bedding plane into another; howev
er, in a few places they turn into small, complex thrust-and-fold struc
tures. Simple ramping, which represents expl i cit faulting and as such is 
discussed in subsection 2.5.5, was repeatedly recorded in both the NI and 
EB excavations, while complex thrust-and-fold structures, which charac
terize shear zones and as such are described in subsection 2.5 . 6, were 
encountered only in the upper portion of slopi ng Face XIII of the NI west 
wall and in the EB excavation. 

The bedding plane slippage changes its frequency from one lithostrati
graphic sequence to another . It is most frequent i n thick to thin lime
stone of the basal portion of Subunit B5 exposed in the EB, where 
slickensided calcite filling is present in every single bedding plane . 
On the other hand, it is practically nonexistent in the Unit A Limestone 
(A-2) exposed on the west slope (Face XIII) and the Base of the NI, and 
in laminated argillaceous limestone of subunit B4 exposed above the east 
wall of the NI (the lower slope and upper bench above Faces II, III, and 
IV). 

3 .5 . S Faults and Folds 

The following four fault types were distinguished during detailed geolog
ic mapping of the plant excavations: 

1. Bedding plane slips, which are, as previously mentioned , an 
implicit form of thrust faults with unknown amount of movement 
(Photogr aph 20 ) . 

2 . Simple t hrust ramps connecting beddi ng pl ane sl i ps between two 
stratigr aphic hor i zons ; these are, strictly speaking , exp l i ci t 
thrust f aults which provide direct evidence that some moti on 
also occurred along bedding plane slips (Photograph 21 ) . 

3 . Complex thrust faults in the thrust-and-fold structures, which 
show the greatest di splacement wi t hin the site-exposed sedimen
tary r ock experiencing generally small differential movement 
parallel or subparallel to bedding (Photograph 22) . 
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4. Minor strike-slip faults, which are essenti ally those occasion
al conjugate shear fractures that exhibit slight offsets 
(Photograph 23). 

The most common physical characteristics of all faults are: the presence 
of slickensided calcite filling which forms veinlets in the openings of 
fault fractures; the fused nature of the contact between the calcite 
veinlets and the host rock; and the uniform direction of striations on 
all thrust planes (types 1 through 3), which is kinematically compatible 
with the orientation of striations on the shear planes (type 4). Addi
tionally, faults of different types are confined to the same general lo
cation displaying small-scale offsets and frequent transitions from one 
type into another. Such data, when integrated, imply that all four fault 
types are not only kinematically compatible, but are also genetically 
very closely related. 

The four fault types, together with those conjugate shear fractures that 
lack signs of fault motion and slickensides on their calcite filling, 
originated in the same time frame and the same stress field dominated by 
compression. These features are actually just secondary and tertiary 
minor deformations within a much larger structure: a thrust block bounded 
by the Whiteoak and Copper Creek Faults. The secondary deformations are 
minor thrust-type structures which reflect internal differential motion 
in response to the regional translation and rotation of the sedimentary 
stack squeezed between the two major faults. These structures are pre
dominantly updip slips of individual beds or bed sequences along strati
fication, with occasional ramping or concomitant folding, and they are 
arranged in a pattern similar to the one produced by a bent playing card 
deck. The tertiary deformations are conjugate shear fractures with occa
sional strike-slip displacements, developed as a result of minor 
thrusting. 

Those fault types that are classified as the strike-slip faults, devel
oped along the conjugate shear fractures, and bedding plane slips were 
discussed earlier in Sections 2.5.3 and 2.5.4, respectively, together 
with their exposures in the plant excavations. The remaining two types, 
the simple thrust ramps and the fault-and-fold structures, are the most 
obvious manifestations of faulting along continuous surfaces, although 
the simple thrust ramps are not easily recognizable in the excavations. 

The simple thrust ramps are very common features accompanying bedding 
plane slips. They usually merge into bedding planes at short distances 
of less than a foot to several feet vertically, and a few feet to a few 
tens of feet laterally . According to their spatial relation with the 
bedding, these surfaces connecting bedding plane slips may be upramps, 
downramps, or sideramps, depending on whether they dip in the same direc
tion as the intersected bedding but at a steeper angle (upramps) or at a 
lower angle (downramps), or in a different direction at various angles 
(sideramps), in which case some ramps coincide with conjugate shear frac
tures (strike-slip faults). An upramp exposed on Face XVII of the NI 
south wall was recorded in FR 7, along with some other features. 

The thrust-and-fold-structures are the most conspicuous features in the 
plant excavations. They were developed as an upward extension of the 
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bedding plane slips beyond the points where motion of the rock mass could 
not be further accommodated by mere slippage. When resistance to dislo
cation along bedding plane slips at these points exceeded the thrusting 
force, the displaced strata continued to move upward in a quite different 
fashion, by a bulging mechanism which combined folding and faulting. 

Two bands containing a number of parallel thrust-and-fold structures were 
encountered in the plant excavations, and each has been identified as a 
shear zone because of highly concentrated thrusting that resulted in 
strong imbrication and a considerably greater cumulative displacement 
than elsewhere outside these bands. One shear zone is exposed on the 
sloping Face XIII of the NI west wall, within the decomposed top portion 
of the Unit A Lower Siltstone (A-1). This western, stratigraphically 
lower zone was not geologically mapped. However, due to fault detection 
<luring inspection (reported in FR 1), a detailed study of the structural 
features preserved in the saprolite was conducted in seven exploratory 
trenches; equal-area projections of measured structural elements are 
shown on Figure 4. The location and stratigraphic position of this zone 
is indicated on Plate 2. Another shear zone (reported in FR 4) is locat
ed in the EB excavation, within a cherty limestone sequence of Sub
unit Bs. This eastern, stratigraphically higher shear zone, along with 
the surrounding area, was studied in more detail than any other excava
tion. In addition to detailed geologic mapping (Plate 3) and examina
tions along fourteen specific cross sections (Plate 4), field 
reconstruction of the geologic column also was conducted. Equal-area 
projections of structural elements measured in the excavation are pre
sented on Figure 3. 

The significance of the shear zones is discussed in Section 5.5.6, while 
the thrust-and-fold structures constituting these zones are describ·ed 
below. 

Manifestations of rock deformation in the two shear zones are almost 
identical, although the eastern zone exposed solid rock in a wide area 
whereas the western zone exposed saprolite which was accessible to inves
tigations almost exclusively in dug exploratory trenches. Nevertheless, 
it was observed in the two zones that a number of bedding plane slips are 
gradually transformed (along both their strike and dip) into folds and 
thrust faults. This transition is demonstrated by a steady growth of 
folds from a rudimentary form at inception to an ultimate size with pro
gressively increasing amplitudes (within a foot to a few feet) until the 
governing bedding plane slips ramp upward and cross folded beds to become 
thrust or reverse faults. These faults, developed from folds, are addi
tionally accompanied with drag folds created by thrust movement. As a 
result, intermittent anticlines are developed on the hanging walls of the 
thrust faults, and in a similar manner synclines are intermittently 
formed on the foot walls (Photograph 22). These folds are upright to 
overturned to the NW, with the axes parallel to the plane of thrusting 
and plunging in the SW direction at usually low angles. Fold lengths 
range from a few feet to several tens of feet. The thrust-and-fold 
structures are also accompanied with a number of concomitant splay 
thrusts which branch out from the main dislocation. Folded beds in these 
structures exhibit localized differential movement due to bending, which 
is evidenced by curved bedding plane slips with step-slickensided and 
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striated calcite filling; slickenside steps poi nt updip, toward the hinge 
of anticlines (on the hanging wall), and away from the hinge of synclines 
(on the foot wall). It is interesting to note that folded competent 
beds, including especially brittle chert, are bent in a continuous man
ner, without fragmentation, indicating their ductile state at the time of 
deformation. 

