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ABSTRACT
! formation

The late Early Cambrian Rome Formation is the ol
that is exposed widely across the Valley and Ridge Province. It is
brought to the surface by major thrust faults, and in many cases is tovo-
graphically the highest posed formation; consequently, the bottom and
the top of the Rome are usually missing. Nowhere is a comple section
of the Rome Formation expocsed except in northeast Tennessee.
The Reme is a heterogeneocus for ion of red, marcon, brown and
green colored sandstone, siltstone and shale and local heds of gray lime-
stcne and dolomite, @il of which vary greatly in proportion aud distribu-
tion througheuat the formstion. Sandstone and siltstene predomiuate in
the northwestern bzlits of the Appaiachian Valley with lesser amouats of
shale and carbonates, while to the southeast shaies predominate and cor-
bonates mzke up approximately half of the formation, thues indicat a
western source for the Rome sedimevts. This iz confirmes by ~lastic ratios,
and paleocurcent measurements of cross-bedding and ripole marks in the
studyv area.
A strikiag ature of the Rome Formation is the abundsuce cof wrimary
sedimentary and organic structures. Sedimentary structurces which point to
a tidal £lat rtype of environment are: wmmd cracks, nalite crystal casts,
ripple marks, rain prints, tidal balls, current laminatica, rippl aning
tio flaser and lenticular bedding. Blogenic sedimentary structures are
fourd throughout the fermation of which the wost important envivonmencal In-
dicetors are $coveria {supratidal), Skclithos (beach) zud truziana (Sopra-
tidal to subtidai). Cruzisna in (he Reme Porwaticn does not fit Seilacho:
modal in which is confiaed te the sudtidal zone.
iii



Evidence from the Rome sediments indicates that they were
deposited in the following envirounments: supratidal, mud tlat, mixed
flat, sandflat, tidal flat gullies, lagcor and oolite shoals. The gen-
eral coarsening upward in the Rome indicates a general transgressive
sequence. The transgressive and regressive phases within the Rome sec-
tions can bte correlated across strike.

Previous studies of the Rome have indicated that the formation is
difficult to correlate due to the scarcity of fogsils and absence cf

marker beds. The present study indicates that there are marker beds at

J

the top of the formation and that the Rome can be correlated easily for
a distance of 40 km along Pine Ridge 2nd for lesser distances along other

ridges. Across strike the formation can be correlated with difficulty
cver a palinspastic distance of 105 km by utilizing the oclite and
Skolithos zcnes as markers.

The Pumpkin Yaliey Shale which is Middle Cawbrizn in age is a
facies ecquivalent of th2 upper Rowe, while the top cf the Shady Dolomite
is a facies equivalent of the lower part of the Rome. Thus the Rome is
of late Early Cambrian age in the Appalachian Valley anc probably Middle
Cambrien in the subsurface in central Tennessee where it lies noncounlorm-
ably over tne Precambrian basement. The sea advanced over the craton
in the present pcsition of the Appalachian Vallev during Rome time.

The craton had been previously penerlzined and deeply wearthered in a

m1

tropical to subtropical climate. The weathered products were transported

and deposited in the Rome sea and tidal flats.



TABLE OF CONTENTS

CHAPTER PAGE

I, INTRODUCTION . . & v &« v 4 v v v s 4 « o« o o o 5 o s x s s o 1
Purpose cf Investigation 1
Geologic Setting 1
Distribution of the Reme Within the Appalachian Valley 7
Description of Study Area 8
Rome Qutcrops 11
Structure 14
Previous Work 17

II. MATERIALS AND TECHNIQUES . . . . .+ ¢ v v v v o « v v = « o « 27
Introduction 27
Field Anaiysis 27
Sanipling Methods 28
Microscopic Investigations 30

ITI. LITHCLOGY OF THE ROME FORMATION . . . . v +« & & + + & » « » 31

General Characteristics 31
Characteristic Colors 32
Bedding Characteristics 33
Thin Section Bescription 36
Introduction 36
Sandstoene 37
Grain Size 37
Texture 37
Mineralegy 39
Sedimentary Structures 42
Biogenic Structures 44
Siltstone 44
Ceonglomerate hé
Carbouate Rocks 46
Introduction 46
Iintraclasts 4o
Pellers 43
Qolires 48
Fossils 49
Litheoclasts 49
Glauconite 51
Sedimentary Structures 31
Biogenic Structures 51
Diagenesis 52

IV, TIHORGANIC SERIMENTARY STRUCTURES . . . . . . . . « + « . + . 55

Intreduction 55
Mud Cracks 55
Halite Crystal Casts 57



CHAPTER

Ripple Marks

Rain Prints

Tidal Balls
Cross—-Bedding
Rippie Laminae
Current Laminations
Scour and Fill
Flute and Groove Casts
Load Casts

