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HAASE, C. S. , E. C. WALLS, and C. D. FARMER. 1984. 

Strat igraphic and s t ruc tura l data for the Conasauga Group 

and the Rome Formation on the Copper Creek Fault Block 

near Oak Ridge, Tennessee: Preliminary Data from Test 

Borehole ORNL-JOY No. 2. 

ABSTRACT 

To resolve long-standing problems wi th the strat igraphy of the 

Conasauga Group and the Rome Formation on the Copper Creek f au l t block 

near Oak Ridge National Laboratory (ORNL), an 82B.5-m-deep tes t 

borehole was d r i l l e d . Continuous rock core was recovered from the 

17.7- to 828.5-m-deep In te rva l ; temperature, ca l i pe r , neutron, 

gamma-ray, and acoustic ( ve loc i t y and televiewer) logs were obtained. 

The Conasauga Group at the study s i t e Is 572.4 m th ick and 

comprises s ix formations that are - 1n descending s t ra t ig raph ic 

order - Maynardvll le Limestone (98.8 m), Nollchucky Shale (167.9 m), 

Naryv l l le Limestone (141.1 m), Rogersv1lie Shale (39.6 m), Rutledge 

Limestone (30.8 m), and Pumpkin Valley Shale (94.2 m). The formations 

are 11tholog1cally complex, ranging from c las t l cs that consist of 

shales, mudstones, and s l l t s tones to carbonates that consist of 

m lc r l tes , wackestones, packstones, and conglomerates. 

The Rome Formation 1s 188.1 m th ick and consists of var iab ly bedded 

mudstones, s l l t s tones , and sandstones. The Rome Formation thickness 

represents 88.1 m of r e l a t i ve l y undeformed section and 100.0 m of 

highly deformed, Jumbled, and p a r t i a l l y repeated sect ion. The bottom 

x 



of the Rome Formation 1s marked by a tectonic dlsconformlty that 

occurs w i th in a 46-m-th1ck, intensely deformed In terva l caused by 

motion along the Copper Creek f a u l t . 

Results from th i s study establ ish the strat igraphy and the 

l i t ho logy of the Conasauga Group and the Rome Formation near ORNL and, 

for the f i r s t t ime, al low for the unambiguous cor re la t ion of cores and 

geophysical logs from boreholes elsewhere 1n the ORNL v i c i n i t y . 

x1 



1. INTRODUCTION 

1.1 BACKGROUND 

Geological Invest igat ions undertaken over the past 30 years at 

radioact ive waste disposal s i tes located 1n Helton Valley have 

resulted 1n a large data base of geochemlcaI, H t h o l o g l c a l , and 

s t ruc tura l propert ies for Conasauga Group strata (see Stockdale 1951; 

Barnett 1954; Cowser 1958; deLaguna et a l . 1958; Carro l l 1961; Cowser, 

Lomenlck, and McMaster 1961; deLaguna 1961; Struxness 1962; 

McMaster 1963; Lomenlck and Wyrlck 1965; McMaster and Mailer 1965; 

deLaguna et a l . 1968; Weeren et a l . 1974; Duguld 1975; Webster n? , . t 

Krummhansl 1979a and 1979b; Haase and Vaughan 1981; Sledz and 

Huff 1981; Vaughan et a l . 1982; Haase 1982, 1983, and 1n press; Davis 

et a l . 1984; and Rothschild et a l . 1984). The s i te-speci f1c nature of 

most of these Invest igat ions, however, severely l i m i t s the areal 

extent of the Conasauga Group data base and makes cor re la t ion of the 

bedrock geology between s i tes d i f f i c u l t . Furthermore, 1t has proved 

d i f f i c u l t to synthesize a reservation-wide geological summary of the 

strat igraphy and l i tho logy of Conasauga Group s t ra ta despite the large 

number of data avai lable for any one par t i cu la r l o c a l i t y w i th in the 

reservat ion. 

The d r i l l i n g project described 1n th i s report was undertaken to 

obtain the data necessary t o determine the strat igraphy of the 

Conasauga Group on the Copper Creek f a u l t block on the U. S. 

Department of Energy (DOE) Oak Ridge Reservation. In the Oak Ridge 

National Laboratory (ORNL) v i c i n i t y , Conasauga Group sediments on t h i s 
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f au l t block underl ie past and current radioact ive waste storage and 

disposal f a c i l i t i e s located 1n Helton Val ley. L l tho log lc and 

geophysical data from th i s study provide a reference s t ra t igraphic 

section to aid 1n the unambiguous In terpre ta t ion of s i t e geology at 

the various Melton Valley f a c i l i t i e s . 

1.2 PURPOSE 

The purpose of th is report 1s to present s t ra t i g raph ic , l l t h o l o g l c , 

s t r uc tu ra l , and geophysical data obtained from a s t ra t ig raph ic test 

borehole d r i l l e d to a depth of 828.45 m. I t Is a prel iminary summary 

of the d r i l l i n g project and contains raw data, such as s t ra t igraphic 

logs and l l t ho log l c descr ip t ions, based on I n i t i a l study of the d r i l l 

core and the borehole geophysical logs. Data presented 1n th is 

repor t , and those contained In a companion report (Haase 1985) 

summarize subsurface data on the Conasauga Group obtained during a 

4-year study of dr 111 core and geophysical loys obtained from numerous 

boreholes on the DOE Oak Ridge Reservation. Regional analysis of the 

data contained 1n these reports 1s presented elsewhere (Hasson and 

Haase 1985). 

1.3 LOCATION 

ORNL Is part of the DOE Oak Ridge Reservation (F1g. 1) . The 

locat ion of the borehole 1s ~5 km southwest of the ORNL plant s i t e 

(F1g. 2) and ~15 km southwest of the c i t y of Oak Ridge. The 

borehole was col lared on the crest of Copper Ridge at an elevat ion of 

~315.5 m above mean sea l eve l . 



ORNL-DWG 67-7601R 

VALLEY AND RIDGE 
PROVINCE 

ROANE ANDERSO 
COUNTY \ COUNTS 

ANDERSON 
COUNTY 

OAK 
RIDGE 

F1g. 1. Location map fo r DOE Oak Ridge Reservation In east Tennessee. 
Valley and Ridge Province and c i t y of Oak Ridge are w i th in hatched 
areas. Study area I l l u s t r a t e d In greater d e t a i l 1n Fig. 2. 
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Phys1ograph1cally, the d r i l l s i t e Is located on the northwestern 

margin of the Valley and Ridge Province of the Appalachian Mountains. 

I t 1s s i tuated on the northwest leading edge of a f a u l t block formed 

by the regional ly persistent Copper Creek f au l t (F1gs. 1 and 2) . 

2. GEOLOGICAL SETTING 

2.1 STRATIGRAPHY 

The bedrock strat igraphy on the DOE Oak Ridge Reservation consists 

of Cambrian through Ordov1c1an age sediments. From oldest to youngest 

the s t ra t ig raph ic uni ts are the c las t i c Early Cambrian Rome Formation, 

the mixed c las t i c and carbonate Middle and Late Cambrian Conasauga 

Group, the carbonate Late Cambrian and Early 0rdov1c1an Knox Group, 

and the mixed carbonate and c las t i c Middle 0rdov1c1an Chlckamauga 

Group (Stockdale 1951; McMaster 1963). The s t ra t ig raph ic uni ts crop 

out In a series of southwest- to northeast-trending l inear bel ts (see 

F1g. 2) that are the resul t of f a u l t motion along the Copper Creek and 

Whlteoak Mountain thrust f a u l t s . Strata w i th in such bel ts are 

s t ra t l g raph l ca l l y r1ght-s1de up and have dips to the southeast. 

In the study area, the Rome Formation crops out at Haw Ridge, the 

Cambrian Conasauga Group underlies Melton Val ley, and the Knox Group 

crops out along Copper Ridge. The borehole was col lared 1n the basal 

par t of the Knox Group. Because of the southeast d ip of the s t ra ta , 

Chlckamauga Group s t ra ta of the Copper Creek f a u l t block were not 

In tersected by the borehole. S t ra t lg raph lca l l y older uni ts were 

encountered progressively fu r ther downhole as d r i l l i n g proceeded u n t i l 
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Fig. 2. 6eo1og1cal nap of the 0*k Ridge National Laboratory v ic in i ty . 
I l lustrat ing the Copper Creek and UMteoak Mountain fault blocks (after 
HeMaster, 1963). Location of ORNL-JOY No. 2 Is below and right of 
cross-hatch area CC2. Thrust fault traces are denoted by heavy black 
lines with teeth on upper plate. Outcrop belts of Conasauga Group 
sedlnents are represented by hatching. General strike of sedlnents Is 
northeast with dip to the southeast, as Il lustrated by syabols. 
Geological data froa cross-hatched areas discussed by Haase (1985). 
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the base of the Copper Creek f au l t block was encountered. The base of 

the f a u l t block 1s a tectonic contact that occurs w i th in the Copper 

Creek f au l t zone. Below th i s contact, Chlckamauga Group sediments 

contained of the Whlteoak Mountain f au l t block were encountered. 

2.2 STRUCTURE 

Thrust f au l t i ng In the Valley and Ridge Province has moved upward 

1n the s t ra t ig raph ic section In a northwestward d i rec t i on thereby 

moving older s t rata on top of younger s t ra ta . Such th rus t f au l t i ng is 

part of a major decollement of the the Southern Appalachian 

th1n-sk1nned orogenlc thrust be l t (Roeder, G i l be r t , and 

Wltherspoon 1978). In the general v i c i n i t y of the OOE Oak Ridge 

Reservation, such f a u l t i n g has resulted In the Lower Cambrian Rome 

Formation being juxtaposed on top of the Middle Ordovlclan Chlckamauga 

Group. Regional s t r i ke of s t ra ta 1n th i s por t ion of the Valley and 

Ridge Province 1s N50° to 60°E, and the dip of rocks at the 

surface 1s 45° to 55° to the southeast <0ss1 1979). At depth, the 

dip decreases to nearly hor izonta l , and the thrust fau l t s become 

nearly hor izontal 1n the subsurface to form essent ia l l y 

bedding-paral le l f au l t s (Roeder, G i l be r t , and Wltherspoon 1978). 

Horizontal displacement along the major f a u l t can be as great as 50 to 

100 km (Roeder and Gi lber t 1978). 

The reg iona l ly persistent Copper Creek f a u l t dominates the geology 

of the study s i t e . The a t t i t ude of the Copper Creek f a u l t Is 

general ly p a r a l l e l to the s t r i ke of the Conasauga Group, which 1s 

N55°E; the d ip Is 5° to 15° SE. Such d ip values are somewhat 
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less than are t y p i c a l l y observed elsewhere 1n the Oak Ridge v i c i n i t y 

and may re f l e c t complicated subsurface st ructure along the Copper 

Crjek f a u l t (Roeder, G i l be r t , and Wltherspoon 1978). 

Late Paleozoic tectonic a c t i v i t y that produced the thrus t f au l t s 

also produced numerous deformatlonal structures w i t h i n the I n te r i o r s 

of the f au l t blocks (Roeder. Yust, and L i t t l e 1978). Within the 

Copper Creek f au l t block 1n the study area, several generations of 

small amplitude folds and fau l t s are recognized (Ossl 1979; 

Sledz 1980). Furthermore, the s t ra ta are pervasively Jointed. As 

many as four d i s t i n c t Jo in t sets can be recognized 1n the v i c i n i t y of 

the study area that are related to major and minor tectonic structures 

developed w i th in the Copper Creek f a u l t block (Sledz and Huff 1981). 

2.3 REGIONAL GEOLOGIC HISTORY 

Early Cambrian to Middle Grdov1c1an s t ra ta 1n the Valley and Ridge 

Province of east Tennessee record a h is tory of sedimentation on a 

shallow shelf bordered by a craton to the west and a shelf-margin 

carbonate bank to the east (Harr is and M111c1 1977; 

Markello and Read 1981; Hasson and Haase 1982). The Rome Formation 

was deposited In the shallow carbonate bank of the Lower Cambrian 

Shady Dolomite. Clast ic mater ial for the p e r l t l d a l deposl t lonal 

environment of the Rome formation was supplied from the craton to the 

west (Samraan 1975). The craton-marglnal p e r l t l d a l environments of the 

Rome Formation were succeeded by a shallow marine shelf environment 

characterized by an In t rashe l f basin and shelf-marginal carbonate ramp 

(Narkel lo and Read 1981; Hasson and Haase 1985). The Conasauga Group 
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was deposited 1n such a se t t ing . By the Late Cambrian, the In t rashel f 

basin and shallow shelf environment were replaced by a p e r l t l d a l 

carbonate bank environment I n i t i a t e d by the westward transgression of 

the self-marginal carbonate bank environment. I n i t i a t i o n of the 

carbonate-dominated deposlt lonal environment produced the Knox Group 

1n Late Cambrian to Early Ordovlclan time. 

3. DRILLING AND GEOPHYSICAL LOGGING OPERATIONS 

3.1 CONTRACTORS 

Diamond core d r i l l i n g operations were conducted by the Contract 

D r i l l i n g 01v1s1on of Joy Manufacturing Company, Inc (Joy) . Personnel 

and equipment were assigned from Joy's Jefferson C i t y , Tennessee, 

o f f i c e : d r i l l i n g operations at the s i te were supervised by P. H. 

Pol lard. 

Geophysical logs of the completed borehole were obtained by the 

Borehole Geophysics Group of the Water Resources 01 v is ion , U. S. 

Geological Survey (USGS), Denver, Colorado Logging was conducted 

under the d i rec t i on of W. S. Keys. 

3.2 SUMMARY OF DRILLING OPERATIONS 

Drilling of ORNL-Joy No. 2 began on August 26, 1982, and was 
completed at a total depth of 828.45 m (2718 ft*) on December 15, 
1982. The borehole was collared In overburden developed on the Copper 
Ridge Dolomite of the Knox 6roup. Orllllng began with a 15.88-cm 
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( 0 .55 - f t ) t r lcone rock b i t and proceeded to a depth of 17.68 m (58 f t ) 

where bedrock was encountered. A 10.16-cm ( 0 . 3 3 - f t ) Inside diameter 

f lush Jo in t casing wi th a d r l l l a b l e set shoe was Ins ta l l ed . This 

casing was d r i l l e d ~ 0.31 m (1.0 f t ) i n to the top of the bedrock and 

was grouted 1n place to serve as a surface casing. Core d r i l l i n g 

began at a depth of 17.68 m (58 f t ) wi th NC-s1ze too ls , which gave a 

rock core diameter of 6.10 cm (0.2 f t ) and a nominal borehole diameter 

of 9.40 cm (0.30 f t ) . Core d r i l l i n g continued to the f i n a l t o t a l 

depth of 828.45 m (2718 f t ) . Core recovery, calculated over the 

en t i re cored In te rva l , was better than 99 %. Return of d r i l l i n g water 

was los t below a depth of ~ 18.29 m (60 f t ) and i is never regained 

throughout the en t i re d r i l l i n g operation. The borehole was l e f t open 

(uncased) for the 17.68- to 828.45-m (58- to 2718-f t ) I n te rva l . 