3.5.6 Shear Zones 

As noted in the previous section, two shear zones were exposed in the 
plant excavations. Their existence was indicated during the initial sub
surface investigations (Seay, 1973), and the western shear zone was 
clearly defined by 37 exploratory borings in the later stages of the site 
study, prior to excavation (PSAR, 1982). However, this stratigraphically 
lower shear zone was encountered only in the lower portion of the Unit A 
Limestone (A-2), at depths below the excavation grades, while a thorough 
inspection of all A-2 exposures on the NI Base and the sloping west wall 
did not reveal any shearing effects or other signs of deformation which 
would indicate that the zone extends from the subsurface upward through 
the same unit. In fact, the exposed portion of the Unit A Limestone is 
the only well-stratified interval observed in the plant excavations that 
lacks bedding plane slips. On the other hand, the uppermost portion of 
the Unit A Lower Siltstone (A-1), which directly underlies the Unit A 
Limestone, is highly deformed by the thrust-and-fold structures. There
fore, this portion of Unit A-1 has been identified as the updip extension 
of the western shear zone. It seems obvious that the zone ramps down 
from the competent limestone of Unit A-2 at depth to the underlying in
competent siltstone of Unit A-1 at the ground surface, as shown in the 
interpretative cross section on Plate 2. 

Inasmuch as the normal stratigraphic superposition of sedimentary se
quences has not been apparently affected by the shear zones, and since 
displacement along individual thrust-and-fold structures are on the order 
of several feet only, it is concluded that a total cumulative dislocation 
along each of the shear zones is not significant, probably not substan
tially greater than such a dislocation along comparable zones of concen
trated bedding plane slips. Considering this limitation in the amount of 
thrusting attributed to the shear zones and extensive occurrence of com
patible thrusting attributed to numerous bedding planes, the thrust-and
fold structures and the bedding plane slips appear to belong to the same 
family of subparallel and closely spaced small thrust faults that reflect 
internal differential movements within the regionally transported mass of 
sedimentary rock. 

3.5 . 7 Genetic-Chronologic Classification 

All structural features observed during geologic mapping in the plant 
excavations, and described in detail in the previous sections, also can 
be classified in accordance with their success i ve ori gins as syndeposi
tional, penecontemporaneous, diagenetic, synorogenic, and postorogenic. 
Contemporary features may be added to this classification for the sake of 
its completeness. 
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Syndepositional features are preserved as stratification (bedding) , local 
unconformities, and mud-filled dissication cracks. Together with other 
sedimentary structures, rock compositional characteristics, and fossil 
content, these features indicate a generally shallow-water depositional 
environment in the basin, which occasionally at some localities was 
changed into a subaerial environment marked by erosion and subsequent 
channel filling. 

Penecontemporaneous features are represented by slump folds, which are a 
form of subaqueous soft sediment deformation caused by downslope sliding 
of accumulated mud (there is only a single exposure of slump folds re
corded on the NI Base). As an additional indication of the depositional 
conditions, the existence of slump folds further contributes to under
standing the character of the basin floor topography. 

Diagenetic features are represented by mud-filled settlement cracks cre
ated during the initial period of diagenesis under a heavy load of over
lying sediments which induced vertical stress and compaction, causing 
brittle beds to crack and intercalated plastic material to be squeezed 
out and injected into crack openings. This phenomenon demonstrates 'that 
competent and incompetent lithologies experienced a different rate of 
diagenesis, and thus each lithology responded to stress in a different 
manner. 

Synorogenic features were formed during tectonic shortening, either as 
products of compression or as a product of concomitant, restrained exten
sion perpendicular to compression . They include the following four 
kinematically compatible groups characterizing the same stress field: 
1) thrust forms represented by bedding plane slips, including the inter
connecting ramps, and reverse and thrust faults; these forms are parallel 
or subparallel to the inclined bedding· and exhibit a uniformly updip 
sense of displacement; 2) shear forms represented by two sets of high
angle conjugate shear fractures, which are bisected by the direction of 
thrusting; these fractures are adjacent to thrust-forms and occasionally 
exhibit strike-slip displacements in two corresponding directions which 
are compatible with the direction of thrusting; 3) folds represented by 
flexural and drag folds, which are strictly associated with and integrat
ed into the thrust forms; and 4) joints represented by the set of incon
spicuous extensional dip joints, which are parallel to the direction of 
thrusting; these joints could not fully develop because the rock mass was 
confined in the direction of extension, thus dilation was prevented; con
sequently, their occurrence is rare and erratic, and with a very limited 
extension. 

The thrust and shear surfaces are consistently filled with calcite 
veinlets which are completely fused with the host rock, indicating both 
dilation followed by calcite deposition at the time of thrusting and 
shear fracturing, and subsequent complete healing without further distur
bance during a long succeeding period. The calcite veinlets of the 
thrust surfaces are consistently slickensided and very often also stepped 
(Photograph 24), with slickensides approximating the dip direction of 
thrust surfaces, and steps pointing updip on these surfaces, which shows 
that the movement occurred updip in stages. In cases of two coexisting 
slickensides (one overprinting another), the difference in their 
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orientation is very small, reflecting only slight changes in the direc
tion of movement from one stage to another. The calcite veinlets of the 
two sets of shear forms (conjugate fractures), if marked by offsets, are 
also consistently slickensided and frequently stepped, with slickensides 
approximating the strike of fracture surfaces and steps pointing in the 
same hemispherical area as that of the sense of thrusting. 

Postorogenic features consist of highly visible, tensile, strike joints 
created under the stress relaxation conditions following peak development 
of the compressional stress field. As a product of strain recovery re
lated to earlier differential thrusting, joints of this set are perpen
dicular to bedding (i.e., bedding plane slips) and the dip joints. 
Additionally, they are characterized by ubiquitous occurrence in all 
nonmassive sedimentary rock, great lateral extension, full rock detach
ment effects, and, most important, consistent continuity through the 
synorogenic features. With respect to the extent of dilation, strike 
joints exhibit wide openings with clay filling in the weathered zone and 
tightness with clay or calcite coating at depth. 

The postorogenic inception of strike joints is evident by the nonhealed 
nature of the joints and the joint orientation governed by the preexist
ing structures, in addition to the fact that these joints indiscriminate
ly intersect faults of all types without being offset themselves 
(Photograph 25) . 

Contemporary features comprise the products of weathering, such as regen
erated preexisting fractures, which became widened, extended, and clay 
filled, and limestone solution cavities (Photograph 26). 

3.6 GEOLOGIC HISTORY 

Many details recorded durio,g geologic mapping of the plant excavation 
provided clues for reconstruction of the successive events that occurred 
in the general site area, with some new data contributing to further un
derstanding of the regional geologic history. 

As indicated by the compositional characteristics, including consistent 
lateral and vertical changes of lithologies, fossil content, and sedimen
tary structures, the Chickamauga formation underlying the site was depos
ited in an Ordovician shallow-water miogeosynclinal basin occasionally 
experiencing localized emergence accompanied by erosion. The near site 
portion of the basin was situated between a carbonate platform of the 
stable interior to the west and a deeper sea to the east, which was re
ceiving only terrigenous detritus supplied from the adjacent rising land 
areas of the Piedmont (Harris and Milici, 1977). The transitional posi
tion of the basin is reflected i n alternating limestone and siltstone 
sequences, representing respective elastic/carbonate debris deposited in 
a clear, high-energy environment, and fine terrigenous detritus deposited 
in a similar, but muddy, environment. Since the Chickamauga is calcar
eous throughout, and siltstone sequences represent just intermittent ad
ditions of fine terrigenous detritus, the lithologic changes from 
limestone to calcareous siltstone probably were caused by the cyclic na
ture of rem~te silt-generating land sources rather than significant sea 
bottom oscillations. Further evidence of the tectonic activity taking 
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place in the remote eugeosynclinal region , manifested by strong volcan
ism, is provided by the presence of bentonite marker beds near the top of 
the Chickamauga, encountered in many areas near the site (TVA, 1949; 
McMaster, 1969), as well as thin, frequent chert beds intercalated in 
both siltstone and limestone at the site . 