Vugs

Birdseyes

V. DBIOGENIC SIDIMENTARY STRUCTURES IN TilE RCME FORMATION
Introduction
Planolites

Fecal Pellets
Phycodes
Bergaucria
Scoyenia
.Cruziaﬂ;ffacies
Diplichnites
Dimorphichnus
Moncomorphichnus
Rusophycus
Cruziana
Ichnofacies Model in the Rome
Conclusions

VI. ENVIRONMENTS OF DLPOSITION IN THE ECME
Introduction
Supratidal Environment
Tidal Flat Environment
Mud Flat
Mixed Flat

Sand Flat
Tidal Tlat Gullies
Lagoon

Oolite Shoals
Horizontal znd Vertical Sequences in the Rome
Introduction
Fine Ridge Belt
Bullrun Ridge Belt
Beaver Ridge Crippen Gap (CG)
Sharp Gap (SG)
Porterfield Gap (PC)
Correlation of Transgrescsive and Regressive Sequences

- o

vi

PAGE

60
60
62
62
64
65
68
74
75
75
75

78
78
81
81
81
85
85
87
87
90
90
92
92
92
26
101
105

1G9
109
111
114
116
119
121
122
126
129
133
133
135
137
139
139
141
144



vii
CHAPTER PAGE

VII. CORRELATION OF THE ROME FORMATION . . . . « & « « « o « » o 149

Introduction 149
Pine Ridge Belt 149
Bullrun Ridge Belt 151
Beaver Ridge Belt 155
Sharp Ridge Belt 155
Bays Mountain Belt 156
Correlation of the Rome AcCross Strike 156
Age and Relationship to Other Formations 157
Introduction 157
Rome - Conasauga Relationship 159
Age of the Reme 160
Rome - Shady Relationship 161
VIII. PALECGECGRAPLY . © «v v © v v v v 4 o o v v s o « o o« o« » » 164
Source cf the Rome Sediments 164
Faleotopography 175
Climate 179
Thickness of the Rowme rformation 180

IX. EPOSITIONAL HISTORY . « & v & & o & o o &« & o & » + « « « . 183
X. SUMMARY AND CONCLUSIONS . .« ¢ v + v o+ » & o o o & o « « . 187
LIST OF REFERENCES . . . & v v v v v v v v e s o w w o v e e 0w w191
APPENDIX & v v v v v v e v e e e e e e e e e e e e e e e e e e e s 200

RN X )



10.

LIST OF TABLES

Detailed location of Rome Exposures in the study area
Names applied to the Rome Lithology in the Appalachians

Relative scale of grain size terminclogy

Relative scale of bedding terminology . . . . . . . . . .
List of Rome Faunas collected from four areas. Compiled
with modificatiens from Wecadward (1929), Ressear (i93R),

Butts (1940}, Rodgers and Kent (i948) e .
1ite wh
For mor

b“

qequenc of u

Ridge belt.

3

ch can be traced along the Pine
detail see Appendix

\

3y

Px

- . . . . .

Correlated unics in the Bullrun Ridge belt. For more
detail see Appendix
Correlated Skolithos and colite zones in the Kome
Formation across strike e e e e e e e e e
Cross-bedding and ripple marks current directions in

the study area | | | | . . ... 0000000
hale and clastic ratios of thlie Reme Formation in

and-s
st Tennessee and southwest Virginia

5
Ea

- . B - 2 . " .

viii

PAGE

12

21

29

79

150



FIGURE

10.

11.

13.

LIST OF FIGURES

Distribution of the Rome Formation in East Tennessee . . . .

The Valley and Ridge Province with adjacent provinces
in the eastern United States . . « ¢« « v v « o + « « o o o

Cross—secticn of the Valley and Ridge Province in
Tennessee .« . ¢ ¢ ¢ 4 v v v v e e e e e v e e e e e e e

Correlation and facies relationship of Cambrian rocks in
Tennessee . . ¢ ¢ ¢ v ¢ v v et e e e e e e e e e e e e .

Rome exposures in study area . . « ¢ « « « v « o o 0 o« e .

Lenticles of siltstone and very fine

rained sandstene in
darker colomite beds at Pine Ridge I-75

e
=)
p
I

. . . . . . . . . .

Photomicrograph of well sorted coarse grained sandstone,
from Pine Ridge I-75, unit 131, transmicted light, 10X .

Fhotemicrograph of poorly sorted sandstone with ircn oxide
matrix, Sharp Gap, unit 11, transmitted light, 10X . . . . .

Photemicrogreph of iron oxide concentrated in laminae, with
a burrcw in the center filled with ivron oxide«, Sharp Cap,
unit 10, transmitted light, 4X . . . . . . . . . . . . . . .
Photomicrograph of hematitic pebbles and granules showing
micro cross laminae in large pebbles at the ttom in a
matrix of very fine-grained sandstone, Youag Cre ek, unit 30,
transmitted light, 4X . . . . ¢« « ¢ v o v o v 0 e e e e e

Photomicrograph of burrows (B) disturbing very fine-grained
sandstone laminae, the dark material i< probably carbenaceous
matter, Nelson Branch, unit 16, transmitted lignt, 4X . .