Borehole deviat ion at ta ined a maximum value of 10° from ve r t i ca l 

to the northwest during the course of the d r i l l i n g (Table 1) . For the 

In terva l from 17.68 to 274.32 m (58 to 900 f t ) , the borehole was 

nearly v e r t i c a l , reaching a maximum deviat ion of 3° at a depth 

of269.75 m (885 f t ) . Borehole deviat ion Increased from 3 to 8° from 

v e r t i c a l w i th in the In terva l 269.75 to 394.72 m (885 to 1295 f t ) . 

This In terva l of the borehole Includes a s t r uc tu ra l l y complex zone 

w i th in the uppermost Haryv l l le Limestone that 1s thought to be 

responsible for most of the Increase In deviat ion. Below 394.72 m 

(1295 f t ) , the borehole maintained an essent ia l ly constant deviat ion 

value of 10° to the northwest (Table 1) . 

* To f a c i l i t a t e reference to d r i l l i n g records, f i e l d notes, and 
spec i f ic Intervals of d r i l l core as stored 1n the Core Storage 
F a c i l i t y (ORNL Bui ld ing 7042), speci f ic borehole depths or In terva ls 
are also given 1n English System uni ts of f ee t . 
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TABLE 1. Borehole Deviation Data for ORNL-JOY No. 2 

Date OeDth fm ( f t ) l Azimuth Incl1nat1ona 

8/30/83 26.82 (88) N26°W 89 
9/02/83 153.92 (505) N09°W 89 
9/08/83 269.75 (885) N13°W 87 
9/13/83 358.14 (1175) N44°W 84 
9/16/83 394.72 (1295) N41°W 81 
9/22/83 516.03 (1693) N43°W 80 
9/29/83 611.12 (2005) N17°W 80 

10/11/83 668.12 ,?192) N43°W 80 
11/10/83 731.52 (,'400) N33°W 80 

a Inc l i na t ion angle 1s measured wi th respect to hor izonta l ; a 
ve r t i ca l borehole would have an Inc l i na t i on of 90°. 

\ 
\ 
\ 

\ 
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Core d r i l l i n g proceeded without serious problem throughout the 

en t i re Conasauga Group In terva l to a depth of 616.00 m (2021 f t ) . 

This depth was reached on September 29, 1982, and up to th i s t ime, 

d r i l l i n g progress had averaged 8.84 m (29 f t ) per 8-h s h i f t . The 

depth of 616.0 m (2021 f t ) was the point, where the Rome Formation was 

encountered and was marked oy a s ign i f i can t l l t h o l o g l c change. A 

massive and h a r d - t o - d r l l l sandstone was encountered that slowed 

progress to 2.44 m (8 f t ) per 8-h s h i f t for the period October 1 -

29, 1982. At th i s date, a depth of 737.92 m (2421 f t ) had been 

reached, and another l l t ho log l c change was encountered that fu r ther 

complicated d r i l l i n g operations. The In tens i ty and degree of 

deformation of the s t ra ta being d r i l l e d Increased sharply. Selow the 

737.92 m (2421 f t ) depth, because of the Increased deformation, 

bedding was t y p i c a l l y p a r a l l e l , or at very shallow angles, to the 

d i rec t ion of d r i l l i n g . Furthermore, many 0.31- to l.52-m-th1ck (1- to 

5 - f t ) horizons encountered below 797.92 m (2421 f t ) were shattered and 

brecclated. Such a s i t ua t i on , coupled wi th problems caused by 

I n e f f i c i e n t removal of cut t ings because of a lack of return 

c i r cu la t i on of the d r i l l i n g f l u i d , slowed the rate of progress to 

1.22 m (4 f t ) per 8-h s h i f t for the remaining period of d r i l l i n g 

(November 1 - December 15, 1982). 

At the completion of d r i l l i n g on December 15, 1982, Joy personnel 

removed the d r i l l stem but l e f t 1t and the d r i l l r i g on s i t e . This 

was done 1n the event that the equipment would be needed to ass is t 1n 

c lear ing the borehole for the geophysical logging a c t i v i t i e s . 
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3.3 SUMMARY OF GEOPHYSICAL LOGGING OPERATIONS 

Geophysical logging of the ^arehole was begun by the USGS on 

January 13, 1983. Temperature and cal iper logs were I n i t i a l l y 

obtained for the 17.68- to 821.74-m (58- and 2696-f t) I n te rva l . These 

results suggested that ~ 6.10 m (20 f t ) of the borehole was lost 

because of problems wi th removal of cu t t ings. The ca l iper logging 

tool caused unstable port ions of the borehole to col lapse, however, 

and resulted 1n the borehole's being blocked below a depth of 566.93 m 

(1860 f t ) . Personnel from Joy were cal led back to the s i te to attempt 

to reopen the borehole and to f lush debris from 1t . Further attempts 

at logging were suspended u n t i l the borehole c lear ing and 

s tab i l i za t i on could be attempted. 

On January 19, 1983, logging resumed. Af ter several unsuccessful 

attempts by Joy to clear and s tab i l i ze the borehole, 1t was decided to 

leave, temporar i ly, 731.52 m (2400 f t ) of d r i l l stem In place so that 

logging could be attempted from Inside. In th is fashion, gamma-ray 

and neutron logs were obtained for the In terva l from 17.68 to 731.52 m 

(58 to 2400 f t ) . Gamma-ray spectral logs were obtained for selected 

shale/mudstone Intervals 1n the lowermost Maynardvll le Limestone 

[141.73 m/(465 f t ) ] ; the Nollchucky Shale [274.31 m/(900 f t ) ] ; the 

Maryv l l le Limestone [317.91 m/(1043 f t ) , 327.36 m/(1074 f t ) , and 

403.56 m/(1324 f t ) ] ; the Pumpkin Valley Shale [545.59 m/(1790 f t ) and 

58b./4 m/(1925 f t ) ] ; and the uppermost Rome Formation 

[624.23 m/(2048 f t ) ] . Af ter these logs were obtained, d r i l l i n g mud 

was c i r cu la ted 1n the borehole In a f i n a l attempt to s tab i l i ze the 

wal ls before the d r i l l stem was f i n a l l y removed. 
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Because of scheduling problems, fur ther logging was delayed u n t i l 

February 12, 1983. At t h i s time acoustic ve loc i t y and waveform logs 

were successfully obtained for the In terva l from 17.68 to 601.98 m (58 

to 1975 f t ) , and an acoustic televiewer log was obtained for the 

In terva l from 17.68 to 304.80 m (58 to 1000 f t ) . Attempts to obtain 

any e lec t r i c logs, such as SF and r e s i s t i v i t y logs, were unsuccessful 

because of Interferences w i th in the logg.ng tools from signals of 

unknown o r i g i n . Logging was completed on February 14, 1983. 

4. STRATIGRAPHIC DATA 

4.1 INTRODUCTION 

The lowermost por t ion of the Copper Creek f a u l t block at the d r i l l 

s i t e consists of the Knox Group, the Conasauga Group, and the Rome 

Formation. The Conasauga Group 1s a complex mixture of carbonate and 

c las t i c 11tholog1es. I t 1s t rans i t i ona l between the Rome Formation 

which 1s essent ia l ly carbonate-free, and the Knox Group, which 1s 

domlnantly c las t1c- f ree . The statlgraphy and Hthology of the 

formations wi th in the lowermost port ion of the Copper Creek f a u l t 

block are summarized 1n Fig. 3 and In the Appendix. 

4.2 THE KNOX GROUP 

Within the Oak Ridge v i c i n i t y , the Knox Group 1s 600 to 900 m th ick 

and consists mainly of dolostone wi th some Interbedded limestone and 

lesser amounts of sandstone (M1l1c1 1973). Five or s ix (M1l1c1 1973) 
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F1g. 3. Borehole geophysical logs and generalized l l thologlc log for 
ORNL-JOY No. 2. (a) Caliper log I l lust rat ing borehole diameter. 
Borehole diameter Increases to r ight. Nominal diameter 1s 9.4 cm, and 
maximum deflections to the right represent diameter of 30.5 cm. (b) 
Gamma-ray log I l lus t rat ing naturally occurring gross gamma-ray ac t iv i ty . 
Act iv i ty Increases to r ight , and values on log range between 50 and 250 
Bq. (£) Neutron-ep1thermal neutron log. Scale Increases to the right 
and the count rates on the log i l lustrated range between 50 and 3800 8q. 
The central column represents generalized l l thologlc log I l lus t ra t ing 
bedding character and composition of Conasauga 6roup and Rome Formation. 
Note Copper Creek faul t zone and the Juxtaposition of Rome Formation 
strata on top of Chlckamauga Group. 
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regional ly pers istent formations can be delineated w i th in the Knox 

Group throughout most of east Tennessee. 

At the d r i l l s i t e , the Knox Group 1s composed of massive dolostone 

and subordinate amounts of limestone. LUhologles w i th in the Knox 

Group vary from dark-gray, massive, c r ys ta l l i ne dolostones to 

Ught -gray , chert-poor, t h i n l y bedded to massive dolostones 

(McMaster 1963). Only the basal port ion Copper Ridge Dolomite, which 

1s the lowermost formation of the Knox Group on the DOE Oak Ridge 

Reservation, was Intersected. 

The Copper Ridge Dolomite - Its the Knoxvl l le v i c i n i t y , t h i s 

formation 1s t y p i c a l l y 240 to 300 m th ick (M1l1c1 1973). Within the 

USDOE Oak Ridge Reservation, Copper Ridge Dolomite thicknesses are 

poorly known, but avai lable data from reconnaissance mapping on Copper 

Ridge near the d r i l l s i t e suggest that the formation 1s at least 150 m 

th ick (E. C. Mal ls, unpublished data, 1982) Only the lowermost 

43.59 m of the formation were penetrated by the borehole (Table 2) . 

The Copper Ridge Dolomite 1s composed predominantly of two 

Htho log les 1nters t ra t1 f led to form equally abundant a l te rna t ing 

horizons (F1g. 4 and Appendix). One l i t ho logy 1s a t h i n l y bedded to 

laminated, evenly pa ra l l e l s t r a t i f i e d , dark gray (N6 to N4)* dolostone 
t and m lc r l t e 1 forming 0.5- to 3.0-m-th1ck beds that grade Into 

* Munsell color designations (Goddard et a l . 1948). 

t Carbonate rock nomenclature 1s based on the c l a s s i f i c a t i o n 
system of Dunham (1962) wi th one exception: f1ne-gra1ned carbonates 
are cal led mlcr l tes Instead of mudstones as 1n Dunham's 
nomenclature. In t h i s repor t , mudstone refers to a f ine-gra ined 
c las t i c rock. 
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TABLE 2. Strat igraphic Thicknesses Measured 1n ORNL-JOY No. 2 

Strat1araph1c Unit Th1cknessa Downhole Footage 

[m ( f t ) ] ( f t ) 

Knox Groupb 43.59 (143) 0-143 

Copper Ridge Dolom1teb 43.59 (143) 0-143 
weathered 17.68 (58) 0-58 
unweathered 25.91 (85) 58-143 

Conasauga Group 572.42 (1878) 143-2021 

Maynardvllle Limestone 98.76 (324) 143-467 
Chances Branch member 43.89 (144) 143-287 
Low Hollow member 54.86 (180) 287-467 

Nollchucky Shale 167.95 (551) 467-1018 
Upper Shale member 18.90 (62) 467-529 
Bradley Creek member 9.14 (30) 529-559 
Lower Shale member 139.90 (459) 559-1018 

Maryvl l le Limestone 141.12 (463) 1018-1 81 
upper member 74.98 (246) 1018-1264 
lower member 64.92 (213) 1264-1481 

Rogersvl l le Shale 39.62 (130) 1481-1611 
Craig member 2.74 (9) 1485-1494 

Rutledge Limestone 30.78 (101) 1611-1712 
Pumpkin Valley Shale 94.18 (309) 1712-2021 

upper member 48.46 (159) 1712-1871 
lower member 45.72 (150) 1871-2021 

Rome Formation 188.06 (617) 2021-2638 
upper part 88.09 (289) 2021-2310 
lower part 99.97 (328) 2310-2638 

Copper Creek Fault Zone 46.03 (151) 2561-2712 

Chlckamauga Groupb»c 24.38 (80) 2638-2718 

Moccasin Format1onb 24.38 (80) 2638-2718 

a Formation thickness 1s taken as equivalent to downhole 
thickness. This assumption Is va l id for most of ORNL-JOY No. 2 
because borehole a t t i t u d e was wi th in 10° of perpendicular to 
bedding. The assumption 1s not va l id for h ighly fau l ted Intervals 
of Maryv l l le Limestone *nd Rome Formation. 

b p a r t i a l thickness value from a formation or group that was not 
completely penetrated dur ing d r i l l i n g . 

c Chlckamauga Group s t ra ta occur on Whlteoak Mountain f a u l t block. 
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mottled and d i f f use l y bedded dolostone [F1g. 4 (a ) ] . The other 

Hthology consists of evenly to wavy l en t l cu l a r l y laminated, 

medium-gray (N7 to N6) dolostone that grades Into evenly ribbon-bedded 

dolostone containing a minor amount of shale s t r ingers and l oca l l y 

abundant 0.3- to i .P-m-thlck beds of o o l i t i c and mott led dolostone 

[F1g. 4(fe)]. S ty lo l l t es are common w i th in both Htho log les throughout 

the en t i re Copper Ridge Dolomite sect ion. Oo l i t i c Htho log les occur 

throughout most of the section of Copper Ridge Dolomite examined but 

are absent from a 10-m zone Immediately above the lower contact. 

Chert 1s essent ia l ly absent from the lowermost Copper Ridge Dolomite 

except fo r two 1- to 3-cm-th1ck beds of disseminated nodules that 

occur w i th in the lowermost 10-m zone. 