The process of diagenesis co111nenced immediately after sediment deposi
tion, then slowly proceeded with the increasing load pressures of the 
overlying strata, and, with the initiation of later orogenic disturbanc
es, progressed at an accelerated rate due to an additional stress . The 
completion of this process probably predates the termination of the 
Alleghenian orogeny at the end of the Paleozoic era . Lithification ad
vanced substantially more rapidly in limestone than in siltstone because 
of the exceptionally prompt carbonate cementation of the carbonate rocks. 
For this reason, at a relatively early stage of diagenesis, competent 
limestone was solidified, whereas incompetent siltstone still retained 
soil consistency, as demonstrated by settlement cracks in limestone, 
which are filled with injected or squeezed-in siltstone. 

While deposition of the Chickamauga was synchronous with the Taconic 
orogeny of the Ordovician period, which folded the northern Appalachians 
and probably ·supplied the site region with terrigenous detritus, it is 
not quite clear whether the Acadian orogeni c episode of the Mid-Paleo
zoic, which also affected the northern Appa l achians, had a tectonic im
pact on buried sediments of the southern Appalachians. However, the 
Alleghenian orogenic episode of the late Paleozoic, which deformed the 
rocks of the central and southern Appalachians, completely transformed 
the sedimentary basin containing the Chickamauga into a mountain region 
by i ntensive folding and faulting. The site region along with the rest 
of the Valley and Ridge province was altered by the tectonic shortening 
and uplifti ng events, during which the Paleozoic sediments were trans
ported westward for many miles along the subhorizontal main decollement 
zone above the basement . In the process, strata were initially folded 
only , and later the folds were further deranged along numerous thrust and 
reverse faults bounded on their extremities by transverse tear faults . 

As a result of this thin-skinned tectonics, the region attained an intri 
cate structure compri s i ng a series of subparallel thrust faults which 
separate thrust blocks with the remnants of the primary folds and a num
ber of minor, secondary faults and folds . The s i te i s situated within 
such a thrust block, which is bounded by the Copper Creek Fault to the SE 
and the Whiteoak Fault to the NW. 

Duri ng orogenesis, sediments were deformed i n response to a continuous 
compressional stress field with a maxi mum pri nc i pal stress oriented 
NW-SE, causing a large rock mass bounded by regional thrust faults to be 
t ranslated in that direction, and rotated upward. Internal stresses 
wi thin these blocks were accommodated by small di f f erent i al movements (in 
the general direction of the regional thrusti ng) al ong planes of weakness 
which mostly were preexisting bedding planes representing, at the time, 
the only pronounced rock discontinuity. At thos e points on a bedding 
plane where resistance to differential s lips exceeded the pers i stent 
stress, at firs t flexural folds were formed , followed by a new sl i ppage 
surface developed updip in a·reas of least resistance. Such new slippage 
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surfaces were either small ramps connecting two bedding plane slips, or 
small thrust faults across bedding, accompanied by drag folds. Since the 
surfaces of differential displacements were not ideal planes, thrust 
faults and bedding slips became dilated and thus were gradually filled 
with veinlet-forming calcite deposited from carbonate-saturated connate 
groundwater. During extended motion which progressed in stages, these 
veinlets grew in thickness and acquired steps and slickensides marking 
the actual path of dislocation . 

The stress conditions that were responsible for differential motion along 
bedding plane slips and thrust faults, as well as for associated folding, 
also caused minor and localized rock shearing along two sets of conjugate 
fractures oriented symmetrically and at a small angle with the principal 
stress direction. These fractures also became dilated and filled with 
calcite, and, in a few places, offset by slight strike-slip motion 
kinematically compatible with thrusting, in which case the calcite 
veinlets also acquired steps and slickensides. 

The rock behavior during tectonic deformation was influenced by the 
temperature-pressure conditions which varied with depth. Deeply buried 
sediments in the compressional stress field at the time, such as the 
Chickamauga formation, were affected by high temperatures in accordance 
with the thermal gradient, and a great lithostatic pressure caused by the 
load of thick overburden sediments, in addition to an enormous lateral 
pressure generated by the orogenic forces. As a result, these sediments 
were ductile enough to behave plastically within certain limits, although 
their diagenetic maturity made them respond to stress mostly as a brittle 
material. In spite of the fact that bedding plane slips, thrust faults, 
folds, conjugate shear fractures, and dip joints were formed synchronous
ly, small folds are ductile forms of deformation, whereas other struc
tures represent brittle rock failures. The great burial depth enabled 
the most competent rock, such as chert and limestone of the Chickamauga, 
to be bent into sharp, continuous flexural and drag folds without frag
mentation, which would not have been possible if these rocks had been 
close to the ground surface at the time of deformation. By the same to
ken, a great depth of sediments provided a favorable environment for 
calcite veinlets in the fault/fracture openings to become fused with the 
host rock. Additionally, the deeply buried rock mass was prevented from 
dilation in the direction of extension, perpendicular to the direction of 
compression which resulted in tectonic shortening; thus development of 
dip joints was retarded. 

By the end of the Paleozoic or the very beginning of the Mesozoic, the 
orogenic forces ceased to exist and, consequently, tectonic shortening in 
the comnressional stress field was terminated. Afterwards, a long period 

r£ lat1 10" • • • · A h 
of~ tectonic stability ensued and has lasted to the present time. t t e 
initial stage of that period, however, the just-compressed rock mass ex
perienced a state of tectonic relaxation, characterized by an extensional 
stress field favoring strain recovery through development of dilated 
strike joints. It is believed that a portion of the stra in energy was 
released throughout the rock mass immediately after the orogenesis ended. 
Another remaining portion of the strain energy has been continuously un
dergoing a slow rate of release, depending on the rate of erosion, and 
affecting only a zone i mmediate ly below the ground surface where rock 
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confinement is substantially reduced . Hence, strike joints are best de
veloped in the weathered zone, and they become less frequent and tighter 
with an increasing depth. 

In addition to strain recovery, weathering and erosion also have been 
continuously taking place ever since the mountain-building events came to 
an end. As a cumulative result of their great direct impact on rocks 
exposed on the ground surface or buried to a shallow depth, thousands of 
feet of overburden rock have been removed above the existing topographic 
surface in a slow, perpetual process. The main effects of weathering are 
rock decomposition into easily erodable saprolite, solutioning of carbon
ate rocks, and placement of saprolite fine soils into joint openings and 
solution cavities by descending groundwater. The chief characteristic of 
erosion is an uneven rate of progress, depending on the susceptibility of 
the underlying sediments to weathering. Rocks providing strong resis
tance to weathering and erosion have produced ridges, while weak rocks 
have been easily removed at higher erosional rates, causing deepening of 
valleys. Confinement of the rock mass has been reduced with each succes
sive stage of lowering the erosional level. Consequently, in the near
surface zone, the remaining strain energy has been gradually released, 
and the ultimate strain recovery has been achieved by widening and ex
tending the preexisting strike joints, and, perhaps, by some renewed 
propagation of additional strike joints. 