Photomicrograph of hematitic granules and pebbles (black) in
a matrix of very fine-to coarse-grained scndstone (vhite);
large dolomite intraclasts at the top (gray), Cripoen Cap,
unit 25, transmitted light, 4X . . . . . . « « .+ + ¢ o o . .

Photomicrograph of biosparite showing long trilobite
fragments, subrounded iuntraclasts ("rav) and superficial
ooids in a sparry calcite matrix, Pine Ridge I-75, unit

118, transmitted lignt, 10X o . . « « « o o o o v o o o . .

ix

PAGE

41

43

45

47

50



FIGURE
14. Photomicrograpnh of siltstone lenticles in current laminated
dolomite, Nelson Branch, unit 17, transmitted light, 4X . .
15. Photomicrograph of burrows filled with siltstone (white)
pelmicritic dolomite (gray), Nelson Branch, unit 16,
transmitted light, 4X .+« .« + « v v &« v v v 0 e v e e e e e
16. Photomicrograph of disturbed laminae inside a burrow in
laminated dolcmite, Pine Ridge I-75, unit 86,
transmitted light, 4X . . . ¢ ¢« v & ¢« « 0 v 00 e e e e .
17. Photomicrograph of dolomitic limestone, intrasparry lime-
stone (dark) replaced by well crystalized dolemite (white),
Pine Ridge I-75, unit 90, transmitted light, 25X . . . . . .
18. Photomicregraph of dizgenesis in oolites, very fine sparry
dolomite in ooids, coarse esparry dolomite in matrix, Sharp
Gap, unit 8, =zransmitted light, 25X . . . . .+ « « « « « . .
19. Large mud crack polygons, Porterfield Gap, unit 63,
scale 15 cm. I0Ng + . v v v h e e e e e e e e e e e e
20. Small mud crack polygens, Perterfield Gap, unit 63, each
unit on hammer is 2 cm. long . . . « « .+ « « o . . . o . ..
21. Halite crystal casts in grayish red, very thin bedded
siltstone, Oax Ridee, unit 27, cm. scale e e e e e e e .
22. ilalite crystal casts in grayish red, very fine grained,
very thin bedded sandstone, Perteviieid Gap, unit 3,
Clil. scale . . vt e e e e e e e e e e e e e e e e e e
23. lain prints, Porterfield Gap, unit 63, cm. scale . . . . . .
24, Tidal balls from Diggs Gap, unit 11, cm. scale . . . . . . .
25. Photomicrograph of ripple laminae in the middle with
disturbed current laminations below and abcve in gravish
red very fine grained sandstone, Pine Ridge, unit 51,
transmitted light, 4X .+ ¢ « v v v v o v v v e e e e e e e .
26. Photomicrograph of current laminations in silty very fine
sparry dclomite, Porterfield Gap, unit 57, transmitted
light, 4X . . © v v v v v v e e e e e e e e e e e e e
27. Photomicrograph of alternate glauconite (gray) and sandstene

laminae (white) with intervening iron oxide laminae (black),

Pine Ridge I-75, unit 104, tranemitied light, 23X . . . . .

53

54

56

56

I
O

59

61

63

66

67

59



FIGURE PAGE

28. Photomicrograph of current lamination in silty dolomite
pelsparite with micro cross laminae and scour and fill
structures at the top, Sharp Cap, unit 7, transmitted
light, 4X . « & v « v ¢« v v v o o v e e e e e e e e e s e 70

29. Photomicrograph of scour and fill structure in current
laminated, silty dolomitic pelsparite. A large scour at
the bottom with an intraclast and two small ones in the
middle, Sharp Gap, unit 7, transmitted light, 4X e e e 71

30. Photomicrograph of scour and fill structure in current
laminated gravish red very fine grained sandstone, Oak
Ridge, unit 3§, transmitted light, 4X . . . . « .+ « « . . . 72

31. Photomicrograph of scour and {ill structure in silcy
dolomitic pelsparite with micro cross lamivnese, Sharp Gap,
unit 7, transmitted light, 4X . . . « ¢« ¢ ¢ ¢ o . v v e e . 72

32. Photomicrougraph of intraclastic limestone with a scour
surface at the bottom, Young Creek, unit 10, transmitted
Tight, X « « « v v v v 0 e e e e e e e e e e e e e e e 73

33. Photomicrcgraph ef birdeseye structure surrounded by crinkly
wavy algal laminae, Pine Ridge 1-75, unit &6, transmitted
light, 25X o e v e e e e e e e e e e e e e e e e 77

34. Plannlites, Young Creek, unit 8, cm. scale . . . « . . . . . 82
35. Straight Planclites, Nelson Branch, unit 19, cm. sczle N 82