The lower contact of the Copper Ridge Dolomite w i th the underlying 

Maynardvll le Limestone (the uppermost formation 1n the Conasauga 

Group) 1s gradatlonal over a 4-m-th1ck In te rva l . The contact zone Is 

marked by the appearance of mottled to I r regu la r l y bedded tan to 

l ight-brown (5YR8/", to 5YR4/1) calcarenl te. Within the contact zone, 

ca l c l t e content Increases from essent ia l ly 0 to over 90 percent, while 

the dolomite content decreases rap id ly , although dolomite does not 

disappear a l together. The lowermost Copper Ridge Dolomite does not 

contain large amounts of chert or the massive pe t ro l i fe rous dolostones 

commonly reported from the contact zone elsewhere (Rodgers 1953; 

M1l1c1 1973). Thus, the lower contact of the Copper Ridge Dolomite 1s 

marked p r i nc i pa l l y by an abrupt decrease 1n dolomite content and a 

change 1n s t r a t i f i c a t i o n patterns. 

The Maynardvll le Limestone has somewhat lower gamma-ray a c t i v i t y 

and lower neutron absorp t i v i t y than the lowermost Copper Ridge 
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ORNL-Photo 2711-85 

F1g. 4. L1tholog1es of Copper Ridge Dolomite. Core rows are 0.76 m 
(2.5 f t ) long and s t ra t ig raph ic top Is l e f t , [ a ] (Box 4: 90-97.5 f t ) 
Di f fusely bedded to mottled dolostone (1) and evenly pa ra l l e l laminated 
dolomite m lc r l t e (2 ) . Note s t y l o l l t e s (3) and so lu t ion cav i t ies (4) 
developed along bedding planes, [b ] (Box 8: 124.5-132 f t ) Wavy to evenly 
laminated dolomite m lc r l te (5) Interbedded wi th mottled dolostone (6 ) . 
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Dolomite (F1g. 3) . The gamma-ray and neutron logs exh ib i t broad 

def lect ions w i th in a 5- to 10-m-thlck zone that overlaps wi th the 

contact zone defined by l l t h o l o g l c c r i t e r i a . The baseline of both 

logs exh ib i ts a readi ly recognizable s h i f t that coincides wi th the 

locat ion of the abrupt change from predominantly dolostone l l t ho log les 

to predominantly limestone l l t ho l og les . This suggests that borehole 

geophysical techniques may provide a re l i ab le means of locat ing the 

contact between these two carbonate-rich formations 1n other boreholes 

for which no d r i l l core 1s ava i lab le . 

4.3 THE CONASAUGA GROUP 

The Conasauga Group crops out throughout the Valley and Ridge 

Province In east Tennessee and southwest V i rg i n i a . Within I t s outcrop 

extent , the group undergoes complex l l t ho fac les t rans i t i ons associated 

wi th a change from c las t l cs 1n the west to carbonates In the east 

(Rodgers 1953; Markello and Read 1981, 1982; Hasson and Haase 1985). 

Rodgers has divided the Conasauga Group In to three phases that occur 

1n northeast-southwest trend be l t s . Within the centra l phase, s ix 

formations that represent complex 1nterf1nger1ng of carbonate and 

c las t l cs are I d e n t i f i e d . To the west, 1n the northwestern phase, most 

of the carbonates disappear, and only two formations are recognized. 

To the east , 1n the southeastern phase, the c las t l cs disappear and 

three formations can be I d e n t i f i e d . 

The Conasauga Group at the d r i l l s i t e occurs near the western 

margin of the centra l phase (Hasson and Haase 1985), and s ix 

formations can be recognized (F ig . 3 and Appendix). The Rutledge and 
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Maryv l l l e l imestones, however, are thinner than 1s t yp i ca l fo r the 

cent ra l phase and they contain 30 to 60X c l as t l c s (Hasson and 

Haase 1985). 

The Havnardvl l le Limestone - The Maynardvl l le Limestone 1s 

recognized throughout east Tennessee and occurs w i t h i n a l l three 

phases of the Conasauga Group (Hasson and Haase 1985). At the d r i l l 

s i t e , the Maynardvl l le Limestone 1s 98.76 m th i ck and 1s d i v i s i b l e 

In to two reg iona l l y pers is ten t members: the uppermost Chances Branch 

member that Is 43.89 m th ick and the underlying Low Hollow member that 

1s 54.86 m th ick (see Appendix). The two members have s l i g h t l y 

d i f f e r e n t gamma-ray and neutron log signatures and can be read i l y 

I d e n t i f i e d on such logs (F1g. 3 ) . 

The Chances Branch member consists of medium- to thin-bedded, buf f 

and l i g h t gray (5Y8/1 to N7) dolostones, ribbon-bedded do loml t lc 

ca lca ren l tes , wackestones, and m lc r l t es , and medium-gray (N7 to 6) 

o o l i t i c packstones and gralnstones. The uppermost 20 m of the 

Chances Branch member consists of massive to laminated dolostone and 

I n t r a c l a s t l c doloml t lc ca l c l r ud l t es [F ig . 5 (a ) ] 1nterst rat1f1ed w i th 

I r r e g u l a r l y bedded to mot t led, bloturbated ca lcarenl tes and doloml t lc 

wackestones [F ig . 5 ( b ) ] . Len t l cu la r l y to wavy laminated beds of 

do loml t l c m l c r l t e s , 0.1 to 0.5 m t h i c k , occur throughout the mott led 

wackestones. The lower 24 m of the Chances Branch member consists of 

a l t e r n a t i n g horizons of wavy to evenly ribbon-bedded wackestones 

interbedded w i t h do loml t lc o o l i t i c packstones and gralnstones [F1g. 

5 (£ )J . Subordinate amounts of l e n t l c u l a r l y ribbon-bedded doloml t lc 

m l c r l t e occur In the lowermost por t ion of the Chances Branch member. 
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ORNL-Photo 2711-85 

F1g. 5. Ll thologles of Chances Branch Member of Maynardvll le Limestone. 
Core rows are 0.76 m (2.5 f t ) long and s t ra t ig raph ic top 1s l e f t , 
[ a ] (Box 12: 163-168 f t ) Massive to d i f f use l y laminated dolostone (1) and 
dolomlt lc I n t rac las t l c ca l c l r ud l t e (2 ) . [J>] (Box 18: 221-226 f t ) Mottled 
dolomlt lc calcarenl te wackestone. [ c ] (Box 19: 231-238.5 f t ) Wavy 
ribbon-bedded dolomlt lc m lc r l t e (3) and wavy bedded dolomlt lc o o l i t i c 
packstone (4 ) . 



Wavy to evenly ribbon-bedded calcarenl te and mlc r l te a l te rna t ing 

wi th o o l i t i c packstones and gralnstones are the pr inc ipa l l l t ho log les 

1n the Low Hollow member (see Appendix). Throughout much of the 

member, carbonates have a d i s t i n c t i v e pet ro l i fe rous odor when f reshly 

broken. Wavy ribbon-bedded and mottled dolomlt lc calcarenltes and 

mlcr l tes [F1g. 6(a) ] are most abundant 1n the upper port ions of the 

member. Ooli tes become more common lower 1n the member, whi le wavy 

ribbon-bedded o o l i t i c and pe l lo lda l gralnstones are more abundant 1n 

the bottom 35 m of the member [F ig . 6 (b ) ] . 

The contact of the Maynardvll le Limestone wi th the Nollchucky Shale 

Is gradatlonal over a 4.5-m-thlck In te rva l . Within t h i s I n te rva l , the 

Low Hollow member contains 0.1- to 0.3-m-th1ck beds of massive to 

t h i n l y laminated calcareous mudstone (N4 to N2) Interbedded wi th 

wackestones and m lc r l t e . The abundance of such shale-r ich l l t ho log les 

Increases gradually downward through the In te rva l , and at the contact, 

shale accounts for 40 to 60% of the Maynardvllle Limestone. Within 

the contact In te rva l , gamma-ray and neutron logs (F1g. 3) exh ib i t 

pronounced sh i f t s consistent wi th an Increase In mudstone content. 

Gamma-ray energy spectrum measurements w i th in a mudstone bed at 

141.73 m (465 f t ) downhole suggest that the major i ty of gamma-ray 

a c t i v i t y 1n the mudstone w i th in the lowermost Maynardvll le 1s caused 

by na tu ra l l y occurring 

The Mollchuckv Shale - Throughout east Tennessee and southwestern 
Virginia, the Nollchucky Shale can be divided Into Upper Shale, 
Bradley Creek, and Lower Shale members (Harkello and Read 1981; Hasson 
and Haase 1985). Typically, the Bradley Creek member occurs toward 
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ORNL-Photo 2711-85 

Fig. 6. Ll thologles of Low Hollow Member of Maynardvll le Limestone. 
Core rows are 0.76 m (2.5 f t ) long and s t ra t ig raph ic top 1s l e f t , 
[a ] (Box 33: 365-370 f t ) Wavy to l e n t l c u l a r l y ribbon-bedded o o l i t i c 
calcarenl te and m lc r l t e . [b ] (Box 39: 416-423.5 f t ) A l te rnat ing horizons 
of ribbon-bedded dolomlt lc calcarenl te (1 ) , massive o o l i t i c and pe l l o lda l 
packstone and gralnstone (2 ) , and wavy to l e n t l c u l a r l y bedded dolomlt lc 
m lc r l t e (3 ) . 
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the middle of the Nollchucky Shale, and the Upper and Lower Shale 

members are of s imi lar thickness. At the study l o c a l i t y , however, the 

Bradley Creek Member occurs 1n the uppermost In terva l of the 

Nollchucky Shale and the Upper Shale member 1s only 18.90 m t h i c k . 

The Bradley Creek member 1s 9.14 m th i ck , the Lower Shale member 1s 

139.9 m t h i c k , g iv ing a complete Nollchucky Shale thickness of 

167.95 m (F1g. 3) . 

The Upper Shale member consists of 1nterstrat1f1ed calcareous 

mudstone and limestone l l t ho log les (see Appendix). The mudstones (N4 

to N2, l oca l l y 5YR2/1) are wavy to evenly s t r a t i f i e d and th i ck l y 

laminated. Interbedded throughout the mudstones of the Upper Shale 

member are 1- to 7-cm-thlck s l l t s tone beds wi th upward-fining graded 

bedding [F1g. 7 (a ) ] . The limestones (N8 to N7) are wavy ribbon-bedded 

to laminated m lc r l tes , o o l i t i c foss lHferous wackestones and 

packstones [F1g. 7 (a ) ] . 

The Bradley Creek Member consists predominantly of l e n t l c u l a r l y to 

I r regu la r l y s t r a t i f i e d a lgal wackestones and packstones (N7 to N4) 

wi th 1nters t ra t1 f led mlcr l tes and o o l i t i c gralnstones [F1g. 7 (b ) ] . 

Regionally, the Bradley Creek contains abundant bloherms composed of 

Renalcls a lgal remains (Markello and Read 1981). Structures very 

s imi la r to those described by Markello and Read for s t ra t l g raph l ca l l y 

equivalent limestones In southwestern V i rg in ia are noted w i th in the 

Bradley Creek member at the study s i t e . Interbedded wi th the a lgal 

limestones are wavy to l e n t i c u l a r , dlscontlnuously s t r a t i f i e d shaly 

m l c r l t e s , i n t r a c l a s t l c and o o l i t i c wackestones and calcareous 

mudstones [F1g. 7 ( c ) ] . Abundances of such l l t ho log les are highly 

var iab le but general ly Increase to 30 to 50% toward the base of the 
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F1g. 7. Ll thologles of Upper Shale and Bradley Creek members of 
Nollchucky Shale. Core rows are 0.76 m (2.5 f t ) long and 
s t ra t ig raph ic top 1s l e f t , [a ] (Box 49: 509-516.5 f t ) Laminated 
calcareous mudstone (1 ) , wavy ribbon-bedded shaly calcarenl te and 
dolomlt lc wackestone (2 ) , and o o l i t i c and foss111ferous packstone (3) 
typ ica l of the Upper Shale member, [ b ] (Box 52: 537-542 f t ) Massive 
crenulated o o l i t i c a lgal packstone from top of Bradley Creek member, 
[ c ] (Box 53: 551-556 f t ) Dolomltlc o o l i t i c pe l lo lda l gralnstone (4) 
Interbedded wi th m lc r l te (5) typ ica l of lowermost Bradley Creek 
member. Horizontal l ines are scratches caused by core catcher during 
d r i l l i n g . 
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Bradley Creek member. The bottom of the Bradley Creek member 1s 

marked by 2 m of wavy to evenly bedded o o l i t i c and pe l lo lda l packstone 

wi th t h in f l a s e r l l k e st r ingers of dolomlt lc m lc r l t e [F1g. 7 (£ ) ] . 

The Lower Shale member consists of numerous repeated cycles of 

shale and limestone. The complex Interbedded nature of the member 1s 

re f lected 1n the highly modulated gamma-ray and neutron geophysical 

logs (F1g. 3) . L1mestone-r1ch l l t ho log les compose 20 to 40% of the 

member (see Appendix) wi th the remainder composed of calcareous 

mudstones and shales. Such mudstones are t y p i c a l l y red-brown to 

maroon or red-gray 1n color (N6 to N4 or 5YR4/1 to 5YR3/2). The 

mudstones are massively to t h i n l y laminated [F1g. 8 (a ) ] and t y p i c a l l y 

are Interbedded wi th 1- to 5-cm-th1ck upward-fining calcareous 

s l l t s tone beds. Such l l t ho log les have wavy to evenly para l le l s t rata 

typ ica l of mlcrohummocky cross s t r a t i f i c a t i o n (see Oott and 

Bourgeois 1982). 

Mudstone-r1ch In terva ls at the top and the bottom of the Lower 

Shale member define mudstone baselines on neutron and geophysical 

logs. Such baselines are defined as the l i ne that can be drawn 

through the leftward-most posi t ions of the neutron log trace and the 

r1ghtward-most posit ions of the gamma-ray log traces. Oeflections to 

the r i gh t or l e f t on the respective logs are a general Ind icat ion of 

the occurrence of nonmudstone l l t ho log les , such as carbonates or 

s l l tsones and sandstones, Interbedded wi th or 1n place of mudstones. 