3.7 WEATHERING, HYDROGEOLOGY, AND ENGINEERING GEOLOGY 

The depth of weathering at the plant site and the kind of rock alteration 
imposed by weathering depend primarily on the lithology. Calcareous 
siltstone is generally weathered more completely and to a greater depth 
than limestone. In atmospheric conditions, siltstone becomes thoroughly 
decomposed into saprolite silt w{th a preserved original rock structure. 
Pure limestone, on the other hand, is mostly affected by solutioning 
which has produced elongated, intermittent cavities along two discontinu
ities: bedding planes and strike joints. Development of solution cavi
ties in argillaceous limestone is limited to the most intensively 
weathered zone immediately below the ground surface. A subordinate, but 
most persistent rock type is chert which appears in nodules, lenses, 
stringers, and thin beds intercalated with limestone and siltstone; when 
present in saprolite, chert remains unchanged, except for being somewhat 
fragmented. 

Bedding planes and strike joints are two major conduits for groundwater 
circulation and weathering. More jointed and thinner beds are more po
rous and permeable, and thus are deeper weathered than their impervious 
counterparts. Weathering is also indicated by color changes. Greenish
gray limestone and dark gray argillaceous limestone, for example, become 
light brownish gray when weathered, and maroon siltstone changes to 
brownish yellow. Discoloring at a greater depth affects only the narrow 
surroundings of a bedding plane or strike joint, attesting that weather
ing has not been extended much beyond the discontinuity itself. 

In the plant excavations weathered rocks were encountered on the higher 
slopes of the east and west walls of NI. There i s a relatively sharp 
boundary between weathered and fresh rocks i n the excavations, and it 
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coincides with bedding planes . On the slope above the NI east wall, this 
boundary is within subunit B4 , laminated argillaceous limestone. On the 
NI west slope, the weathered-rock, fresh-rock boundary coincides with the 
siltstone-limestone contact, i.e., the contact between the Unit A Lower 
Siltstone and the Unit A Limestone, respectively. The most cavernous 
limestone was encountered in subunit B3 , exposed on the 780 ft bench 
above the NI east wall, and in subunit B5 , exposed in the EB excavation 
(Photograph 26). Such concentration of caverns is attributed to lime
stone purity and thickness of lithologic units. Most cavities were 
partially filled with lateritic clay (a residue from limestone solution) 
mixed together with descending saprolite silt. The maximum radius of 
cavities is a few feet, while length of cavities along discontinuities 
run from a few feet to several tens of feet. All cavities on the 780 ft 
bench above Faces II, III, and IV on the east wall of NI, and in the EB 
have been cleaned and plugged with concrete. 

P1.' er\J- ~ 
Considering the extend to which rock characteristics change with depth, 
using such criteria as joint frequency, size of opening, and type of 

E· ' •·1 filling in strike joints, solution cavities in limestone, extent of 
~ saprol~tization, rock ·color transitions, etc, the weathering zone is lim

ited to a maximum depth of less that 100 ft from the original ground 
surface. 

The depth limits to which rocks exposed in the plant excavations have 
been weathered is attributed to the generally impervious nature of the 
Chickamauga, particularly its siltstone sequences. Interstitial porosity 
of these rocks is negligible, and practically all the space available for 
groundwater storage and circulation is provided by the two sets of dis
conti(lui ties, bedding plane separations and strike joints. Although 
fracture porosity and corresponding permeability may be very high in the 
weathered zone, they are sharply reduced with depth because these discon
tinuities become tighter, less frequent, shorter, and with a strongly 
subdued hydraulic connection. For this reason, the NI Base at el 714 ft 
has hardly exhibited any seepage in spite of the fact that it is far be
low the groundwater table and about 27 ft below the Clinch River. Simi
larly, the drain pi pes installed on the NI walls at a 10-ft spaci ng are 
mostly dry, although some are wet due to slight continuous seepage, but 
none shows real flow. Regardless of a high hydraulic gradient toward the 
NI excavations, leakage into the excavation is very small and slow, and 
most of the water accumulated at the NI base to el 723. 5 ft during the 
last 7 months since construction activity ceased (October 1983 to 
May 1984) comes from runoff. 

In order to ensure safe construction of the plant, a very conservative 
geotechnical design was employed with respect to stability of the NI 
walls. In addition to the drain pipes spaced at a 10-ft distance to fa
cilitate drainage behind the faces, the design included a support by 
rock-bolts installed on a 5 x 5 ft pattern, combined with wire mesh 
placed around NI on the subvertical north, east, and south walls. The 
north and south. walls lack any potential failure surfaces because none of 
the discontinuities dip into the excavation. Hence , these walls would 
have maintained natural stability, but with rock-bolts, that stability 
has been further rei nforced . The upper portion of the east wall exposes 
subunit B2 , a sequence of mass i ve rock, f rom the wall top to a line 
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connecting elevations 763 ft and 731 ft at the northern and southern 
ends, respectively. This sequence is featureless and lacking potential 
failure surfaces because it has practically no discontinuities at all, as 
determined at an early stage of geologic mapping, and later confirmed by 
TV monitoring of a number of rock-bolt holes. Nevertheless, natural sta
bility of this upper portion of the east wall was further enhanced by 
rock bolts. The lower portion of the same wall, which exposes sub
units A-3 5 and B1 (both well-stratified and affected by strike joints), 
possesses potential failure surfaces along strike joints dipping into the 
excavation. The rock bolt system supporting this lower portion of the 
east wall has been adequately designed and installed to ensure stability 
of the wall. Further stability of the NI east wall, on the 780 ft bench 
exposing numerous solution cavities, was secured by cleaning void space 
and replacing natural clay deposits with concrete. However, these voids 
are overbridged in many places with rock struts, providing natural sta
bility to the rock mass above the cavity ceilings due to multiple, close
ly spaced support points. 

The subvertical rock surfaces (faces or walls) exposed in the plant exca
·vations have been rather smoothly cut, yet damaged by blasting in terms 
of slight displacements of rock blocks bounded by discontinuities 
(Photograph 27). During an earlier stage of excavation, the extent of 
damage to the rock behind the blasted face was much greater than during 
subsequent stages. This damage was manifested as erratic offsets of 
blast-hole traces in various directions, including · the opposite direc
tions of two adjacent traces. Displacements of rock blocks due to blast
ing amounted to several inches. The subhorizontal rock surfaces (bases 
or floors) and those sloping in the opposite direction of bedding have 
been blasted without damage, but have large overbreaks creating a relief 
of several feet. In these cases, as best illustrated by the NI Base, 
harder rocks, such as limestone, formed ridges, and softer rock, such as 
siltstone, formed valleys (Photographs 9, 12, and 16). The sloping exca
vation surfaces which are superimposed on the bedding have been blasted 
smoothly without damage to the rock. 

Various sedimentary rocks exposed in the plant excavations are classi
fied, with respect to their behavior under atmospheric conditions, in two 
basic categories: · pure limestone and silt/clay-rich lithologies, includ
ing calcareous siltstone and argillaceous limestone. Within a relatively 
short period of time, say between a few yearly seasons and several years, 
pure limestone will remain apparently unchan ed while the silt/clay-rich 
varieties are affected by slaking. The1~hro0J · i.: usceptible - lith:ologies· to 
slaking are maroon siltstone of Unit A-3 exposed on the NI base and the 
north, east, and west walls, and subunit B2 , massive argillaceous nodular 
limestone exposed on the NI east wall and the eastern periphery of the 
north and south walls. The slaking process on the excavation faces, al
though slow, will tend to be perpetual because the initially crumbled and 
disintegrated material ultimately will be detached from the wall and 
brought downslope by gravity, thus exposing a fresh surface to a renewed 
destructive action of air and moisture in another cycle. Consequently, 
firm wall surfaces will retreat from the excavation, leaving behind a 
pi l e of small rock fragments at the foot of the walls. The slaking pro
cess could be prevented by coating appropriate walls or sections of the 
walls with concrete . 
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3.8 SITE SUITABILITY 

3.8.1 Seismic Suitability 

An assessment of the site seismic suitability for the CRBRP is based on 
structural characteristics of the strata exposed in the plant excava
tions, and on the assumption that such characteristics faithfully reflect 
the past rock disturbances, including faulting, which deformed the Pa
leozoic formations in that tectonic province and thus provided clues for 
predicting whether there is a potential for earthquakes in the near fu
ture. Data on site structural characteristics, particularly on faults 
and fault-related features, demonstrate that the location of the CRBRP is 
seismically suitable for construction and operation of a safety-sensitive 
nuclear facility because all site faults have been inactive since the 
late Paleozoic or early Mesozoic eras, indicating that they are not capa
ble of generating earthquakes. 