36. Fecal pellets, Porterfield Gap, cm. scale « « « + » + « + & 83

37. Sinusites, Porterfield Gap, unit 20, natural size . . . . . 84
38. Phycodes and Rusophycus on the same bedding plane, Dug

Ridge, unit 28 ek e e e e e e e e e e e e e e e e e e 86
39. Bergaueria, Crippen Gap, unit 35, cm. scale . . . . . . . . 86

40. Empty Skolithos tubes, Crippen Gap, unit 31, cm. scale - 89

41. Skolithos tubes filled with grayish red siltstone, Crippen

Gap, unit 31, cm. scale . . v v 4 h e e e e e e e e s e 89

42. A line copy of Diplichrites from a phetograph. Gample is
EXE A

frem Shipe Read, Sharp Ridge about le km. NE ef Knoxville . . 91

from Shipe Road, Sharp fidge, about 16 k.

43, Diwmorphi
NE of RKroxvitle, cm. scale « v v v v v v v v v v e e e e . 93



.

.

-

.

-

.

*

»

.

.

.

FIGURE

44. Monomorphichnus, Nelson Branch, unit 19, cm. scale

45. Rusophycus, Pcrterfield Gap, top of unit 59, cm, scale

4b. Graph of length against width for Rusophycus {rom all
the Rome outcrops in the studv area . . . . . . . .

47. Procline resting tracks, Porterfield Gap, top of unit 59,
cm. Scale .« . v v e v e e e e e e e e e e e e e

48. Cruziana, Dug Ridge, unit 25, cm. scale . . . . . .

49. Mud cracks cutting across Cruziana, Nelson Branch, unit
10, cm. scale . ¢ © ¢ v i 0 h e e e e e e e e e e

50. Crowded and criss crossing Cruziana, Diggs Gap, unit
cm. scale .. L L a e s e e e e e e s e e e e

51. DbBathymetric sequence of trace fossil communities in space

52. Bathymetric sequence of trace fossil communities in space in
the Rome Formation . . . . . .+ + « & « o o o v o «

53. Block diagram showing the postulated environments of trace
fossils during Reme time in East Tennessee . . . . .

54. Size frequency histograms for Cruziana and Ruscphvcus frem
the different Rome selts in the studv area e e e .

55. Size frequency histogram for Cruziana and Rusophycus
all outcrops of the Rome in the study area o e e .

56. Postulated sedimentary environments in the Rome, and a
transgressive sequeénce with lenses of carbconate rocks
depcsited in supratidal, intertidal and subtidal
ENVITOOMANTS o v v v 4 o v v v o+ a4 s v e e e e s

57. Photowicrougraph of mud crack polygon fragma ts and small
intraclasts, made up of micrite, algal laminae at the
bottom in dolomitic pelsparite, Sharp Cap, unit 8,
transmitted lTioht, 4X . o . .+« o o o 0 . o ..

58. Completely bioturbated red bed from the PR section with
Planoclites and trilobite tracks . . . . . . . . . .

59. TInciined layers of clean quartz sandstone (light) and

glauconitic sandstone (gray) with red mud (dark gray)
representing a channel {111, from Oak Ridge, unit 58,
cm. scale o0 L. 0 L L 0 L e e e e e e e e e e e e

.

.

xii

PAGE

94

94

95

57

97

99

o
N

163

104

-
—
(€8]

118

124



FIGURE

60.

61.

62.

63.

64.

65.

66.

67.

68.

71.

72.

Photomicrograph of channel fill showing trilobite
fragments, intraclasts hematitic pebbles and cecarse quartz
in a sparry dolomite matrix, Shooks Gap, unit 32,
transmitted light, 25X . . .« . v ¢ « v v ¢ o v e e a4 e s

Photomicrograph of channel fill showing superficial ooids,
intraclasts, hematitic pebbles, coarse quartz in a sparry
dolomite matrix, Shooks Gap, unit 32, transmitted

light, 25X . + . v v v v v e et e e e e e e e e e e e

Photomicrograph of oolites from Porterfield Gap, unit 60,
showing composite ooids, glauccnite pellets, and some
lithonclasts (black), transmitted light, 10‘

‘-.
.
.
.
»
.
.
»

Photomirrograph of oolites with glauconite pellets (black)
with laminated siltstone in the middle abeve z2n erosional
surface, Young Creek, unit 12, trapsmitted light, 4¥ . .

Photomicrograpin of poorly scrted subangular to vounded
intraclasts from Pine Ridge I1-75, unit 118, indicating
tidal flat environment, trausmitted light, 4X . . . . . .
Photomicrograph of well sorted, well rounded intraclasts
from Nelscen Branch, unit 22, indicating lagsconal
environnent, transmitted light, 4X . . . . . . .