The mudstone baseline on the neutron log for the en t i re Nollchucky 

Shale f a l l s a t approximately the same pos i t ion as the baseline for 

other mudstone-rlch formations In lower port ions of the Conasauga 

Group. Gamma-ray spectra l analyses from red-brown and gray mudstone 
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F1g. 8. Ll thologles of Lower Shale member of the Nollchucky Shale. 
Core rows are 0.76 m (2.5 f t ) long and s t ra t ig raph ic top Is l e f t . 
[ a ] (Box 84: 840.5-843 f t ) Massive to laminated mudstone (1) wi th wavy 
to evenly c ross - s t r a t l f l ed calcareous s l l t s tone ( 2 ) . 
[ b ] (Box 69: 696-698.5 f t ) Upward-coarsening s t r a t i f i c a t i o n cycle 
consist ing o f , from bottom to top: wavy current-r lpple-bedded s l l t y 
calcarenl te (3 ) , evenly bedded calcarenl te ( 4 ) , massively bedded 
dolomlt lc o o l i t i c packstone (5 ) , and I n t r a c l a s t l c , o o l i t i c , pe l l o lda l 
packstone or gralnstone (6 ) . [ c ] (Box 83: 833.5-836 f t ) 
Upward-coarsening cycle without topmost In t rac las t -bear lng packstone 
or gralnstone. [ d ] (Box 92: 912-914.5 f t ) I n t r a c l a s t l c o o l i t e 
wackestone w i th abundant glauconlte pe l le ts (7) Interbedded w l i 
massive mudstone. [ £ ] (Box 73: 737-744.5 f t ) Incomplete 
upward-coarsening cycle missing lowermost ca lcarenl te In terva l (8) and 
series of amalgamated cycles (9 ) . [ f ] (Box 56: 581-583.5 f t ) 
Lent icu lar t o nodular m lc r l t e and wavy bedded and burrowed ca lcarenl te 
Interbedded wi th mudstone. 



l l t ho log les w i th in the Lower Shale member Indicate that na tura l ly 

occurring 1s responsible for most of the gamma-ray a c t i v i t y 

observed w i th in the mudstones. 

Carbonates 1n the Lower Shale member are s l l t y ca lcarenl tes, 

o o l i t i c packstones, foss111ferous pe l lo lda l wackestones and 

packston"s, and 1ntraclast1c packstones and conglomerates. Carbonates 

w i th in the Nollchucky Shale are associated wi th d i s t i n c t i v e 0.2- to 

1-m upward-coarsening cycles. Such cycles [F1gs. 8(b) and ( c ) ] begin 

wi th calcareous mudstone that 1s covered 'n turn by (1) evenly 

pa ra l l e l s t r a t i f i e d , t h i n l y bedded calcarenl te and calcareous 

s l l t s t o n e ; (2) wavy to l e n t l c u l a r l y bedded calcarenl te and wackestone; 

(3) evenly to wavy bedded o o l i t i c packstone or gralnstone that 

t y p i c a l l y contains abundant glauconlte pe l le ts and t r l l o b l t e 

fragments, and (4) a cap of H t h o l o g l c a l l y d i s t i n c t i v e " f l a t pebble" 

1ntradast1c and o o l i t i c gralnstone or packstone [F1g. 8 (b ) ] . In many 

examples, however, th is conglomerate Hthology 1s absent and the cycle 

1s capped wi th the oold-bearlng material [F ig . 8(c.)]. There 1s much 

v a r i a b i l i t y w i th in the upward-coarsening cycles; one or more of the 

l l t ho log les may be absent from a par t i cu la r occurrence or several 

cycles may be aggraded [F igs. 8(d) and ( e ) ] . At the top and bottom of 

the Lower Shale member, 0.2- to 1.0-m beds of wavy ribbon-bedded to 

nodular m lc r l t e to wackestone are Interbedded wi th mudstone [F ig . 

8 ( f ) ] and appear to be replace, 1n par t , the upward-coarsening 

limestone l l t ho l og les . 

The d i s t r i b u t i o n of the 11mestone-bear1ng units throughout the 

Lower Shale member 1s qui te uniform (see Appendix) w i th in the upper 

two- th i rds of the member. For t h i s In te rva l , carbonate l l t ho log les 



t yp i ca l l y compose 30 to 60% of the formation, and th is abundance of 

carbonates causes a pronounced def lec t ion of the neutron log to the 

r igh t of the mudstone baseline (F1g. 3 ) . Carbonate abundance 

decreases 1n the lower one-third of the member, where the limestone 

cycles are thinner and occur less f requent ly . Such a decrease 1s 

ref lected by a pronounced leftward def lec t ion on the neutron log 

toward the botton of the Nollchucky Shale (Fig. 3) . 

The lower contact of the Nollchucky Shale 1s a gradatlonal zone 

marked by an Increasing carbonate content over the lowermost 10 m of 

the Nollchucky Shale. This in terva l contains calcarenltes and 

foss l l l f e rous wackestones and packstones Interbedded wi th calcareous 

mudstones and shales. The mudstone content of th i s lowermost In te rva l 

decreases gradually and at the lower contact drops to 10 to 20%. 

Intraformat lonal c lasts and f l a t pebble conglomerates, though present, 

are rare 1n th is In te rva l . The bottom of th i s In terva l Is marked by 

an abrupt Increase 1n the In t rac las t content of the limestones and the 

v i r t u a l disappearance of mudstones. The lower contact of the 

Nollchucky Shale 1s placed at th is l l t ho log l c t rans i t i on that 1s 

marked by an abrupt step 1n the rlghtward and lef tward def lect ions 

observed on neutron and gamma-ray logs (F1g. 3) . 

The Maryvl l le Limestone - The Maryvl l le Limestone 1s not 

subdivided Into members throughout most of east Tennessee 

(Rodgers 1953; Hasson and Haase 19B5). Within the Oak Ridge v i c i n i t y , 

however, the formation contains rapid 11thofac1es changes (Hasson and 

Haase 1985), and I t can be divided Informal ly In to an upper and lower 

member. The Maryv l l le Limestone at the d r i l l s i t e 1s 141.12 m t h i c k ; 

the upper part 1s 74.98 m and the lower part 1s 64.92 m. 
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Although borehole I nc l i na t i on ef fects and general formation dip 

have been taken Into account, the 141.12-m-th1ckness value Is larger 

than the true s t ra t ig raph ic thickness (see Table 2) because of the 

occurrence of several severely deformed Intervals w i th in the Maryv l l le 

Limestone. Based on attempts to straighten out the deformed 

In te rva ls , 1t 1s estimated that the t rue thickness of the Maryv l l le 

Limestone 1s w i th in 10 to 20% of the 141.12-m value. 

The upper member of the Maryvl l le Limestone 1s characterized by 

d i s t i n c t i v e " f l a t pebble" conglomerates [ I n t r a c l a s t l c and loca l l y 

o o l i t i c packstones, F1gs. 9(a) and ( b ) l . Such l l t ho log les occur 

elsewhere 1n the Conasauga Group but not as abundantly as noted 1n the 

upper part of the Maryv l l le Limestone. Interbedded wi th the " f l a t 

pebble" conglomerates are subordinate amounts of calcareous mudstones 

(N7 to N5), wavy to l e n t l c u l a r l y s t r a t i f i e d nodular m lc r l te and 

dolomlt lc wackestones [F1g. 9 ( c ) ] , wavy to l en t l cuar l y bedded 

ca lcaren l te , and foss111ferous pe l lo lda l packstone [F1gs. 9(b) and 

( c ) ] . Calcarenlte and packstone occur 1n upward-fining cycles that 

have scoured bases and wavy to even bedding t yp i ca l of mlcrohummocky 

cross s t r a t i f i c a t i o n [F1g. 9 ( c ) ] . 

Within the upper member, conglomerates account fo r over 80% at the 

top of the upper part and decrease 1n abundance toward the bottom of 

the upper part to 40 to 60%. Other l l t h o l o g l e s , especia l ly the 

calcarenl tes and mudstones. Increase correspondingly from the top to 

the bottom of the upper part of the Maryv l l le Limestone (see 

Appendix). With the exception of the Maynardvll le Limestone, the 

upper port ions of the upper member of the Maryv l l le Limestone are the 

most pure carbonate rock 1n the Conasauga Group at the study s i t e . 
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F1g. 9. Ll thologles of upper member of Maryv l l le Limestone. Core 
rows are 0.76 m (2.5 f t ) long and s t ra t ig raph ic top 1s l e f t , [ a ] (Box 
109: 1066-1071 f t ) I n t r ac l as t l c and o o l i t i c gralnstone " f l a t pebble" 
conglomerate (1 ) , wavy to l e n t l c u l a r l y ribbon-bedded calcarenl te and 
pe l l o lda l wackestone (2 ) , and massive calcareous mudstone (3 ) . 
[ b ] (Box 126: 1222-1229.5 f t ) Dolomltlc g laucont l te-bear lng o o l i t i c 
gralnstone (4 ) , I n t rac las t l c gralnstone (5 ) , and mudstone wi th wavy 
bedded upward-fining calcarenl te beds (6 ) . Note c a l c l t e - f l l l e d Joints 
and f rac tures , [ c ] (Box 107: 1047.5-1055 f t ) I n t r ac l as t l c o o l i t i c 
packstones and amalgamated upward-coarsening cycles (7) and wavy 
ribbon-bedded calcarenl te and mlc r l te ( 8 ) . 
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Such a high carbonate content resul ts 1n a d i s t i n c t i v e rlghtward bulge 

or hump on the neutron log for t h i s s t ra t ig raph ic In te rva l . The 

rlghtward de f lec t ion of the neutron log diminishes toward the bottom 

of the upper member wi th the trace approaching a mudstone baseline 

s imi lar to that charac ter is t i c of the Nollchucky Shale. This trend Is 

1n response to Increasing amounts of mudstone In the lower por t ion of 

the upper member. A corresponding, but less d i s t i n c t i v e , lef tward 

bulge Is observed on the gamma-ray log for the same In te rva l . 

Superimposed on t h i s bulge 1n the gamma-ray log are three 

l e f t - t o - r 1 g h t osc i l l a t i ons (F1g. 3) . Such osc i l l a t i ons are t y p i c a l l y 

observed on gamma-ray logs for the upper member of the Maryvl l le 

Limestone w i th in the Oak Ridge v i c i n i t y (Haase 1985) and re f l ec t 

Interbedded mudstone-rlch Intervals w i th in the upper member. 

Gamma-ray spectral analysis of two mudstone-rlch In terva ls w i th in the 
40 

upper member indicate that K Is the pr inc ipa l na tura l ly occurr ing 

radionucl ide w i th in mudstones of th is member. 

The lower member of the Maryvl l le Limestone 1s composed of 0.1- to 

0.4-m-thick beds of calcareous mudstones 1nters t ra t1 f led wi th 

pe l lo lda l or o o l i t i c wackestones and packstones, ca lcarenl tes, and 

calcareous s l l ts tones (F1g. 10 and Appendix). The mudstones are 

t h i n l y bedded to t h i ck l y laminated wi th evenly to wavy para l l e l 

s t r a t i f i c a t i o n that loca l l y exh ib i t cur rent - r ipp led structures and 1-

to 3-cm-thlck upward-fining s l l t s t one - r l ch In te rva ls . The limestone 

l l t ho l og l es occur 1n d iscrete 5- to 20-cm-th1ck beds w i th in 

upward-coarsening cycles. Such cycles are s imi lar to those 1n the 

Nollchucky Shale except that the cycles 1n the Maryvl l le Limestone are 

th inner . The upward-coarsening cycles begin wi th calcareous 
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F1g. 10. Ll thologles of lower member of Maryv l l le Limestone. Core 
rows are 0.76 m (2.5 f t ) long and s t ra t ig raph ic top 1s l e f t , 
[a ] (Box 145: 1401-1408.5 f t ) O o l i t i c , I n t r ac l as t l c packstones (1 ) , 
glauconlte-bearlng o o l i t e gralnstone (2 ) , and evenly pa ra l l e l bedded 
calcarenl te and wackestone (3 ) . [b ] (Box 142: 1370-1375 f t ) Evenly 
pa ra l l e l bedded calcareous s l l ts tones and calcarenl te and amalgamated 
upward-fining cylces that produce 0.1 to 0.5 m ribbon-bedded carbonate 
horizons (4 ) . Note bloturbated calcareous mudstones (5 ) . 
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mudstone. The mudstone 1s covered by t h i n l y bedded calcareous 

subarkoslc s l l ts tones and calcarenltes that are evenly to wavy 

cur rent - r ipp led s t r a t i f i e d . Such l l tho log les Include several 

amalgamated upward-fining sequences 1 to 4 cm thick [F1g. 10(a) ] . The 

upward-coarsening cycle 1s capped by massively to t h i n l y bedded, 

evenly to wavy s t r a t i f i e d o o l i t i c or I n t rac las t l c packstone. The top 

of the cycle 1s marked by an abrupt change to calcareous mudstone. 

Glauconlte pe l le ts are common w i th in the o o l i t e and In t rac las t 

packstones 1n the uppermost port ions of many upward-coarsening 

cycles. Hardgrounds, which are t y p i f i e d by planar concentrations of 

glauconlte pe l le ts that exh ib i t pa ra l l e l to s l i g h t l y cross cut t ing 

re lat ionships wi th bedding, are commonly observed w i th in the 

oold-bearlng upper port ions of the upward-coarsening cycles. Such 

hardground structures are s imi la r to those described by Markello and 

Read (1981, 1982) as occurring w i th in carbonates of the Maryv l l le 

Limestone and Nollchucky Shale 1n southwest V i rg in ia . 

The mudstone content of the lower member of the Maryv l l le Limestone 

ranges from 50 to 80% wi th the remainder comprlng carbonate 

l l t ho l og l es . The Increased mudstone content Is re f lec ted by 

r e l a t i v e l y f l a t neutron and gamma-ray logs that are 1n l i ne wi th the 

mudstone baseline previously observed for other port ions of the 

Conasauga Group. 

Within the lower part of the Maryvl l le Limestone, the 

upward-coarsening cycles exh ib i t a large amount of v a r i a b i l i t y . One 

or more of the components of the cycle may be absent; a commonly 

observed va r i a t i on Is the absence of the coarse-grained oo1d-bear1ng 

top of the cyc le . Another commonly observed var ia t ion 1s the 
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amalgamation of two or more upward-fining cycles that l oca l l y produces 

0.1- to 0.5-m-th1ck wavy to evenly ribbon-bedded s l l t y packstone and 

calcarenl te horizons [F1g. 10(fc)]. 