3.8.l.l Fault Analysis 

During the course of geologic mapping in the plant excavations, faults 
were encountered on seven occasions. Interpretations and descriptions of 
these faults are found in reports filed during the progress of the map
ping (FRI through 7 and supplements). The conclusions reached by study
ing faults in the site excavations not only coincide with the conclusions 
expressed in the PSAR for the CRBRP, but$' substantiate them with details 
and refinements that can be exclusively acquired by the access to, and 
observations of large, cleaned, and surveyed man-made exposures. 

From a structural geology viewpoint, two groups of ancient structural 
features exposed in the plant excavations have been clearly distin
guished. An older group consists of features created in a compressional 
stress field during the Alleghenian orogeny (230 mya) which caused major 
thrusting in the Southern Appalachians, including the site areas. Faults 
and adjacent conjugate shear fractures along with drag- and flexural 
folds {compressional features), as well as dip-joints (extensional fea
tures tending to dilate perpendicularly to the direction of compression), 
belong to this group. A younger group of structural features consists of 
strike joints which were created in the extensional stress field of the 
postorogenic period marked by regional strain recovery affecting com
pletely lithified, brittle sediments. 

From the particular aspect of the fault plane ori~entation with respect 
to bedding, there are three types of faults mapped in site excavations, 
and all three are conspicuously marked by slickensided and stepped 
calcite filling which forms veinlets. 

Type 1 Faults - Bedding Plane Slips - The most frequent type of faulting, 
although without unequivocal evidence of dislocation, is bedding plane 
slippage. It is closely spaced in certain zones, while in other zones, 
it is absent. Striations and slickenside steps on the bedding plane 
slips disclose updip differential movement (thrusting) toward the north
west. Numerous bedding plane slips have been recorded in the EB area and 
on the floor and walls . of the NI. All other types of faults and associ-
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ated small folds and shear joints were generated by bedding plane 
slippage. 

Type 2 Faults - Thrust Faults - Another type of faulting identified at 
the site is a subcategory of bedding plane slip faults, i.e, ramping of 
bedding plane slippage across beds to an overlying or underlying bedding 
plane, producing small thrust faults. Ramping at an angle steeper than 
the bedding dip results, at some locations, in the formation of small 
drag-folds adj a cent to the fault plane. In other cases small flexural 
folds are developed along bedding plane slippage, and these folds often 
exhibit a gradual lateral transition into thrust faults which, in turn, 
further merge into higher bedding plane slips. Chert and limestone beds, 
which are presently extremely brittle lithologies, display continuity 
without fragmentation in hinge areas of all small folds, indicating their 
ductile behavior at the time of bending that is synchronous with fault
ing. Small thrust faults (ramping portion of bedding plane slips) accom
panied by small drag- and flexural-folds are found in two shear zones: 
one in saprolite derived from the Unit A Lower Siltstone on the upper 
west slope of the NI, as noted in FR No. 1 and its subsequent Supplement, 
and another in the EB area for which FR No. 4 was filed and a more elabo
rate discussion provided in a subsequent Supplement to that report. Sim
ple small thrust faults without concomitant folds were encountered on the 
floor of the NI and Face XVII. The former is a downramp; the latter is 
an upramp, and both are described in FR 7 and its subsequent Supplement. 

Type 3 Faults - Faults Coinciding with Conjugate Shear Fractures - The 
third type of faulting is confined to shear fractures with hardly notice
able lateral dislocations. Only a small percentage of shear fractures 
exhibit displacement and are determined as faults . In general, shear 
fractures are limited in extent (to a few feet), and are present only in 
the proximity of, or adjacent to other faults. Orientation of these 
fractures conunonly vary. Shear fracturing and faulting along shear frac
tures are the result of mass adjustment associated with bedding plane 
slippage. Faults coinciding with shear fractures were located on the 
780 ft elevation bench above Faces II and IV, and on the floor of the NI. 
Their description is provided in FRs 2, 3, 5, and 7, with a conclusive 
interpretation presented in the Supplements to FRs 4, 6, and 7. 

Strike-Joints - Representatives of the Younger Group of Structural 
Features - Regional strike-joints are the most frequent structural 
features of rock exposed in excavations at the site. They are a product 
of strain recovery induced in a stress relaxation environment bringing 
the faulted and folded rock to a more tensile mode . They extend 
laterally from a few feet to over 100 ft; vertically, they usually 
terminate at lithologic boundaries. These joints are indiscriminately 
present in all excavation areas and stratified lithologies, with a 
greater frequency in thin and nonargillaceous beds. Their regional 
character, high propagation ability, and indicriminate presence indicate 
jointed beds have experienced a substantial environmental (tempera
ture, pressure), or diagenetic change, or or both, since the time of 
folding and fault i ng. 

Stri ke joints are tight to open, calcite coated to clay filled, and com
monly weathered, parti cularly when cl ose to the original ground surface; 
in limestone they are enlarged by solutioning, and they control the 
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development of cavities. All these characteristics distinguish them 
sharply from shear fractures, but most significant, strike joints are 
consistently continuous (not offset) through all types of faults and 
other compressional structures . This observation provides definitive 
evidence that the last faulting at the CRBRP Site occurred earlier than 
the formation of strike joints. Hence, the existing faults at the site 
are long inactive and of a nonrecurring nature. This fact further sub
stantiates the evaluation of site faults made in the PSAR for the CRBRP . 

3.8.1.2 Fault Inventory 

Faults encountered at the site since the very beginning of excavation are 
described in fault notification reports (FRs), and interpreted in subse
quent supplements to these reports. All seven fault reports and their 
supplements are filed with the PMC. Systematic information regarding the 
dates of fault detection and notification, as well as the type and loca
tion of the faults are contained in the Preliminary Report on Geologic 
Faults in the CRBRP Site Excavations, which is also filed with the PMC . 

The following is a swnmary of faults detected and reported during geolog
ic mapping and inspection of excavations at the CRBRP site: 

Fault Bedding Faults Coinciding 
Report Plane Ramping (Thrust Faults) With Conjugate 
Number Slippage With Folds Without Folds Shear Joints 

1 Yes Yes Yes (the western 
shear zone) No 

2 Yes No No Yes 
3 Yes No No Yes 
4 Yes Yes Yes (the eastern 

shear zone) No 
5 Yes No No Yes 
6 Yes No No Yes 
7 Yes No Yes No 

3.8.2 Engineering Suitability 

From an engineering viewpoint, the plant excavations in rock are a suit
able site for almost any type of construction because the foundation lev
el is far below the weathered zone. The NI Base at el 714 f t is 
underlain by hard, sound limestone and softer siltstone which is prone to 
desintegration in weathering conditions. However, most of the NI Base is 
covered with a leveling concrete mat which protects siltstone from 
slaking. 