Photomicrograph of '"Bahaman-type'" oolites witli glauconite
ellets (black) some form the nuclei of ooids; the oolites

P J \

are delomitized, Pine Ridpe I-~75, unit 12¢, zransmitted

Light, 23X . . .« . v v e vt e e e e e e e e e e e e e

Characteristics of the different environments in the Rome

Transgressive (T) and Regressive (R) sequences in the Pine
Ridge I-75 section . . « v v v v v v v v v v v e w e e e

Transgressive (T) and Regressive (R) sequences in the
Diggs Gap SCeCLIion & v v v v ¢ v v v e e e e e e e e e e

Transgrezsive (T) and Regressive (R) sequences within the
Crippen Gap sCCLIion . v v v v 4 v 4 o o 4 v 4 e e e e e

Transgressive (T) and Regressive (R) sequences within the
Sharp Gap section « « v v ¢ « 4 o 4 o & s o e 4 e v e .

Transgressive (T) and Regressive (R) sequences within the
Porterficld Gap section .+ o o o o o v 4 4 . 0 0 e 0 e e

125

128

[
o
[5¢]

139

138

140

142

145



FIGURE PAGE

73. Ideal vertical sequence of transgressive and regressive
deposits in a tidal flat . . . . « + ¢ « + + + 4« 4 < .« . . . 146

74, Correlation of transgressive and regressive sequences in
the Rome Formation showing a general transgressive
sequence upwards . .« v . 4 4 . 4 4 s e 4 e e e e e e e s .. 143

75. Transported burrow casts, Young Creek, unit 22, 0.5X . . . . 152

76. Palinspastic facies relationships of the Cambrian and
Precambrian rocks in Tennessee and southwest Virginia . . . 163

77. Sand-shale ratio in the Reme Formation . . . . . . . « . . . 168
78. <(Clastic ratio in the Rome Fermation . . . . . « . « « . . . 170

79.

3

nickness-distributicon map for Lower Cambrian . . . . . . . 171

80. Geologic cross—section across the Appalachians from
Indiana to Virginia . . . . « v v v & &« v v 4 4 o« o+ o= . . 173

81. Palecogeographic reconstruction during late Lower Cambrian . 174
82. Isopach map of Lower Cambrian clastic sequeace . . . . . . . 176

83. A. Wells penetrating basement adjusted to sea level;
B. and C. Profiles of the basement . . . . .

.
.
.
-
.
—
~J
~!

84. Tidal flats of the Rome in the late Eorly Czmbrizn . . . . . 178

85. Isopach map cf the Rome Formation in Fast Tennzssse . . . . 182

86. The Appalachian geosyncline . . . . . ¢« + ¢« « + « « « « . . 184



PLATE

Rome Formation

Rome Formatiou

Rome Formation

Rome Formation

Rome Formation

Correlation of

LIST OF PLATES

Pine Ridge Sections .

Bullrun Ridge Sections

Beaver Ridge, Crippen Gap Section

Sharp Ridge Sections
Bays Mountain Sections

the Rome Formation

XV

*

.

*

In

. In

In

In

In

In

PAGE

Pocket

Pocket

Pocket

Pocket

Pocket

Pocket



CHAPTER I

INTRODUCTION

Purpose of Investigation

Objectives cof this investigation are listed as follows: (1) Teo
describe in detail the lithology of the Rome Formation, locate any marker
beds, and, through detailed stratigraphic logging and thin sectioning,
report and expiain lithologic, sedimentary and bicgenic features. (2)

To ectablish the interrelaticnship of the different litholcgies within
the Rome, and to attempt correlation of stratigraphic sections parallel
to and across strike. (3) To determine the nature oi the relationghip
between the Rome, Shady Dolomite, and Pumpkin Valley Shale formaticns.
(4) To reconstruct the environments of deposition with the aid cf sedi-

Y

b+,

entary and biogenic structures in the formation, and, couseguently identi
transgressive and regressive sequences. (5) To determine the scurce and

nd clastiaz

&)

paleocurrent direction of the Rome sediments through sand/shale
ratios, and mecasuremant of cross-bedding and current ripple directions.
(6) Tc draw @ paleoenvironmental model for the Rome {rom ichnofossils and
compare it to Seilachier's ichnofacies mcdel. (7) To describe the

Cambrian paleogeograpiy during the time of deposition of this forwmation.

Geologic Setting

The Lower Cambrian Rome Tormation crops out in the Valley and Ridge

Province, as a series of long, narrow resistant ridges that parallel the



[

generally northeast - southwest regional strike. The area of study
(Figure 1) is part of the Valley of East Tennessee, a subdivision cof the
Valley and Ridge Province that extends from northeast New York State to
central Alabama, a distance of 1920 km (1200 miles) and ranges in width
frem 32 to 120 km (Figure 2). The Valley of East Tennessee, known also

as the Appalachian Valley, is bounded on the east by the Blue Ridge
Province (Figure 2) which is characterized by high rugged mountain topo-
graphy with elevations of up to 1980 m (6,600 feet). The boundary betwean
the Valley and Ridge and 3lue Ridge provinces is a zone of intense ovor-
thrusting and folding in the southern Appalachians. Rocks in the Blue
Ridge range in age from Precambrian to Triassic, znd ceonsist of granites,
schists, gneisses, quartzites, conglomerates, slates, and marbles. o
the west, the Appalachian Valley is bounded by the abrupt escarpment of
the Cumberland Plateau. The Plateau has a dissected undulating surfacc
which is 450 to 1050 m (1500 to 3500 feet) above mean sea level. Plateau
rocks consist of Pemnnsylvanian sandstones, shales, and coal beds, wmainly,
underlain by Mississippian limestones and shales and older Paleozoic
rocks. Strata in this plateau are nearly horizontal, except in the
Sequatchie Valley where rocks have been compressed into well defined
folds.