The lowermost 15 m of the Maryvl l le Limestone 1s characterized by 

an Increase In calcareous mudstone content from 30 to 50% of the rock 

to 60 to 80%. L1mestone-r1ch Intervals decrease In thickness and 

frequency over the same In te rva l . Although the contact wi th the 

Rogersvl l le Shale f a l l s w i th in such an In te rva l , marked by a gradual 

Increase 1n shale content, the formatlonal contact I t s e l f 1s d i s t i n c t 

because 1t Is placed at the bottom of the lowermost oold-bearlng 

upward-coarsening cycle. Immediately below th i s limestone 1s a 0.7-

to l.2-m-th1ck bed of massive shale (N6-N4) that contains few 

s i l t s tone laminae, 1s massive to t h i n l y laminated, and 1s qu i te 

d i s t i n c t from the mudstones and shales of the Maryv l l le Limestone. 

This mudstone Is the uppermost port ion of the Rogersvl l le Shale. 

On neutron and gamma-ray logs, the lower contact of the Maryv l l le 

Limestone 1s readi ly def inable as occurring Immediately below the 

lowermost of two sharp spikes that occur toward the bottom of the 

lower member In terva l (F1g. 3) . These spikes are prominent features 

that mark abrupt departures from the baseline pos i t ion of the 

r e l a t i v e l y mudstone-rlch lower member. Such spikes correspond to 

oo1d-bear1ng limestone horizons w i th in the basal Maryv l l le Limestone 

and are recognizable throughout the Oak Ridge v i c i n i t y (Haase 1985). 

Roqersvl l le Shale - The Rogersvl l le Shale at the d r i l l s i t e 1s 

39.62-m t h i c k . Throughout much of east Tennessee, the Craig member, a 

Hmestone-rlch I n te r va l , can be delineated w i t h i n the upper por t ion of 
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the Rogersvl l le Shale (Rodgers 1953; Hasson and Haase 1985). The 

Craig member 1s recognizable at the study s i t e and Is 2.74 m th i ck , 

whi le reg iona l ly , 1t ranges from 0 to 9 m th ick (Hasson and 

Haase 1985). 

L l t ho log l ca l l y , the Rogersvl l le Shale consists of massive to 

laminated noncalcareous mudstones and evenly bedded to wavy 

cur rent - r ipp led calcarenltes and subarkoslc s l l t s tones [F1gs. 11(a) 

and (b ) ; Appendix]. The mudstones range from red-brown (5R4/2-3/3 to 

5YR4/1-2/1) to gray (N6-3) and gray-green (5G4/1-2/1). A d i s t i n c t i v e , 

reddish, massive to t h i n l y bedded, evenly pa ra l l e l s t r a t i f i e d mudstone 

occurs Immediately below the Craig member. This Htho logy , which 1s 

7.92 m th ick at the study s i t e , 1s persistent throughout the Oak Ridge 

Reservation (Haase 1985) and serves as an excel lent s t ra t ig raph ic 

marker fo r the upper Rogersvl l le Shale. Below th i s I n te rva l , the 

remainder of the Rogersvl l le Shale Is composed of Interbedded 

mudstones and subarkoslc s l l t s tones . The mudstones are massively to 

evenly s t r a t i f i e d with wavy to s t ra ight lenses and disseminations of 

s i l t s tone throughout. The subarkoslc s l l ts tones are 1 to 20 cm th ick 

and exh ib i t wavy to evenly pa ra l l e l s t r a t i f i c a t i o n that f requent ly 

contains cross-bedding and current- r ipp led features [F1g. 11(b) ] . 

Most s l l t s t one Intervals have upward-fining graded bedding w i th scour 

surfaces at t he i r bottoms and mud-draped tops. Amalgamation of two or 

more s l l t s t o n e Intervals 1s common. Glauconlte pe l le ts are common In 

s l l t s tones throughout the Rogersvl l le Shale I n te rva l ; l oca l l y 

g lauconl te accounts fo r 10 to 30% of the Indiv idual s l l t s tone 

hor izon. Such glauconlte contents contrast w i th those for s l l ts tones 

In the over ly ing Maryv l l le Limestone where glauconlte Is essent ia l ly 
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F1g. 11. Ll thologles of Rogersvl l le Shale and Craig member. Core rows 
are 0.76 m (2.5 f t ) long and st rat igraphic top 1s l e f t . 
[a ] (Box 153: 1482-1487 f t ) Massive mudstone of uppermost Rogersvl l le 
Shale. High-angle f a u l t trace Is f i l l e d wi th ca l c l t e ( 1 ) . 
[b ] (Box 155: 1495-1500 f t ) Thinly laminated mudstone (2) and wavy, 
parallel-bedded subarkoslc s l l t s tone (3 ) . 
[ c ] (Box 154: 1486-1493.5 f t ) Craig member Is capped by dolomlt lc 
glaucon1t«? bearing o o l i t i c gralnstone (4) and wavy to l e n t l c u l a r l y 
bedded foss111ferous wackestone and s i l t y calcarenl te (5 ) . 
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absent, except for random disseminations 1n s l l t s tones of the 

lowermost por t ion of the formation and for concentatlons associated 

with t runcat ion layers contained w i th in o o l i t i c packstones that cap 

upward-coarsening cycles. 

Carbonates w i th in the Rogersvl l le Shale occur wi th abundance only 

w i th in the Craig member. This member 1s an upward-coarsening cycle 

that begins wi th evenly and wavy bedded calcareous s l l t s tones and 

grades upward to (1) wavy and l e n t l c u l a r l y bedded calcarenl tes and 

s l l t y wackestones; (2) pe l l o lda l packstones and s l l t y ca laren l tes ; and 

(3) capping g lauconl t lc and dolomlt lc o o l i t i c and I n t rac las t l c 

gralnstones [F ig . 11(c ) ] . 

The lower contact of the Rogersvl l le Shale 1s continuous but 

abrupt, occurring over an In terva l of 0.5 m. The contact 1s defined 

by a sharp t r ans i t i on from mudstone wi th subordinate amounts of 

Interbedded subarkoslc s l l t s tone to t h i n l y bedded calcarenltes and 

s l l t y wackestone, and m lc r l t e of the uppermost por t ion of the 

underlying Rutledge Limestone. The mudstones and s l l t s tones of the 

lowermost Rogersvl l le Shale are 11tho1og1cally homogeneous but have 

a l te rna t ing Intervals of gray (N5-3) and red-gray (5R4/2-2/2 and 

5YR4/1-2/1). The mudstones Immediately at the contact are red-gray 

and contrast sharply wi th the l i g h t gray-gray (N8-6) limestones and 

s l l t s tones of the uppermost Rutledge Limestone. 

The borehole geophysical signature of the lower contact of the 

Rogersvl l le Shale 1s represented on gamma-ray and neutron logs by 

moderately abrupt rlghtward and lef tward def lec t ions , respect ive ly , 

away from the mudstone baseline pos i t ion (F ig . 3) . Neutron and 

gamma-ray logs fo r most of the Rogersvl l le Shale are characterized by 
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baselines s imi lar t o those for the over ly ing mudstone-rich lower 

member of the Maryv l l le Limestone. The contact wi th the 

11mestone-r1ch uppermost Rutledge Limestone produces s ign i f i can t 

def lect ions that permit easy recognit ion of the contact from 

throughout the Oak Ridge v i c i n i t y (Haase 1985). 

The Rutledoe Limestone - The Rutledge Limestone exhib i ts a rapid 

Hthofac les t r a n s i t i o n 1n the Oak Ridge v i c i n i t y (Hasson and 

Haase 1985). Eastward of the Oak Ridge l o c a l i t y , the Rutledge 

Limestone 1s domlnantly ribbon-bedded carbonate. Westward from t h i s 

l o c a l i t y , the Rutledge Limestone rapid ly becomes c l a s t i c - r i c h and 

th ins to ex t inc t ion (Rodgers 1953). At the study s i t e , the formation 

1s 30.78 m th i ck . A prominent c l a s t i c - r i c h In terva l 1n the central 

por t ion of the formation divides the Rutledge Limestone Into upper and 

lower Hmestone-rlch parts In addi t ion to the centra l c last1c-r1ch 

In terva l (F1g. 3 and Appendix). Such a subdivision Is pers istent 

throughout the Oak Ridge Reservation (Haase 1985) but has not been 

reported elsewhere 1n east Tennessee. 

The limestones of the upper part of the Rutledge Limestone are 

m lc r l tes , l oca l l y foss111ferous pe l lo lda l wackestones and packstones, 

and s l l t y ca lcarenl tes. The limestones are t h i n l y bedded wi th highly 

var iable s t r a t i f i c a t i o n patterns. The calcarenltes and most of the 

wackestones and packstones range from wavy to l e n t l c u l a r l y bedded. 

The mlcr l tes are l e n t l c u l a r l y ribbon-bedded to nodular; such 

ribbon-bedded Intervals do not a t ta in a thickness greater than 0.4 m. 

The s l l t y calcarenltes form 1- to 15-cm-th1ck upward-fining In terva ls 

wi th wavy cur rent - r ipp led and evenly c ross - s t r a t i f i ed bedding [F1g. 



40 

12(a) ] . Interbedded wi th the coarser-grained l l t ho log les are gray 

(N6-3) to gray-green (5GY4/1-2/1) calcareous and noncalcareous 

mudstones. These mudstones are th in l y bedded to laminated wi th wavy 

to even para l le l s t r a t i f i c a t i o n . 

The c l a s t i c - r i c h l l t ho log les 1n the middle In terva l of the Rutledge 

Limestone consist of red-brown (5YR4/1-2/1), red-gray (5R4/1-2/1), and 

gray (N6-3) mudstones and shales wi th Interbedded laminae and lenses 

of subarkoslc s l l t s tone [F1g. 12(b) ] . Sl l ts tones have upward-fining 

graded bedding and wavy to evenly pa ra l l e l to discontinuous 

cur rent - r ipp led s t r a t i f i c a t i o n . Locally such In terva ls resemble 

mlcrohummocky c ross - s t r a t i f 1 cat ion. 

The lowermost part of the Rutledge Limestone consists of limestones 

that range from l e n t l c u l a r l y bedded to mottled and bloturbated gray 

(N7-6) to gray-green (5GY4/1-2/1) wackestones and calcarenltes 

[F1g. 12(a) ] . Such limestones are Interbedded wi th shales and 

mudstones s imi lar to those of the middle part of the Rutledge 

Limestone. These l l t ho log les combine to form a 6-m-th1ck sequence of 

three gray limestone horizons separated by two red-gray mudstone-rlch 

horizons. This s t ra t ig raph ic In terva l 1s referred to as the "three 

limestone beds" (deLaguna et a l . 1968) and produces a very d i s t i n c t 

three-pronged pattern on gamma-ray and neutron borehole logs (F1g. 3) 

tha t serves as an excel lent s t ra t ig raph ic marker throughout the Copper 

Creek f a u l t block 1n the Oak Ridge v i c i n i t y (Haase 1985). 

The contact w i th the underlying Pumpkin Valley Shale 1s gradatlonal 

over a 10-m-thlck I n t e r va l . Within the contact zone, the amount of 

ca lcaren l te and calcareous s l l t s tone decreases from 40 to 70% In the 

lowermost Rutledge Limestone to 10 to 20% In the uppermost Pumpkin 
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Fig. 12. Ll thologles of Rutledge Limestone. Core rows are 0.76 m 
(2.5 f t ) long and s t ra t ig raph ic top 1s l e f t . 
[a ] (Box 168: 1621-1628.5 f t ) Wavy and l e n t l c u l a r l y ribbon-bedded 
foss l l l f e rous pe l lo lda l packstone (1 ) , l e n t l c u l a r l y bedded m lc r l t e 
(2 ) , and wavy to evenly bedded calcarenl te and calcareous s l l t s tone 
(3 ) . mudstone containing str ingers of calcareous subarkoslc s l l t s tone 
1s Interbedded (4 ) . [ b ] (Box 174: 1679-1684 f t ) Massive mudstone. 
[ c ] (Box 177: 1707-1712 f t ) Bloturbated s l l t y f oss l l l f e rous wackestone 
(5) and calcareous mudstone (6 ) . 



Valley Shale. The contact 1s placed at the bottom of the lowermost 

limestone horizon of the "three limestone beds". This pos i t ion marks 

the most abrupt decrease 1n carbonate content w i th in the contact zone. 

The Pumpkin Valley Shale - Regionally, the In ternal s t rat igraphy 

of the Pumpkin Valley Shale Is not we l l known, and formal 

s t ra t ig raph ic members have not been defined (Rodgers 1953; 

Harris 1964; Hasson and Haase 1985). The formation has been 

Informal ly divided Into an upper and lower member on the Whlteoak 

Mountain f a u l t block near Oak Ridge, Tennessee (Law Engineering 1975) 

and such a subdivision can be applied to the formation throughout the 

Copper Creek f a u l t block (Haase and Vaughan 1981; Haase 1985). Within 

the Oak Ridge Reservation, the upper and lower members are of 

approximately equal thickness (Haase 1985). At the d r i l l s i t e , the 

Pumpkin Valley Shale 1s 94.18 m th ick wi th the upper and lower members 

being 48.46 m and 45.72 m t h i c k , respect ive ly . 

The upper member of the Pumpkin Valley Shale consists of red-brown 

(10R6/2-2/2), red-gray (5R4/2-2/1), and gray (N6-3) mudstones and 

shales Interbedded wi th subarkoslc s l l t s tones (Appendix). The 

mudstones are massively to t h i n l y bedded and evenly to wavy para l l e l 

s t r a t i f i e d . They range from essent ia l l y pure mudstone to s l l t y 

mudstones wi th th in 0.1- to 2-cm-th1ck st r ingers and disseminations of 

subarkoslc s l l t s tone [F1g. 13(a) ] . Such disseminations l o c a l l y 

coalesce to form discontinuous len t i cu la r s l l t s tone beds that occur 

throughout s l l t y mudstone-rlch In te rva ls . S1ltstone-r1ch horizons 

exh ib i t complex s t r a t i f i c a t i o n patterns that range from t h i n l y 

laminated t o t h i n l y bedded 1- to 25-cm-thlck In tervals wi th wavy to 
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F1g. 13. L l thologles of upper member of Pumpkin Valley Shale. Core 
rows are 0.76 m (2.5 f t ) long and s t ra t ig raph ic top 1s l e f t , 
[a ] (Box 191: 1835-1842.5 f t ) Evenly to wavy bedded mudstone w i th 
subarkoslc s l l t s tone st r ingers and lamellae, [fe] (Box 182: 1750-1755 
f t ) Current-r ippled c r o s s - s t r a t i f i e d s l l t s tones (1) wi th local 
slumping (2 ) . [ c ] (Box 179: 1721-1728.5 f t ) Upward-fining evenly 
laminated s l l t s tones (3) Interbedded wi th wavy and cur ren t - r ipp led 
subarkoslc s l l t s tone (4) and t h i n l y laminated mudstones (5 ) . 
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evenly pa ra l l e l to nonparal lel s t r a t i f i c a t i o n . Such s l l t s tone 

horizons may ex lb l t evenly c ross -s t ra t i f i ed or current r ippled 

Internal laminations t yp i ca l of mlcrohummocky c r o s s - s t r a t i f i c a t i o n . 