The NI subvertical walls are supported by rock bolts reinforcing their 
natural slope stability, and are also protected by wire-mesh which pre
vents detached rock fragments from falling away from the wall. The two 
types of exposed rock, limestone and siltstone are good foundation mate
rial provided that the siltstone is not too long exposed to atmospheric 
conditions, and that the limestone is not affected by solution cavities 
which are confined to the weathered zone. Physical properties of the 
sound, unweathered rock, based on the field and laboratory testing, are 
discussed and presented in the PSAR. 
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SECTION 4 

CONCLUSIONS 

I n 1983 , during a 10-month course of field geo l ogic i nvest i gat i ons i n the 
CRBRP excavations , all surfaces exposing rock and soil were inspected , 
and most of the QA Category I rock surfaces were mapped in detail before 
the project was cancelled. Soil surfaces exposed on the excavation 
slopes were not mapped . 

The sedimentary rocks exposed in the plant excavations belong to the 
Chickamauga Formation of late Ordovician age. They comprise maroon 
calcareous siltstone alternating with greenish-gray limestones . These 
sediments strike homoclinally in a NNE direction, with a SE dip of ap
proximately 33 deg. They contain the following structural features 
induced in a compressional stress field during the Alleghenian orogeny: 
numerous bedding plane slips, a number of thrust faults representing 
ramps which connect bedding plane slips, two sets of conjugate shear 
fractures with occasional offset, a set of subdued dip jo i nts, and two 
shear zones comprising concentrated slips, thrusts, folds, and conjugate 
shears. Additionally, the strata are also affected by a set of well
developed strike joints which are strain recovery features created in the 
stress relaxation period following orogenesis. 

Near the end of the Paleozoic when the depositional basin was filled, but 
prior to the initiation of the Alleghenian orogenesis, the Chickamauga 
Formation was deeply buried beneath a series of younger formations. Un
der the load of the overburden which had been growing throughout the 
Paleozoic, the Chickamauga Formation had experienced gradual compaction 
and diagenesis. During orogenesis, however , this formation and the sur
rounding format i ons were transported westwardly above a near-basement 
decollement zone, folded, deflected upward on fault ramps, and broken in
to a number of thrust blocks (the site is within such a bl ock bounded by 
the Copper Creek Fault to the south and the Whiteoak Fault to the north) . 
In the process, beds and bed sequences were different i ally di splaced 
along numerous bedding planes in the general direction of thrusting , 
further i nducing development of flexural folds, thrust f aults crossing 
bedding and related drag-folds, and conjugate shears . All displacement 
surfaces were dilated for a while, and then calcite filled and slicken
sided due to the continuity of movement . When the movement ceased, the 
di splacement surfaces within the Chickamauga became healed by calcite 
f i lling . Subsequently, during the stress r elaxati on period accompanied 
by a reduced overburden load, the extensional strike joints developed as 
a manifestation of the strain recovery . These joints i ndiscri minately 
intersect old structures and become open or clay fi lled near the ground 
surface. Hence, i t i s concluded that all site faults have been inactive 
since the late Paleozoic or early Mesozo i c , and thus are not capable, 
within the meaning of Appendix A to lOCFR , Part 100. Based on thi s 
conclusion and favorable rock engineering characteristics, i t is recom
mended that the s i te be utilized for construction of a heavy i ndustrial 
complex or a nuclear f acility . 
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TABLE 1-1 

STATUS OF GEOLOGIC MAPPING IN EXCAVATIONS 

Area 

Nuclear Island (NI) Base 

South Wall - Face XVII 

East Wall - Faces II 
through IX, including 
benches and slopes. 

North Wall - Faces X 
through XII 

West Wall - Sloping 
Faces XIII through XVI, 
including benches . 

South of NI - Face I, 
ramp, radwaste bench, and 
south and east bench 
walls. 

East of NI - Mechanical 
draft cooling tower 
(MDCT) and ductlines. 

North of NI - Face XVIII, 
emergency cooling tower 
(ECT), diesel generator 
(DG), and ductlines 

Equalization Basin 

Completeness of Excavation 

Completed, except for the 
access ramp area . 

Completed. 

Completed (but without a 
survey grid on the soil 
portion of the slope.) 

Completed (but without a 
survey grid on Faces XI 
and XII). 

Faces XIII and XVI completed 
(but without a survey grid). 
Faces XIV and XV not 
excavated. 

Completed (but without a 
survey grid on the radwaste 
bench and its walls). 

MDCT excavation completed 
(but without a survey grid). 
Ductline excavation not 
completed. 

Face XVIII and ECT-DG exca
vations completed (but 
without a survey grid). 
Ductline excavation not 
completed. 

Completed and backfilled. 
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Mapping Status 

Completed in the excavation 
areas. 

Completed. 

Completed, except for the 
soil portion of the slope. 

Face X completed. Faces XI 
and XII not mapped. 

Not mapped. 

Face I and ramp completed . 
Radwaste bench and its 
walls not mapped. 

Not mapped (MDCT excavation 
was not to be mapped as a 
non-Category I foundation). 

Not mapped. 

Mapped (because faults 
were encountered). 
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TABLE 2-1 

KEY STRATIGRAPHIC HORIZONS OF THE 
CHICKAMAUGA FORMATION AT THE CRBRP SITE 

Key 
Horizon 

A 

B 

c 

D 

E 

F 

G 

H 

J 

K 

L 

Original Definition1 

Description 

Distance 
Above Knox 
Dolomite (ft) 

Black chert horizon containing 
red jasper specks. Lowest key 
in the Chickamauga. 

Definitive contact between 
maroon siltstone and mottled 
limestone. 

Top of prominent fossili
ferous zone 

Contact between siltstone and 
limestone portions of Unit A. 

6-in. siltstone horizon be
tween two limestone horizons. 

Contact between greenish-gray 
and maroon siltstones near top 
of Unit A. 

Contact between thin-bedded, 
laminated limestone and 
nodular, irregular-bedded 
limestone. 

Base of prominent unit of medium 
gray, coarse-grained, massive 
limestone sandwiched between 
two zones of thin-bedded, 
dark limestone. 

92 

154 

240 

280 

390 

480 

552 

578 

Contact between dark, thin- 686 
bedded, shaley limestone underlain 
by light gray, thin-bedded 
limestone. 

Base of finely speckled fossili- 724 
ferous zone. 

Contact between irregular-bedded, 788 
light gray to dark gray banded 
limestone underlain by dark, thin
bedded limestone. 

1source : Seay, 1973. 
2This report. 
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Modified Definition2 

Supplemental 
Description/Remarks 

Outside the mapped area. 

Contact between Units A-2 
and A-3 

Siltstone bed separating one 
of the limestone intervals 
within subunit A-3 3 • 

Contact between Units A and 
B. 

Contact between Subunits Ba 
and B4 . 

Outside the mapped area. 

Approx. 
Distance 
Above Knox 
Dolomite (ft ) 

270 

385 

467 

540 

Bottom of the lowermost thin
bedded to laminated argil
laceous limestone within 
Subunit Bs. 

690 

The lowermost unconformity 720 
within Subunit B5 . 

Bottom of the first non-cherty 780 
limestone overylying the third 
local unconformity within 
Subunit Bs. 



U111l Ncmhc r Syuolw l 

Uni l 8 I. iwc s l one 

Unit A Upper A-Js 
Sill s tone 

TABLI:: J - 1 

SllBDCVISIOH Of Tllt: CHICKMIAUGA EXl'OSEO IN Tll£ tlAl'PEJ) PLAN'J' EXCAVATIONS 

1.ilholo ies 

Subunit 

Pced o111ina11lly gray, alternate thin - to 
thi c k -l>t!d d t!d I ime,.l o ne, cberty I imes lone , 
aud massive/wc~kly l3~inated argillaceous 
l rn1es l oue. (The upl'ermost part may bel o ng 
to Unit C. ) 

Happing Units 

Transitional and repetitious lithologiea, 
including: light gray thin- to thick-bedded 
lliacstone, greenish - gray aaaaive/weakly 
laminated argillaceous limestone, dark gray 
lLin-bedded cherty I i~stone (chert dispersed 
in nodules, lenses, and stringers), gray 
conglomeratic liaestone, gray to black ch"rl 
(111arker beds), aod dark gray laaoinated 
3rgillaceous li•estone (•arker beds) . 