The boundaries between the three provinces are structural as wcll
as topographic. The relationship between these provinces is that at the
boundaries older rocks are thrust over younger sediments, and from the
Blue Ridge through the Appalachian Valley to the Cumberland Plateau the
exposed sedimentarv rocks becone progressively younger in age. Pre-
cambrian vo Lower Cambrian in the Blue Ridge, Early Cambrian to Pennsyl-

vanlian in the Appalachian Valley and Silurian to fennsylvanian in the
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Cumberland Flateau. Thus there is a facies relationship also between
the three provinces.

The Appalachian Valley is charactrerized by narrow parallel ridges
and somewhat broader northeast - southwest trending intervening valleys.
Elevations of the valley floors and ridge summits decrease progressively
from rortheast to southwest, as streams and rivers draining into the
Tennessee River become mature southwest-ward. Ridges underlain by the
Rome Formaticn are sharp and steep due to the abundance of resistant sand-
stone beds, while rijdges underlain by shales, limestones and dclomites of

-

the Conasauga, Knox and Chicamauga groups are broader and less evtreame
topographically. The ridges range in width from 1 to 3 km and are broken
by water gaps and wind gaps. In the extreme northeasteru part of the
region, the valleys are narrow and range in elevation from 600 to 750 m
(2000 to 2500 feet) above sea levcl, and the ridges stand at elevations
of 1200 to 1250 w (4000 tc 4500 feet). 1In the vicinity of Knoxville, the
valleys vange in elevation f{rom 240 to 300 m (800 to 1000 feet), while
the higher ridzes ar2 330 to 450 m (1100 to 1500 feet) high.
Geologically, the Appalachian Valley is characterized by folded
and howmocclinal thrust sheets. Outcrops of the formations in the Appalachia:
Valley are repeated several times frem scuthieast to northwest in narrew
linear northeast striking belts. This eutcrcp pattern is the result of
folding and faulting of strata in the Late Paleozoic, ft2llowed by the
removal Dy erosion or sometimes persistance of the upper portions of the
resulting structures. The structure of the Appalacnian Valley is charac-

terized by a series of overliapping linear thrust sheets which dip to the

‘heast (Figure 3). Sedimentary rock lavers in the valley are
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unmetamorphosed. These rocks consist mainly of limestones, dolomites
and calcareous shales with abundant arenaceous and argillacecus shales
and sandstones. Rocks exposed are mainly Lower Cambrian to Ordovician
over most of the Valley, except at the northwestern edge where Silurian

to Peansylvanian age rocks are exposed.

»

Distribution of the Rome Within the Appalachian Valley

The Kome YTormation in Tennessee is eupcsed extensively in the
Appalachian Valley (Vigure 1 age 3). Lt is the oldest fermation tnat
B N o 3
crops out in the Valley, but in the belt of mcuntzins %o the cast o
valley it i1z the youngest formation exposed. It 2z found in small fault
slices at the western foot of the Smoky Mountains, but from Bays Meountain
and to the west, the formation underlies the prominent ridges in the

valley. The ridge topography is maintained by the presence of resistont

quartzitic sandéstone layers in the

The baunded cutcrop ttern

el
s8]

is due to thrustc faulting
which brought to the surface thrust sheet afcer thrust sheet in which the
Rome is the cldest formation. In all cases, except in anortheastern

Tennessee, the thrust faults cut through the uvpper hall of the Dome.

Thus nowhere in the valley is the bottom of the fornation exposec. This
fact most prohably indicates that the Rome lies divectly on the Precambrion

baserment ir the Vallev and Ridge Province in Tennessee, hecavsz the base-
ment is not believed to be involved in this deformation. o deep wells
have penetrated the vaserent in this region to praove this peint, but in
Central Tennessee and Kentucky, the Reme immedliately overlies the besement

in the suby

¢
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face (llarris, 1964).