Amalgamation of several such c ross -s t ra t i f i ed s l l t s tones 1s typ ica l 

[F1g. 13(J>)]. S l l ts tone also ocurs as Isolated upward-f ining beds 

disseminated throughout domlnantly mudstone-rlch horizons 

[F1g. 13(c) ] . Such occurrences have scour bases and Internal 

laminations ranging from evenly to wavy p a r a l l e l . Where such 

upward-fining beds are c losely spaced, each s l l t s tone bed 1s capped by 

a mud-drape. Glauconlte pe l le ts are ubiquitous w i th in s l l t s tone 

Intervals and occur 1n random disseminations throughout Indiv idual 

beds or are concentrated Into d iscrete laminae and bedding planes. 

Local ly , 0.5- to 2.0-cm-th1ck horizons composed of 40 to 60% 

glauconlte pe l le ts are Interbedded wi th in s l l t s tones and mudstones 1n 

the upper member. 

The lower member of the Pumpkin Valley Shale 1s s l i g h t l y more 

s l l t s t o n e - r l c h than the upper member, as Is re f lec ted by the s i l en t 

rlghtward s h i f t of the neutron log trace (F1g. 3 and Appendix). The 

lower member Is characterized by the occurrence of maroon-brown 

(1CR4/1-2/1) and maroon-gray (5R4/1-2/1) bloturbated s l l ts tones [F ig . 

14(a) ] . Bloturbated horizons, which are 0.2 to 1.5 m t h i c k , are 

massive to mottled and wavy or l en t l cu l a r l y bedded. S t r a t i f i c a t i o n 

w i t h i n the lower member 1s highly var iable, wi th the massively bedded 

horizons being the most completely bloturbated and homogenized. 

Composl t lonal ly, the bloturbated Intervals resemble simple physical 

mixtures of the s l l t s t one and mudstone l l t ho log les Iden t i f i ed 1n the 

upper member. Glauoconlte pe l le ts are very abundant w i th in 
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F1g. 14. Ll thologles of lower member of Pumpkin Valley Shale. Core 
rows are 0.76 m (2.5 f t ) long and s t ra t igraphic top 1s l e f t . 
[ a ] (Box 195: 1872-1879.5 f t ) Massive b'loturbated shaly s l l t s tone (1) 
wi th str ingers of evenly c ross - s t r a t l f l ed s l l t s tone (2 ) . 
[ b ] (Box 204: 1958-1965.5 f t ) Interbedded wavy and l e n t l c u l a r l y 
cur rant - r ipp led s l l t s tone (3) and evenly pa ra l l e l s t r a t i f i e d s l l t s t one 
(4 ) . [ c ] (Box 207: 2004-2011.5 f t ) Interbedded mudstone (5) and wavy 
to evenly s t r a t i f i e d t h i n l y bedded s l l t s tone (6 ) . Note th in 
bloturbated horizons throughout In terva l (7 ) . 
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bloturbated horizons and can cons t i tu te as much as 40% of selected 

beds. Gamma-ray spectral analysis of red-brown and gray mudstone-rlch 

In terva ls of the lower member Indicate that accounts fo r the 

major i ty of na tu ra l l y occurr ing gamma-ray a c t i v i t y . 

Interbedded wi th bloturbated s l l t s tones are mudstones and 

s l l t s tones very s im i la r to those previously described for the upper 

member [F1gs. 14(6.) and (£.)] . Gray (N6-3) and maroon-gray (5R4/1-2/1) 

s l l t y mudstones are somewhat more common In the lower member than In 

the upper member, and the evenly laminated and cross-bedded s l l t s tones 

l oca l l y occur 1n somewhat th icker (15 cm maximum) beds than 1n the 

Upper Member [F1g. 14(b ) ] . In general, the s l l t s t o n e content of the 

lower member 1s greater than that of the upper member: ~ 40 to 70% 

versus 25 to 50%. 

The lower contact of the Pumpkin Valley Shale w i th the Rome 

Formation 1s continuous but abrupt. The lowermost 7.5 m of the 

Pumpkin Valley Shale 1s a gray-brown (5YR7/1-4/1), wavy to 

l e n t l c u l a r l y s t r a t i f i e d , shaly s l l t s t one w i t h loca l ized bloturbated 

In terva ls [F1g. 14 (c ) ] . This horizon 1s somewhat more s i l t - r i c h than 

most of the lower Pumpkin Valley Shale and appears t r a n s i t i o n a l 1n 

composition and color to the sediments of the underlying Rome 

Formation. The base of t h i s In te rva l marks the abrupt t r a n s i t i o n to 

the massively to t h i c k l y bedded gray to gray-green (N7-6 also 

5J6/1-5GY6/1) quartz arenltes of the uppermost Rome Formation. The 

lower contact of the Pumpkin Valley Shale 1s placed at the bottom of 

the shaly gray-brown s l l t s t o n e . The borehole geophysical signature of 

the contact consists of very sharp and prominent def lec t ions of both 

the neutron and gamma-ray logs away from the r e l a t i v e l y constant 

mudstone basel ine of the Pumpkin Valley Shale. 
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4.4 THE RONE FORMATION 

For the Copper Creek f au l t block 1n east Tennessee, thickness 

values reported for the Rome Formation range between 90 and 215 m 

(Rodgers 1953; Samman 1975; Wojtal 1981). For the Copper Creek f a u l t 

block on the Oak Ridge Reservation, Rome Formation thickness values 

between 90 and 125 m have been reported (Stockdale 1951; 

McMaster 1963; Sledz 1981). Such v a r i a b i l i t y 1s character is t ic of the 

Rome Formation w i th in the Valley and Ridge Province of east Tennessee 

where regional thicknesses and Internal s t ra t ig raph ic patterns for the 

Rome Formation are extremely var iable (Rodgers 1953; Saman 1975). 

Such a s i tua t ion 1s caused by the s t ruc tura l se t t i ng of the 

formation. Several of the major thrust fau l ts of the Valley and Ridge 

Province are located 1n the Rome Formation, and at various l o c a l i t i e s 

thrust f au l t i ng and associated 1ntraformat1ona1 deformation have 

caused Intervals to be repeated or removed. The s i tua t ion 1s 

complicated fur ther by the complex Hthofac les t rans i t i ons that occur 

both l a t e r a l l y and v e r t i c a l l y w i th in the Rome Formation throughout the 

Valley and Ridge Province 1n east Tennessee. 

At the study s i t e , 188.06 m of Rome Formation was penetrated. The 

true thickness of Rome Formation present Is considerably less than 

th i s value, p r i nc ipa l l y because of the repe t i t i on of several horizons 

of the formation associated wi th complex motion along the Copper Creek 

f a u l t . Preliminary analysis suggests that the 188.06 m of Rome 

Formation can be divided Into two par ts . One part of the in te rva l Is 

88.09 m of essent ia l ly undisturbed s t ra ta that represents the 
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s t ra t l g raph lca l l y uppermost In terva l of the Rome Formation at the 

study l o c a l i t y (2021- to 2310-ft I n te rva l ; see F1g. 3 and Appendix). 

The other part of the Rome Formation 1s a 99.97-m-th1ck, severely 

deformed In terva l that appears to be composed of several Imbricated 

sl ices of Rome Formation l l tho log les derived from s t ra t l g raph l ca l l y 

higher port ions of the formation (2310- to 2638-ft I n t e r va l ; see F1g. 

3 and Appendix). 

Upper Rome Formation - Regionally the Rome Formation 1s 

characterized by l l t ho l og l c heterogeneity and consists of var iously 

bedded gray, green, and maroon sandstones Interbedded wi th gray to 

maroon shales and mudstones (Rodgers 1953; M11l1c1 1973). The upper 

Rome Formation 1n the Oak Ridge v i c i n i t y 1s wel l described by th i s 

generalized descr ipt ion (McMaster 1963). At the study s i t e , masslve-

to medium-bedded, subarkoslc to quartz a ren l t l c sandstones make up 60 

to 80% of the upper Rome Formation. The remainder of the formation 

consists of medium-bedded sandstones and s l l t s tones Interbedded wi th 

thinly-bedded s l l t y mudstones and shales. S t ra t l g raph l ca l l y , the 

upper Rome Formation contains a d i s t i n c t i v e gray to gray-green, 

sandstone-rich top part and a bottom part that 1s H t h o l o g l c a l l y much 

more heterogeneous than the top por t ion. 

Sandstones are abundant within the Rome Formation. A massive, 
diffusely to evenly bedded, gray (N8-6) to gray-green (5GY8/1-6/1) 
quartz arenlte occurs at the top of the Rome Formation [F1g. 15(a)]. 
This massive sandstone Is Interbedded with thinly bedded sandstone 
composed of ?- to l0-c*-th1ck, upward-fining cycles that have scour 
bases and are capped by mudstone drapes. Each cycle contains wavy 
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F1g. 15. Sandstone l l t ho log les of upper part of Rome Formation. Core 
rows are 0.76 m (2.5 f t ) long and s t ra t ig raph ic top 1s l e f t , 
[ a ] (Box 214: 2052-2059.5 f t ) Massive, d i f f use l y bedded t o mottled 
sandstone, [b ] (Box 211: 2021-2026 f t ) Wavy bedded sandstone 
comprised of upward-fining beds wi th mudstone drapes (1 ) . Note 
massive bed formed by amalgamated cycles ( 2 ) . 
[ c ] (Box 243: 2309-2316.5 f t ) Laminated to t h i n l y bedded pa ra l l e l 
c ross - s t r a t i f i ed sandstone. [ 1 ] (Box 237: 2254-2259 f t ) Massive 
sandstone wi th wavy and I r regu la r l y bedded shale s t r ingers . 



laminated shale s t r ingers , and several ind iv idual cycles are commonly 

amalgamated Into 0 .2- to 0.5-m-th1ck beds of massive sandstone that 

contain wavy discontinuous shale str ingers disseminated throughout 

(F ig. 15(fe)]. A 15-m-thlck In terva l of such Hthology occurs ~ 12 m 

below the top of the Rome Formation and 1s a l oca l l y dolomlt lc 

gray-green shaly sandstone wi th wavy to len t i cu la r s t r a t i f i c a t i o n . 

This example represents the only s ign i f i can t occurrence of 

carbonate-bearing l l t ho log les w i th in the upper Rome Formation at the 

study s i t e . 

Another common sandstone type 1s a massively to t h i c k l y bedded, 

maroon-brown to gray (5R6/2-4/2), subarkose wi th d i f f use l y to evenly 

pa ra l l e l s t r a t i f i c a t i o n . This sandstone grades In to a massively 

appearing t h i n l y bedded sandstone [F ig . 15(c) ] that forms 1 to 

4 m-th1ck In terva ls throughout the lower 60% of the upper Rome 

Formation (see Appendix). Such l l t ho log les a l ternate wi th massive, 

I r regu la r l y bedded maroon sandstones that contain 1 - to 15-cm-th1ck, 

shale-r ich Intervals associated wi th len t i cu la r to mottled bedding; 

b lo turbat lon and ve r t i ca l burrowing occur throughout. Disseminated 

throughout th i s Hthology are Intervals of f l a s e r l l k e , wavy to 

l en t i cu la r discontinuous laminae and str ingers of maroon mudstone and 

shaly s l l ts tones [F1g. 15(d) ] . 

A l te rnat ing wi th major sandstone Intervals are horizons of t h i n l y 

bedded shaly s l l t s tone and mudstone. The shaly s l l t s tones range from 

gray (N7-5) to gray-maroon (5K4/2-2/2). S t r a t i f i c a t i o n patterns are 

h igh ly va r iab le , ranging from evenly bedded to wavy, l e n t l c u l a r l y , and 

dlscont lnuously f l aser bedded [F1g. 16(a) ] . Bloturbat lon and mottled 

bedding are also commonly observed [F1g. 16(b) ] . In ters t ra t1 f1ed, 
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F1g. 16. S l l ts tone and mudstone l l t ho log les of upper part of Rome 
Formation. Core rows are 0.76 m (2.5 f t ) long and s t ra t ig raph ic top 
1s l e f t , [ a ] (Box 241: 2290-2295 f t ) Current-r ippled and wavy bedded 
shaly s l l t s tone (1 ) , p a r t i a l l y bloturbated and mottled s l l t y mudstone 
( 2 ) , and evenly laminated s l l t s t one st r ingers (3 ) . 
[ b ] (Box 233: 2216-2223.5 f t ) Bloturbated s l l t y mudstone (4) 
Interbedded wi th cur rent - r ipp led to pa ra l l e l c r o s s - s t r a t i f i e d 
s l l t s tone (5 ) . [ c ] (Box 232: 2208-2213 f t ) Massive mudstone (6) wi th 
Interbedded wi th wavy c r o s s - s t r a t i f i e d s l l t s tone s t r ingers (7) and 
massive evenly to wavy bedded sandstone (8 ) . 
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0.1- to 5-cm-th1ck s l l ts tones wi th wavy to evenly laminated 

upward-f Inlng cycles occur l oca l l y w i th in mudstones. Such 

l l t h o l o g l e s , however, are noted much less frequently than 1n the 

Pumpkin Valley Shale. Mudstones forming 0.1- to 1.0-m-th1ck beds 

occur wi th greatest abundance 1n the lower 50% of the upper Rome 

Formation. Mudstones range from maroon (10R3/3-6/3) to gray-maroon 

(5R4/1-2/1). They are massive to t h i n l y laminated and commonly 

contain l en t i cu la r laminae, s t r ingers , and disseminations of s l l t s tone 

[F ig . 16(c ) ] . 