Gray uni fonu laminated argillaceous I ionestone with scattered chert la•ina 

Gray to dark g .-ay allernate 111ediU111 to thick bedded crystalline limest-one and 111assive 
argil l a c euus nodular limestone 

llark gray u1a ssive argil la ceous nodular li11estone with aray crystalline li11eslone lense11 
and a bla c ki " h fos:;i liferouu basa l be d of changeable thickness 

Grdy al ternate lhin bedded nodular limes toue and massive/weakly laminated argillaceous 
li me s l o ne with a g reeni&h g ra y la111i nate d argillaceous li-stone basal bed 

Happed Excavat ion Area 

l::<jua li za L.i on Bas i 11 

780- to 790-ft slope and 790-ft 
bench above HJ Faces I I, I I I , and 
IV . 

HI Faces IJ, llJ, and IV, 7110- fl 
bench, and 780- to 790 - fl :; lope 

-------·-- ------ -

NI Faces X, XVII, JI, Ill , IV , V, 
VI, VII, Vlll, aud IX , and 
780-fl bench 

HI Base in SE corner, NI •·aces X, 
XVII, JI, Jll, JV, VII, and fX 

--·------------ -------
ttaroon lldssive/weakly la111iuated calcareous 
tii lLstone intt!rcalated with li•estone 

'fcansitiooal and repetitious litholoaies domi 
nated by massive/weakly laminated silti<tone. 
Other units include: la•inated silstone, 
thi c kly interbedded to intecla•inated silt 
stone and li•estone, thinly bedded argi llac eous 
li•estoue, and thin to •ediuaa thick-be1lde d 
liaestone . 

l Of· 2 

HI Base in £ port ion, NI fa ces X, 
I, XVJJ, IJ, JJI, IV , Vil, aud 
IX, and Ra11p 



'fAOLE 3- 1 (Cont) 

Lilholo'"-'-i_e_s ____________ _________ _ 

1111 it tle•1ber Syw1hol Subunit 

IJ~J t.AUpper-·--A-3.-- Greenish- g ray thin bedded li•estone 
(Cont) Silts tone 

(Cont) 

Maroon Q1ass1ve/weakJy la111i11ated calcareous 
si ltston" i ntecc .. J a ted with li•estone 

Happing Units 

Transitional and repetitious lithologies as 
those in A-3s (with an addition of a con
glomeratic liMeatone bed) but strongly 
dOllinated by thin to eediUll thick li11etitoue . 

Saae trausitional and repetitious litholog i es 
as those in A-35 . 

Nl Base N to S eod, NI Faces X, 
XVIJ, and (, and Ramp 

NI Base N to S end, NI fa ces X, 
XVIII , XVI, and XVll, and Ra•p 

------ ------ ·-·----------------- ---------------- - ----
Greenish- gr ay thin bedded li111estone 

Ma roon massive/weakly la111inaled and 
lamiuated cal car.,ous si ltstone inter
calated with I i1.1esto11e 

. -- ·- ---- --- - ---- ------·---- ----
Li11cslo11e A-2 

l.owtr A-l 
Siltstone 

l' red010inant ly gray allernate thin- to 
th i ck- bed<led limestone 

Transitional and repet i tious lithologies 
doainated by thin bedded argillaceoua lime
stone . Other units include: thin- to thi c k
bedded li•estone and thinly interbedded 
liaestone and siltstone . 

Transitional and repetilious lilhologies 
doainated by la•inated siltstone, and cha rac
terized by reduced presence of li•estone in 
c011pariao11 with A-36 • Other lithologies include: 
11111ssive/weakly la•inated siltstone, inter
Jaainated to thinly interbedded siltstone and 
li1aes Lone, aud thin- to •edi.,. thick- be dded 
limestone . 

Only pactially furthec divided into : Lbiu
bedded limestone, thin-bedded argillaceou~ 
limestone, thin-bedded congloaecattc fossili
f.,rous li11estont!, and interla11inated I imestone 
and siltstone. 

Not •apped . 
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Nl Base io N •iddle poct ion, amJ 
NI Faces X, XVII , and XVI 

---------- -

NI Balie in NW co rner '-'rid 
NI Faces X aod XVIII 

NJ Base in lbe NW corne r 



. PHOTOGRAPH 1 
AERIAL VIEW OF THE CLINCH RIVER LOOP WHERE THE CRBRP WAS SITED 



PHOTOGRAPH 2 
AERIAL VIEW OF THE CRBRP SITE PRIOR TO EXCAVATION (SHOWING THE EAST AND WEST RIDGES 
-·~· ..... ~ ...... rrT DC'~OCl""Tl\ICI V\ 



PHOTOGRAPH 3 
AERIAL VIEW OF THE CRBRP SITE AT THE START OF EXCAVATION (WITH A SUPERIMPOSED OUTLINE OF THE PLANT LAYOUT) 



PLANl .• JRTH 

PHOTOGRAPH 4 
PANORAMIC VIEW OF THE NUCLEAR ISLAND EXCAVATION SHORTLY BEFORE THE FINAL GRADE (El. 714 Fn OF THE BASE WAS 
REACHED (PHOTO TAKEN FROM THE TOP OF THE NUCLEAR ISLAND WEST SLOPE) 



PHOTOGRAPH 5 
BACKFILLING OPERATION IN PROGRESS (FRONn SYNCHRONOUSLY WITH EXCAVATION BY BLASTING (BACKGROUND) 



PHOTOGRAPH 6 
THE KNOX DOLOMITE EXPOSURE ON THE RIVER ROAD 
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PHOTOGRAPH 1 
CONTACT BETWEEN UNIT A LIMESTONE (A-2) AND UNIT A UPPER SILTSTONE (A-3) ON FACE XII OF THE NORTH 
WALL OF THE NUCLEAR ISLAND (LEFn 



PHOTOGRAPH 8 
VIEW OF SOUTHERN PORTION OF NUCLEAR ISLAND EXPOSING THE UNIT A UPPER SILTSTONE (A·3) ON FACE XVI 
(SLOPING EAST WALL AT RIGHT), THE RAMP, AND FACE XVII OF THE SOUTH WALL. AND THE BASE 



PHOTOGRAPH 9 

=~~~E~R ~~~~~ONE (A-34) APPEARING ON THE BASE, SOUTHERN FACE XVII, ANO THE RAMP OF 
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PHOTOGRAPH 10 

WESTERN HALF OF FACE X OF THE NORTH WALL OF NUCLEAR ISLAND, EXPOSING ALL FIVE SUBUNITS OF THE 
UNIT A UPPER SILTSTONE (A-3

1 
THROUGH A-35) 



PHOTOGRAPH 11 
EASTERN HALF OF FACE X OF THE NORTH WALL OF NUCLEAR ISLAND, EXPOSING SUBUNITS A-33 , A-34, AND A-3 5 UP TO 
TMS:: r.nNT&r.T AFTWEEN TME UNIT A UPPER SltTSTONE IA-!l\ AND UNIT B LIMESTONE (8) 



PHOTOGRAPH 13a 
PHOTOGRAPH 13b 

PHOTOGRAPH 13 
FORESET BEDS ON NUCLEAR ISLAND BASE (N 52 + 10, E 201 + 20) 



PHOTOGRAPH 14a 
PHOTOGRAPH14b 

• 

PHOTOGRAPH 14 

DESICCATION CRACKS ON BEDDING PLANES EXPOSED ON NUCLEAR ISLAND BASE 
(N 47 + 85, E 199 + 25) 