The stratigraphic position of the Rome is above the Shady
Dolomite, the Precambrian basement, and under the Pumpkin Valley Shale
(Figure 4). 1In northeast Tennessee, where the only continucus section
of the Rome is found at Valley Forge, the Rome Formation is everlein by
the Honaker Dolomite (Plate 6). (All plates are in pocket.) In the
Appalachian Valley, the resistant and steeply dipping beds of the Rome

are topographically the highest beds in a ridge, while the Pumpkin Valley

Shale is found at the down-dip of the ridges or in the valleyvs, heunce the
top of the Rome is sometimes ercded or coverad. The exact thickness of

the Rome in the valley is not known, but deep basement wells in Central

Tennessee and Kentucky indicate that the Rome thins and wedges out westward

Description of Study Area

5

he area of study is in the western part of the Appalachian Valley.

It extends from Lake City in the northwest to Bavs Meountain in the

rye

southeast, and [rom House Mountain in the northe=st to Harviman in the
southwest (Figure 5), an area of 4350 sq km (1700 cquare miles).

This area is characterized by alternating valleys and ridges
whiich strike northeast. The prowminent ridges of the Rome exhibit a
characteristic comby topography. The ridges have an average elevation
of 300 m {1000 fect) above sea level with a relief of 90 to 150 m (300
to 500 feet) zbove the surrcounding valleys. These Rome rvidges, irowm east
to west are: bays Mountain, Sharp Ridge, Beaver Ridge, Bullrun Ridge,
Pine Ridge (east) and Pine Ridge (wesu). The area is drained by the

-

Tennessee River, Clinch River, French Brazod River, the Holston Kiver

and numercus creeks.  These rivers flow parallel to and across the
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ridges forming water gaps through which the highways and railroads vua.
Diggs Gap, Crippen Gap, Sharp Gap and Porterfield Gap are scme of the
water and dry gaps where the Rome Formation 1s exposed.

The clastics and carbonates in the Rome Formation weather
differently, with sandstone, siltstone aud shale beds dominating the
residuum and soil which forms a shallow mantle full cf vock chips. The
carbonate rocks weather more deeply, and locally form zones of gravish
orange silty clay with a reddish brown secil layer.

The avea is acceszsible through a network of highways and roads.
Some of the best Rome exposures are along Interstate 40 which runs east -
west and Interstate 75 which runs north - south across the study area.
Most of the outcrops studied are within 40 km (25 miles) of the City of

Knoxville which is near the center of the area.

Rome Outcrops

e

Thirteen gzcticns have been stuadied in detail. The locaticas of

the sections are shown in Figure 5 and Table 1. These outcrops were
chosen aiter the author examined &all the roads that cross Rome ridges

€,

6]
N

in the study area. o Nowme exposures vere found along Pine Ridge (we

while along Pine Ridge (east) only fcur outcrops are well exposed. These

ave atbt Pine Ridge I-75, Clinton, Uak Ridge and Young Creek. The Bullrun

Ridgo belt ofiered more than six cutcrops, the best four of which are

Diggs Gap, Nelson Branch, Pumphouse koad and Dug Ridge. The oniy well

exposed section in Beaver Ridge is at Crippen Gap. Althcugh it exnibits
3 ]

numerous iacomplete or covered sections, Sharp Kidge provides oanly onc

satisfacvery exposura for this fnvestipation, at Sharp Cap. The First



Tzble 1.

Detailed Location of Rome Exposures in the Study Area.

Section County Quagrangle Ceoordinates Thickness Rome /Pumpkin Quality
in Meters Valley Contact
a0 : . o
1. Pine Ridge Anderson  Powell 300 6' 30"N 286 Clear Very good
I-75 (FR) Station g6~ 5'  0"w
2. (lintom Anderson Clinten 560 3' 42 N 53 Covered Poor
(cL) 84° 7' 31'w
. e
3. Cak Ridge Anderson Clinten 36 0 8"N 160 Covered Good
(CR g4t 14" 0"W
4, Young Creek Roane Cave Creek 352 52 29"N 88 Exposed Good
(ve) 84 27"  0O'W
"0 . .
5. Diggs Gap Knox Powell 360 e'  O0"N 107 Exposed Fair
(DG Station g4~ 1' 20"w
z \l Rl -0 " 1
6. Nelscn Branch Anderson  Powell 360 2! 0"N 50 Exposed Poor
) Station 84~ 6' 0"y
e .
7. Tunphouse Anderson  Lovell 36: 538" 30'"N 54 Exposed Poor
Road (PY) 847 13" 0"w
8. Dug Ridge Roane Cave Creek 352 52" o"'N 90 Covered Fair
(LR) 347 25" 0"W
5. Crippeun Gap Knox Fountain 36? 4t 0"N 91 Exposed Good
(CG) City g37 557 30"W




1. (Continued)

Section County Quadrangle Cocrdinates Thickness Rome /Pumpkin Quality
in Meters Valley Contact
10. First Creek Knox Fountain 362 1 15'N 53 Exposed Foor
(FC) City &3 55' 30"W
11. Sharp Gap Knox Knoxville 35? 59" 40"N 78 Exposed Good
(56) 83% 57" 10"W
12. Porterfield Knox/ Boyds Creek 352 55" 0"N 334 Covered Very good
Gap (PG) Sevier 837 43" 10"W
" 13. Shooks Gap Knox/ Shooks Gap 352 53" 0'"N 60 Covered Poor
(SHG) Sevier 837 47' 31'"W