Lower Rome Formation - L1tholog1cal ly, t h i s in te rva l Is composed 

of essent ia l ly the same, or very s im i la r , material as that which 

composing the upper Rome Formation (see Appendix). The pr inc ipa l 

d i f ference between the upper and lower parts of the formation 1s the 

degree of deformation. The upper Rome Formation has local ized f au l t 

zones 0.1 to 1.0 m thick and small-scale fo lds , but I t 1s essent ia l l y 

undeformed. The lower Rome Formation, however, 1s characterized by 

severe deformation and extremely chaotic s t r a t i f i c a t i o n patterns 

(F1gs. 17(a) and ( b ) ] . Preliminary analysis of the structures 1n th is 

In terva l suggests that most, 1f not a l l , of t h i s In terva l consists of 

s l ices and fragments of l l t ho log les that compose the upper Rome 

Formation. Such sl ices have been tec ton lca l l y Juxtaposed and mixed to 

form a complexly Imbricated and Jumbled In terva l that l l t h o l o g l c a l l y 

resembles the upper Rome Formation. I t has not been possible to 

del ineate w i th ce r ta in ty which parts of the upper Rome Formation are 

Included w i t h i n t h i s In terva l or what the s t ra t igraphic succession of 

the juxtaposed s l i ces I s . I t 1s possible that s ign i f i can t port ions of 
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Fig. 17. Ll thologles of lower part of Rome Formation. Core rows are 
0.76 m (2.5 f t ) long and st rat igraphic top Is to the l e f t , 
[a ] (Box 250: 2375-23B0 f t ) Deformed wavy to l e n t l c u l a r l y bedded 
s l l t s tone wi th shale s t r ingers , [ b ] (Box 271: 2550-2555 f t ) Severely 
brecclated, wavy to l e n t l c u l a r l y bedded, shaly s l l t i t o n e . 
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the lower Rome Formation may not be tec ton lca l l y emplaced but may 

simply represent Intensely deformed material s t ra t l g raph l ca l l y below 

the r e l a t i v e l y undeformed upper Rome Formation. 

The lower contact of the Rome Formation 1n the Oak Ridge v i c i n i t y 

1s a discontinuous tectonic boundary that corresponds approximately 

wi th the s t ra t ig raph ic pos i t ion of the Copper Creek f au l t 

(Stockdale 1951; McMaster 1963). This regional s t ructure Juxtaposes 

the Rome Formation over the younger Chlckamauga Group contained 1n the 

underlying Whlteoak Mountain f au l t block. Deformation associated wi th 

motion along the Copper Creek f a u l t 1s concentrated w i t h i n a 

46-m-thlck In terva l that Includes the lowermost part of the lower Rome 

Formation and the uppermost port ion of the Moccasin Formation of the 

Chlckamauga Group (equivalent 1n part to Unit H 1n Stockdale 1951). 

Structures w i th in th i s In terva l w i l l be described In a subsequent 

sect ion, but general ly, 1t contains numerous fau l t s and fo lds . At a 

borehole depth of 804 m (2638 f t ) , a major f au l t 1s penetrated that 1s 

characterized by a l-m-th1ck zone consist ing of two 0.2-m-th1ck 

mylonltes [see subsequent section and F1g. 21(b) ] . This f a u l t zone 

also corresponds to a s ign i f i can t change In bedding plane a t t i t ude . 

Below the f au l t zone, dip angles are shallow, ranging between 0 and 

10°, which are values general ly representative of regional d ip : 

whi le above the zone, dip angles are steep and highly var iab le. The 

f a u l t zone also corresponds to a s ign i f i can t Hthology change. Below 

the f a u l t zone, carbonate-bearing maroon (10R6/3-8/3) to gray-maroon 

(5R6/3-8/3) s l l t s tones and gray (N8-6) limestones occur. L l thologles 

cha rac te r i s t i c of the Rome Formation are absent below the f au l t zone. 

The lower contact of the Rome Formation Is placed, therefore, at the 
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bottom of th i s f a u l t zone. The lower Rome Formation contact marks not 

only the bottom of that formation but also the bottom of the Copper 

Creek f a u l t block at the study s i t e . Strata below the contact are 

part of the Whlteoak Mountain f au l t block that Immediately underl ies 

the Copper Creek f a u l t block. 

4.5 THE CHICKAMAUGA GROUP 

The 0rdov1c1an Chlckamuaga Group 1s the youngest formation 

encountered 1n the d r i l l i n g and l i es s t r a t l g raph l ca l l y above the 

Cambro-Ordov1c1an Knox Oolomlte Group. Because of the e f fec t of 

motion along the Copper Creek f a u l t , however, the Chlckamauga Group 

l l t ho log les encountered at the bottom of ORNL-JOY No. 2 were not those 

associated wi th the Copper Creek fau l t block, but were rather those 

belonging to the Whlteoak Mountain f a u l t block. The Chlckamauga Group 

1s between 450 and 600 m th ick 1n the Oak Ridge v i c i n i t y and consists 

of a l te rna t ing limestone and slltstone/mudstone l l t ho log les 

(Stockdale 1951; Rodgers 1953; McMaster 1963; Swltek 1984). Only the 

s t ra t l g raph l ca l l y uppermost formation In the group, the Moccasin 

Formation, was encountered 1n the borehole. 

The Moccasin Formation - In east Tennessee, the Moccasin 

Formation 1s of var iable thickness and consists of calcareous gray to 

gray-maroon mudstones and 3- to 10-m-th1ck In terva ls of gray 

limestones (Rodgers 1953; M111c1 1973). On the DOE Oak Ridge 

Reservation, Stockdale (1951) divided the Chlckamauga Group Into eight 

Hthostrat1graph1c un i t s , the uppermost being Unit H, which Includes 



56 

the Moccasin Formation (J . Swltek, personal communication, 1984). 

Unit H averages 90 to 95 m In thickness, and I t s uppermost part 

consists of ~ 26 m of maroon to gray calcareous s l l t s tone wi th shaly 

partings and th in limestone lenses that are underlain by 66 m of gray 

limestone (Stockdale 1951). 

At the d r i l l s i t e , only 24.38 m of the uppermost s l l t s t o n e - r l c h 

portions of the Moccasin Formation were penetrated. The th ick gray 

limestone middle un i t of Unit H, as described by Stockdale (1951) was 

not Intersected. H t h o l o g l c a l l y , the Moccasin s t ra ta at the d r i l l 

s i te consists of Interbedded calcareous s l l t s tones and shaly 

limestones. The s l l t s tones are maroon-gray (5R4/2-2/1) and medium to 

t h i n l y bedded wi th wavy to l en t i cu la r discontinuous s t r a t i f i c a t i o n . 

Flaser-bedded, maroon, mudstone-rlch In tervals 0.1- to 1-m th ick occur 

throughout [F1g. 18(a) ] . The t h i n l y bedded limestones are gray (N7-4) 

to maroon-gray (5R4/2-2/1) m lc r l tes , wackestones, and calcarenl tes 

with wavy, I r r egu la r , and l en t i cu la r s t r a t i f i c a t i o n [F ig . 18(b) ] . 

Locally 1ntraformat1onal conglomerates occur 1n discontinuous horizons 

associated w i th the limestones. 

5. STRUCTURAL OATA 

The s t ruc tu ra l fabr ic of s t ra ta w i th in the Copper Creek f a u l t block 

on the OOE Oak Ridge Reservation 1s complex (McMaster 1963; Sledz and 

Huff 1981) and 1s the resu l t of mul t ip le periods of deformation 

associated w i th several pulses of the Appalachian orogeny. 

Examination of the d r i l l core and geophysical logs permits 

charac te r i za t ion of several Important s t ruc tura l elements common to 
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F1g. 18. Ll thologles of uppermost Moccasin Formation. Core rows are 
0.76 m (2.5 f t ) long and s t ra t igraphic top 1s l e f t . 
[a ] (Box 284: 2669-26676.5 f t ) Wavy to l e n t l c u l a r l y bedded calcarenl te 
and wackestone (1) Interbedded with laminated and wavy bedded 
calcareous s l l t s tone (2) wi th local ized f laser bedding. 
[B] (Box 285: 2675-2683.5 f t ) Thinly bedded l e n t l c u l a r l y to wavy 
ribbon-bedded calcarenl te and mlc r l te (3) wi th mudstone , - t r lngers. 
Deformed In terva l (4) marks f a u l t t race. 
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the s t ra ta of the Conasauga Group and the Rome Formation on the Copper 

Creek f a u l t block 1n Melton Val ley. Fabric elements observed Include 

bedding p lane-paral le l and high-angle f a u l t s , 1ntraformat1onal thrust 

f a u l t s , small-scale f o lds , mul t ip le j o i n t sets, and small-scale 

f rac tures . A br ie f discussion of such structures 1s Included here 

because the structures can Influence the s t ra t ig raph ic data obtained 

from the borehole. Spec i f i ca l l y , I n t ra - and cross-formatlonal f au l t s 

can accomodate varying amounts of s t ra in during deformation of the 

sect ion. In so doing, the I n i t i a l thickness and s t ra t ig raph ic 

re lat ionships of the sedimentary section have been modified to some 

extent. 

Bedding-plane fau l t s - Bedding p lane-para l le l small-scale fau l ts 

are ubiquitous w i th in the Conasauga Group and the Rome Formation. 

Such fau l t s cha rac te r i s t i ca l l y occur at contacts between Htho'logles 

that have great ly d i f f e r e n t tens i le strengths (e .g . mudstone and 

l imestone), although such fau l t s are also observed w i th in 

mudstone-rich In terva ls , where they apparently are not related to 

Hthology dif ferences [F1gs. 19(a) and ( b ) ] . The density and spacing 

of bedding-plane fau l t s 1s highly var iable throughout the 

s t ra t ig raph ic sect ion, but the fau l ts are most abundant 1n t h i n - to 

medium-bedded Intervals of limestones or s l l t s t o n e , and mudstones. 

Bedding-plane fau l ts are local ized wi th in a disturbed zone 2.0 to 

5.0 mm th ick and are characterized by the development of sl lckenslded 

and s t r i a t e d textures on the bedding plane surface [see F1g. 19(b) ] . 

Commonly the f a u l t surface 1s associated wi th a very t h in (0.1 to 

2.0 mm th i ck ) zone of "glassy" mylonl te l lke material that 1s x-ray 

amorphous and 1s pet rographlca l ly c ryp tocrys ta l l lne [F ig . 19(a) ] . 
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F1g. 19. Bedding p lane-para l le l f au l t w i th in Maryv l l le Limestone (Box 
108: 1022 f t ) , [ a ] (Core 1s 61 mm In d1am.) Side view of bedding 
p lane-para l le l f a u l t tha t occurs a t llmestone-mudstone contact ( 1 ) . 
Fault 1s approximately 1 to 2 mm th ick and 1s composed of mylon l te l lke 
c ryp tocrys ta lUne mater ia l , [ b ] (Core 1s 61 mm 1n diameter) Plane 
view of f au l t I l l u s t r a t ed in [ a ] . Note the glassy, polished 
appearence of f au l t surface and s t r l a t l ons ( 2 ) . 



Because of t he i r abundance, bedding-plane fau l ts represent a 

mechanism that could have accomodated large amounts of s t ra in during 

deformation and t h r u s t - f a u l t i n g events. The amount of such s t ra in 

accomodation cannot be determined, but 1t may have s i g n i f i c a n t l y 

changed the o r ig ina l thicknesses of par t i cu la r Indiv idual 

s t ra t ig raph ic un i t s . 

High Angle Faults - Faults si tuated at high angles to bedding 

are common throughout the en t i re section studied but appear to be most 

abundant 1n the Rogersvl l le Shale, Rutledge Limestone, and Pumpkin 

Valley Shale formations of the Conasauga Group and In the lower part 

of the Rome Formation. Such fau l t s are commonly observed 1n outcrop 

(Sledz 1980; Sledz and Huff 1981; Davis and Stansf le ld 1984) and 1n 

d r i l l core from throughout the Oak Ridge v i c i n i t y (Haase 1985). As 

measured 1n outcrop, the fau l ts have e i ther a normal or a reverse 
t 

sense of motion and are characterized by small amounts of displacement 

(several meters to several tens of meters; Malls and Haase, 

unpublished data). High-angle fau l ts are characterized by 0.2- to 

1.5-m-th1ck intensely deformed zones In which bedding and sedimentary 

structures are highly disturbed, brecclated, or p a r t i a l l y to 

completely ob l i te ra ted (F1g. 20). In add i t ion , drag fo lds , developed 

1n the otherwise unaltered st rata Immediately adjacent to the 

loca l ized f a u l t zone, are commonly associated wi th high angle f a u l t s . 

Within the deformed zones, the host l l t ho logy appears to be 

mlnera log lca l iy a l tered to a very f ine-grained, c l a y - r i c h , bleached 

mate r ia l . Typ i ca l l y , f a u l t zones have ca lc1 te - f1 l ied veins that 

cross-cut the In te rva l at or ientat ions para l l e l or subparal lel to the 
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F1g. 20. Localized st ructures associated w i t h high-angle f a u l t s w i t h i n 
Conasauga Group. Core rows are 0.76 m (2.5 f t ) long and s t ra t i g raph i c 
top 1s l e f t , [ a ] (Box 105: 1026-1028.5 f t ) Small drag f o l d (1) 
associated w i th f a u l t a t l imestone-shale contact . Such s t ructures are 
common w i t h i n Maryv l l le Limestone, [ b ] (Box 183: 1765-1772.5 f t ) Drag 
f o l d (2) and ca1dte- f111ed f rac tu re (3) associated w i th high-angle 
f a u l t w i t h i n Pumpkin Val ley Shale, [ c ] (Box 160: 1543-1550.5 f t ) Drag 
fo ld and brecclated s l l t s t o n e associated w i t h high angle f a u l t In 
Rogersvl l le Shale [see a lso F1g. 14 (a ) ] . [ d ] (Box 115: 1118-1128 f t ) 
Brecclated and folded o o l i t i c , I n t r a c l a s t l c packstone (4) and shale. 
Oeformatlon associated w i t h low angle th rus t f a u l t w i t h i n Maryv l l l e 
Limestone. 
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f au l t plane. Such veins are 0.1 to 5 cm th ick and l oca l l y coalesce to 

form 4.0- to 10.0-cm-thlck ca1c1te-r1ch In te rva ls . In a few rare 

examples, c a l c i t e veins are absent from f au l t zones. 

Intraformat lonal Thrust Faults - Within the upper por t ion of the 

upper part of the Maryv l l le Limestone and 1n the middle por t ion of the 

Rogersvl l le Shale, two extensively deformed 5- to 20-m-th1ck Intervals 

occur. Within such zones, bedding Is chaotic and port ions of the 

formation may actua l ly be repeated, suggesting that the zones may 

represent small-scale Imbricate thrus t f a u l t s . The a t t i t ude of the 

f au l t plane(s) w i th in these zones 1s d i f f i c u l t to determine, however. 