PHOTOGRAPH 15 
SUBVERTICAL BEDDING ON NUCLEAR ISLAND BASE, INDICATING SOFT-SEDIMENT DEFORMATION 
(N 50 + 34, E 200 + 40) 



PHOTOGRAPH 16 
CLOSE VIEW OF NUCLEAR ISLAND BASE ILLUSTRATING THE FREQUENCY OF BEDDING SEPARATION IN SILTSTONE AND 

- ------··--·--···- ·- ·--··--------.-.... ..,.,...,, ........ ~ ...... en1 At.l"P~A~T 



PHOTOGRAPH17 
UNIQUE EXPOSURE OF THREE JOINT SYSTEMS ON THE SAME BEDDING PLANE JOINT IN THE EQUALIZATION BASIN 
(TWO SETS OF CONJUGATE SHEAR FRACTURES ALONG WITH STRIKE-JOINTS AND DIP-JOINTS) 



PHOTOGRAPH 18a 

PHOTOGRAPH 18b 

PHOTOGRAPH 18 
STRIKE-JOINTS AND DIP-JOINTS FORMING A " BRICK-WAU" PATTERN IN A LIMESTONE BED ON 
THE TOP OF FACE X tUPPER\ AND A TYPICAL STRIKE-JOINT IN THE WEATHERED ZONE OF LAMINATED 



PHOTOGRAPH 198 

PHOTOGRAPH 19b 

PHOTOGRAPH 19 
STRIKE-JOINTS IN THE WEATHERED ZONE OF LAMINATED ARGILLACEOUS LIMESTONE (B-4) 
ON THE EAST RIDGE 



PHOTOGRAPH 208 
PHOTOGRAPH 20b 

PHOTOGRAPH 20 
SLICKENSIDED BEDDING PLANE SLIP (UPPER - ALONG E 199 + 30) AND SLICKENSIDED AND STEPPED 
BEDDING PLANE SLIPS TOGETHER WITH A SET OF CONJUGATE JOINTS (LOWER) ON NUCLEAR 



PHOTOGRAPH 21 
A DOWNDIP RAMP OF BEDDING PLANE SLIPPAGE ON THE BASE OF NUCLEAR ISLAND 



PHOTOGRAPH 22 . 
A THRUST-AND-FOLD STRUCTURE IN THE EQUALIZATION BASIN 



PHOTOGRAPH 23 
MINOR LEFT-LATERAL STRIKE-SLIP FAULT DEVELOPED ALONG A CONJUGATE SHEAR FRACTURE 



PHOTOGRAPH 24 
A STEPPED ANO SLICKENSIDED CALCITE VEINLET ON THE FAULT SURFACE EXPOSED IN THE EQUALIZATION BASIN 



PHOTOGRAPH 25• 

PHOTOGRAPH 25b 

PHOTOGRAPH 25 
A CLAY-FILLED STRIKE-JOINT (PARALLEL TO THE RULER) CROSSING THE SLICKENSIDED 
CALCITE-FILLED LEFT LATERAL STRIKE-SLIP FAULT SHOWN ON PHOTO 23 (UPPER), AND A FAULT 
TRACE (PARALLEL TO THE RULER) ON THE STRIKE-JOINT SURFACE IN THE 



PHOTOGRAPH 28a 
PHOTOGRAPH 28b 

PHOTOGRAPH 26 
SOLUTION CAVITIES ALONG BEDDING AND STRIKE-JOINTS ON THE BENCH (EL 780 FT) ABOVE FACE IV 
(UPPER), AND KARSTIFIED LIMESTONE IN THE EQUALIZATION BASIN, WITH NUMEROUS CAVITIES 



PHOTOGRAPH 27 
UPPERMOST PORTION OF FACE X DAMAGED BY BLASTING (DRILLHOLES ARE OFFSET ALONG 
DCnn11o.1r- DI A lo.II::~ A !Ur\ ~TDlll'r: '"'"IT~ I ID""" <t '"'"ue~ \ 
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270 

180 

FIGURE 1 
EQUAL-AREA PROJECTION OF PLANARS AND UNEARS IN 

NUCLEAR ISLAND AREA NORTH OF THE N 49 + 00 GRID COORDINATE 

AVERAGE VALUES: 

e N 60°E, 33° SE- BEDDING (400 POLES; 0-5%, 5-25%, AND 
OVER 25% POPULATION) 

¢> N 60° E, 57° NW - STRIKE JOINTS 

+ S 37° E, 33° - SLICKENSIDES 
(2 X 75 POLES; 0-5%, 5-20%, and OVER 20% POPULATION) 

A N 65 W, 57° NE AND N 38° E, 70 NW - CONJUGATE SHEAR 
FRACTURES (60 POLES; 0-10%, ANO OVER ·10% POPULATION) 



0 

THRUST FAUL TS (RAMPS) 

270 

NW SET OF CONJUGATE 
SHEAR FRACTURES 

180 

FIGURE 2 
EQUAL-AREA PROJECTION OF PLANAR$ AND LINEARS IN THE RAMP AND THE 

NUCLEAR ISLAND AREA SOUTH OF THEN 49 + 00 GRID COORDINATE 

AVERAGE VALUES: 

e N 53°E, 33° SE - BEDDING (250 POLES; 0-5%, 5-20%, AND 
OVER 20% POPULATION) 

~ N 53° E, 57° NW· STRIKE JOINTS 

+ S 30° E, 33° - SLICKENSIDES 
(2 X 50 POLES; 0·10%, 10-25%, AND OVER 25% POPULATION) 

* S 53° W, 4° - FOLD AXIS (1 POLE OF A SINGLE CRENULATION) 

A N 85° W, 85 NE AND N 12° E, 74 W - CONJUGATE SHEAR FRACTURES 
(50 POLES; 0-10% AND OVER 10% POPULATION) 

90 
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270 

FOLD AXES 

0 

180 

FIGURE 3 

NNE SET OF CONJUGATE 
SHEAR FRACTURES 

EQUAL-AREA PROJECTION OF PLANARS AND LINEARS 
IN THE EQUALIZATION BASIN (EASTERN SHEAR ZONE) 

AVERAGE VALUES: 
e N 53°E, 35° SE - BEDDING (250 POLES; 0·5%, 5-20%, AND 

OVER 20% POPULATION) 

• N 53 ° E, 49° SE • THRUST FAUL TS (25 POLES; 0·15%, 15-25%, 
AND OVER 25% POPULATION) 

~N 53° E, 55° NW ·STRIKE JOINTS 

+ S 37° E, 35° • SLICKENSIDES 
(2 X 50 POL-ES; 0-10%, 10-25%, AND OVER 25% POPULATION) 

* S 51 W, 6° ·FOLD AXES (25 POLES, 0-20%, 20-40%, AND OVER 40% 
POPULATION 

AN 58 W, 74° NE AND N 7° E, 60° W ·CONJUGATE SHEAR 
t!!ftA6"•ttft~I.!' l•A ....... e>'-"' . ft 4A ~ft. J ...... ~ ftlPflli / A ...... Al• .... --~-. , .,. ..... .,.. •• , •~t..-..a•• 

90 
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BEDDING 

270 

FOLD AXIS 

180 

FIGURE 4 
EQUAL-AREA PROJECTION OF PLANARS AND LINEARS ON 

THE WEST SLOPE OF NUCLEAR ISLAND (WESTERN SHEAR ZONE) 

AVERAGE VALUES: 

e N 50°E, 45° SE- BEDDING (300 POLES, 0·5%, 5·10%, AND 
OVER 10% POPULATION) 

• N 50° E, 70° SE· THRUST FAULTS (20 POLES) 

* S 35° W, 22° ·FOLD AXIS (10 POLES) 

90 
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