In the Rogersvl l le Shale example, the f au l t planes appear to be at 

high angles to bedding, suggesting that such zones may be the resu l t 

of a large-scale, pers is tent , high-angle f a u l t , although the 

p o s s i b i l i t y of an Intraformat lonal thrust f a u l t that has l o c a l l y 

repeated part of the Rogersvl l le Shale cannot be ruled out. Recently, 

such a s i tua t ion has been documented for the Rogersvl l le Shale 

elsewhere 1n the Oak Ridge v i c i n i t y (Rothschild et a l . 1984). In the 

f a u l t zone located In the Maryvl l le Limestone, the f a u l t plane(s) 

appear to be at shallow angles or subparal lel to the bedding. The 

occurrence of s im i l a r l y deformed zones w i th in approximately the same 

s t ra t ig raph ic In terva l of the upper member of the Maryv l l le Limestone 

elsewhere along the Copper Creek f au l t block 1n the Oak Ridge v i c i n i t y 

(Haase 1985) suggests that the deformed In terva l w i th in the Maryv l l le 

Limestone Intersected In ORNL-JOY No. 2 1s an Int raformat lonal t in 

f a u l t tha t has a l a t e r a l extent of several ki lometers. 
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Joint Sets and Small Scale Fractures - Strata of the Conasauga 

Group and the Rome Formation are characterized by the development of 

at least two and, l o c a l l y , as many as f i v e , pervasive Joint sets 

(Sledz and Huff 1981). The frequency, spacing, and length of Joints 

developed w i th in the Conasauga Group have been demonstrated to be 

complex functions of bed thickness and Uthology (Sledz and Huff 

1981). Because of such a re la t ionsh ip , the degree of Jo in t ing 

observed for a pa r t i cu la r s t ra t ig raph ic horizon w i th in d r i l l core 1s 

qui te variable (F1g. 21). Typ ica l ly , Joints observed 1n d r i l l core 

have or ientat ions that are e i ther nearly perpendicular to or pa ra l l e l 

to bedding. Within limestone and sl l tstone/sandstone l l t h o l o g l e s , 

Joints are p a r t i a l l y to completely f i l l e d by secondary minera l izat ion 

of ca l c l t e or dolomite [F1gs. 21(a) to ( £ ) ] . Joints w i th in mudstones, 

however, are open wi th l i t t l e , 1f any, secondary minera l izat ion [F1gs. 

21(d) and ( e ) ] . Development of secondary minera l izat ion w i th in Joints 

appears to be re lated most strongly to the host Hthology 1n which a 

par t i cu la r Jo in t 1s developed; 1t does not appear to be related to 

depth w i th in the borehole. 

Numerous small-scale f rac tures, 0.1 to 1.5 m long, are observed 

w i th in the 11mestone-r1ch members of the Conasauga Group and the 

massive sandstone horizons w i th in the Rome Formation. The f ractures 

are readi ly apparent 1n d r i l l core (F1g. 22). Open f ractures that 

lack appreciable secondary minera l izat ion are observable on acoustic 

televiewer j igs. 22(d) to ( f ) and F1g. 23]. Fracture frequency 

1s highly var iab le , although most occur w i th in limestone or sandstone 

In te rva l " r ' - ' - i than 0.5 m In thickness. Fracture o r ien ta t ion Is 

less va wi th most f ractures oriented w i th in 15° of v e r t i c a l 
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F1g. 21. Joints w i th in Conasauga Group. Diameter of core Is 61 mm. 
[a ] (Box 106: 1040 f t ) Evenly laminated s l l t y calcarenl te of Maryvl l le 
Limestone wi th c a l c l t e - f l l l e d Joints (1) oriented perpendicularly to 
bedding trends. Note the termination of Joints at contacts wi th 
interbedded mudstone layers, [ b ] (Box 179: 1721 f t ) Parallel-bedded 
s l l t s t o n e of upper Pumpkin Valley Shale wi th calc1te-f111ed Joints 
( 2 ) . Note lack of cont inu i ty of j o i n t s across bedding contacts, [ c ] 
(Box 192: 1848 f t ) Interlaminated s l l t s tone and mudstone of upper 
Pumpkin Valley Shale I l l u s t r a t i n g two or ientat ions of c a l c l t e - f l l l e d 
Jo in ts (3 and 4) . [ d ] (Box 72: 725 f t ) Mudstone of Nollchucky Shale 
I l l u s t r a t i n g development of two major Jo in t sets (5 and 6) and bedding 
plane par t ing (perpendicular to the edge of core). Note that these 
Jo in ts are not f i l l e d w i th secondary minera l izat ion, [e ] (Box 267: 
1985 f t ) Mudstone of lower Pumpkin Valley Shale exh ib i t ing two 
"shat tered" In te rva ls (7 and 8) resu l t ing from a high density of 
Jo in ts and bedding plane par t ings. Orientations of Jo in t sets and 
bedding plane par t ing Is s im i la r to that observed In [ £ ] . 
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Fig. 22. Fractures w i th Conasauga Group and Rome Formation. Core 
diameter 1s 61 mm. [a ] Be* 98: 970 f t ) Oo l i t i c and 1ntraclast1c 
gralnstone of Nollchucky Shale that exhib i ts two sets of 
ca1c1te-f111ed f rac tures . One set para l le ls edge of core and cuts 
second set of f ractures w i th a d i f f e ren t o r ien ta t ion (1 ) . [b ] (Box 
104: 1021) Calc1te-f11led f rac ture w i th in I n t r ac l as t l c gralnstone of 
Ha rv l l l e Limestone. Note f racture 1s o f f se t at bedding contacts (2 ) . 
[ c ] (Box 83: 832 f t ) Mudstone of Nollchucky Shale wi th c a l c l t e - f l l l e d 
f rac tu re (3) or iented pa ra l l e l to p r inc ipa l Jo in t se t . [ d ] (Box 25: 
288 f t ) Fracture w i th in o o l i t i c packstone of Maynardvll le Limestone 
(4) that 1s open and only l oca l l y f i l l e d wi th secondary 
minera l iza t ion, [ e ] (Box 91: 907 f t ) Open, u n f i l l e d f rac ture (5) 
w i th in a mudstone of the Nollchucky Shale. [F ] (Box 222: 2123 f t ) Two 
generations of f ractures w i th in massive sandstone of upper Rome 
Formation. One f rac ture 1s only »art1a1ly f i l l e d w i th secondary 
minera l izat ion (6) and cuts across e a r l i e r q u a r t z - f i l l e d f rac ture (7 ) . 



66 

F1g. 23. Borehole wal l Images obtained wi th acoustic televiewer 
logger. The photographs represent complete 360° scan of borehole 
wal l w i th north on l e f t side of the photograph and south 1n middle. 
S t ra t lg raph lca l l y up d i rec t ion 1s toward top of f i gu re , [a ] (Borehole 
depth 285 to 290 f t ) Prominent open f rac ture (1) w i th in Maynardvll le 
Limestone. This same f rac ture 1s I l l u s t r a t e d In Fig. 22(d). [ b ] 
(Borehole depth 768 to 778 f t ) Interbedded limestone ( l i g h t areas) 
and mudstone (dark areas) In terva l of Nollchucky Shale wi th three open 
f ractures v i s i b l e ( 2 - 4 ) . [ c ] (Borehole depth 523 to 537 f t ) 
Extensive ver t ical1y-or1ented, open f ractures (5 - 7) w i th in 
11mestone-r1ch In terva l of Nollchucky Shale. 



or hor izontal . Fractures wi th in limestones are t yp i ca l l y f i l l e d or 

p a r t i a l l y f i l l e d with secondary mineral izat ion, usually ca l c l t e [F igs. 

22(i) and (fe)]. Fractures wi th in s l l t s tone or sandstone Intervals 

(F1g. 22 ( f ) ] are open or only s l i gh t l y f i l l e d by secondary 

mineral izat ion that can be either ca l c l t e , dolomite, or quartz. There 

Is no readi ly apparent, simple relat ionship between borehole depth and 

the degree of fracture f i l l i n g ; open fractures were observed 

throughout the ent i re borehole. 

Copper Creek Fault Zone - Deformation associated wi th the Copper 

Creek fau l t 1s concentrated wi th in a 45-m-th1ck Interval that 1s 

Intersected close to the bottom of ORNL-JOY No. 2. In addlton to th is 

fau l t zone, the lower section of the Rome Formation, as described 

previously, 1s a jumbled composite of fragments and sl ices of various 

l l tho log les Juxtaposed and separated by numerous 1ntraformat1ona1 

thrust and high-angle fau l ts that have highly variable or ienta t ions. 

Deformation wi th in the fau l t zone occurs throughout and Is 

concentrated wi th in several discrete zones. Within such zones, 

cataclast l tes and mylonltes are commonly observed (F1g. 24). Such 

material represents Intensely deformed and broken-up rock material 

that Is very heterogeneous 1n grain size. The f1ne-gra1ned matrix of 

the catac las t l te consists of crypto- to mlcrocrystalUne material 

composed of fragmented and ground-up host-rock l i tho logy . Pa r t i a l l y 

disaggregated and fragmented pieces of the host rock are randomly 

scattered throughout (F1g. 24). Mylonltes are associated w i th in 

catac last l te In terva ls . They are 1- to 5-mm-th1ck zones of 

cryptocrystalUne material that t yp ica l l y has a g lass l ike appearance 
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F1g. 24. Cataclast l tes and mylonltes associated wi th Copper Creek 
f a u l t . Core rows are 0.76 m (2.5 f t ) long and s t ra t ig raph ic top 1s 
l e f t , [a ] (Box 278: 2614-2616.5 f t ) Mylonlte (1) and ca tac las t l te 
formed w i th in t h i c k l y bedded sandstone horizon of lower Rome 
Formation, [b ] (Box 280: 2634-2639 f t ) Cataclast l tes (2) associated 
wi th fau l t s w i th in calcareous mudstones and s l l ts tones of upper 
Moccasin Formation. 



s imi lar to the bedding p lane-paral le l fau l ts discussed previously 

(Figs. 19 and 24) 

The breccia zones are of variable thickness (0.1 to 5 m) and range 

from s l i gh t brecclat lon and d isrupt ion of bedding pat terns, to 

complete disrupt ion and disaggregation of the rock that 1s accompanied 

by ca tac las t l te and mylonlte formation (F1g. 22). The pr inc ipa l 

Copper Creek f au l t In terva l 1s a breccia zone 6 m th ick where the 

calcareous s l l ts tones and mlcr l tes of the Moccasin Formation have been 

reduced to a so f t , f r i a b l e , highly al tered and bleached, 

unconsolidated mud (F1g. 25). Stockdale (1951) reports s imi lar 2- to 

6-m-th1ck, highly brecclated and disaggregated zones at the bottom of 

the Copper Creek f a u l t block elsewhere 1n the Oak Ridge v i c i n i t y . 

The breccias and mylonltes of the Copper Creek f a u l t zone represent 

In tervals where very large amounts of s t ra in have been accommodated 

during thrust movement. Such In te rva ls , together wi th the numerous 

fau l ts throughout the lower Interval of the Rome Formation, account 

for an undoubtedly large but s t i l l unkown amount of change 1n the 

s t ra t ig raph ic thickness of the Rome Formation. 

6. SUMMARY 

The strat igraphy of the Conasauga Group 1n Melton Valley Is 

complex. In s impl i f ied terms, the strata of the group represent three 

clast1c-to-carbonate cycles (F1g. 3) . This s t r a t i f i c a t i o n pattern 1s 

character is t ic of the central phase of the Conasauga Group throughout 

east Tennessee (Rodgers 1953; Hasson and Haase 1985). The Oak Ridge 

l o c a l i t y 1s on the western margin of th is phase and 1s at a point 
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F1g. 25. Main trace of Copper Creek f au l t w i th in upper Moccasin 
Formation. Core rows are 0.76 m (2.5 f t ) long and s t ra t ig raph ic top 
1s l e f t . (Boxes 286-289: 2685-2718 f t ) Moccasin Formation consists of 
wavy to l e n t l c u l a r l y bedded m lc r l t e and calcarenl te (1) Interbedded 
wi th calcareous mudstone (2 ) . Within the 2702- to 2712-ft I n t e r va l , 
th rus t f a u l t movement has produced high s ta in zone marked by 
development of f r i a b l e and severely a l tered gouge (3 ) . 
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where the group 1s undergoing very pronounced l l t ho l og l c changes, 

marked by the disappearance of the lower and middle carbonate 

formations ( the Rutledge and Maryvl l le limestones, F1g. 26). 

Regionally, along the Copper Creek f a u l t block 1n east Tennessee, 

there 1s a southwestward trend of c las t i c enrichment that 1s 

accompanied by a gradual th inning of the group (F1g. 26). The complex 

l l t h o l o g l c sequences described for the study l o c a l i t y are the resu l t 

of the paleogeographlc se t t ing that was a landward margin of an 

In t rashel f basin (Hasson and Kaase 1985). 



(M.-OM U-TOBR 

ROME FORMATION 
r.WLt MUDSTONF 
AND SANDS I?' 

Fig. 26. Cross section along Copper fau l t block 1n east Tenn-- c. 
I l l u s t r a t i n g regional thickness and strat igraphic variat ions in 
Conasauga Group. Local i ty No. 27 1s borehole ORNL-JOY No. 2; other 
l oca l i t i es are surface exposures (see Hasson and Haase 1985: Tables 1 
and 2 and F1gs. 6 - 8) . 
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SYMBOL KEY 

ORNL-DWG 83-12596 
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• BLACK: N2 TO N1; ALSO ALL 
HUES WITH VALUE 2.5 OR LESS 
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10R ®/3 TO * /8 
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I TO ' /8 

GRAY T( 
TO 3 / . . ; 
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TO GRAY-GREEN: 6GY 8 / . . 
10GY; 5G * / l TO • /« 
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TO * /2; I OR ' / I TO * /2 
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I I GRAY TO TAN: 5YR 8 / . . TO 6 / . . ; 
10YR 8 / . . TO 6 / . . ; 5YR # / l 
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THE RANGE 3 TO 8 

• REPRESENTS CHROMAS WITHIN 
THE RANGE 1 TO 6 

STRUCTURES 
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F1g. A2. Symbol key for llthologlc log of ORNL JOY No. 2. 
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