£T
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Creek section in Sharp Ridge is relatively poor. Bays Mountain provides
only two roadcuts, the Porterfield Cap section aud the Shooks Gap section.
No exposures outside the study area were examined because the sections
studied are homogeneously distributed within the area. Published secticns

and bascment well logs outside the area of study were utilized in deter-

inining facies and thickness trends across strike.
Structure _

Several southeastward dipping thrust faults in the scudy wrea
(Figure 1, psge 3) thrust the Rome Formation northwestward. The age of
the faulting in rhe Appalachian Valley is post Peunnsylvanian, as indicated
by the ract that Pennsvlvanian formations at the western edge of the
valley sre fault-involved.

The amount of dip on the Rome beds in the study area varies from
107 to about 900, with the majority of beds dipping at angles botween

0 . - L . s
307 to 507 scuthcastward., The dip is constant in any ope seciion except

)

where there is {olding as in the Clinton, Shooks Cap and Porterfield Gap
sections. Overturned beds due to a combinaticn of thrusting and folding
within the fome Formation are found at the Clinten and Pumpihiouse Road
sections. 7The strike c¢f Rome beds is uniformly rortheastward and varies
within tlhie study area from N40°E to w607E.

The thrust faults that brought the Rome Formation to the surfacc,
are, frow east tc west, the Dunplin Valley, Saltville, Beaver Valley,
Copper Creck, Whiteoak PMountain, Kingston and Chattancoga faults (Iigure
1

i, page 3). The Chattanooga fault brought the Fome inte contact with

rocks ranging Ip zge from the Middle Cembrian Conasaugs Shale to the
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lower Pennsylvanian shale, sandstone and coal beds (Swingle, 1960c).
Thus the stratigraphic throw is 660 to 3000 m (2000 to 10,000 feet),
while the Kingston fault, which brought slices of the Rcme into contact
with the Conassuga Shale and Knex Dolomite, has a stratigraphic displace-
ment of 600 to 1200 m (2600 to 4000 feet). According to Rodgers (1970),
the Kingston fault is an oifshcoot of the Chattanooga fault and the dis-
placements on these faults are of the same order. Horizontal displacement
calculated by the author from structural sections by Swingle (1940c) in
the Lake City Quadrengle indicate that the mininuz movement on these
faults is about 8 ka (5 niles).

Tne Whiteoak Mountain fault thrust the Rome over rocks ranging in
age from Middle Cawbrian to Silurian (Swingle, 1966). The fault trace,
the boetteom of the Rome, and the overthrust formaticns in the exposuras
studied along Pine Ridge (east) are covered. These cutcrops are the
Jeast disturbad by folding or faulting cf all sections exemined except
the Clinton secticon. The stratigraphic throw iz 6060 to 2230 m 2000 to
7500 feet} and the horizontal digplacement according to B. H. Toeder
(1975) is 35 km (22 miles) northwestward.

The Coppcr Creek fault which thrust the Rome over the Middle

N

Ordeovician Chicamauga Limastone, has a stratigraphic throw of abeut 2000

3

m (6030 {eet) and a horizental displacement of 14 km (8.7 miles) (D. M.
Roeder, 1975). The fault in all outcreopz studied along Bullrun Ridge,
. e b oer Fante . ) . e ap®
is a beddinz plane thrust fauvlit which dips at a minimum angle of 30

southeastward. Within the Rome sections there are branches of this fault
that cut turough the formation, complicating the stratigraphy and de-

forming many units, but there is no evidence of repetition ef beds.
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A good example is the Diggs Gap section which has five faults, numercus
fractures and small scale drag folding in some alternate sandstone and
shale units.

At Crippen Cap the Rome Formation is thrust by the Beaver Valley
fault aver the Lower Ordovician Knox Dolomite. Thus the stratigraphic
throw iz about 1800 m (6000 feet) while the horizontal displacement
northwestward is 9 km (5.6 miles) (D. H. Roeder, 1975). The fault plane
separating the Rome from the Kncx Dolomite is sharo aud dips steeply
towards the sputheast. There are two branches of the Beaver Valley fault
within the Rcme Formation, but only the bottom dolomite units are
brecciated and fractured.

At Sharp Ridge the Saltville fault has thrust the Rome northwest-
ward about 34 km (21 miles) (D. H. Roeder, 1975). The rocks below the
fault are of the Lower Ordovician Knox Dolomite, suggesting a strati-
graphic throw of 1800 m (6000 feet). The fault and the cverlying beds
dip stecply tcowurds the southeast. The Saltville fault trace at the

Firs

2 section Is seen as a sharp contact between the Rome and the

4]
rt
[}
=
o
o

Knox, but at Sharp Gap the fault trace is within a 10 meter-wide
hrecciated zone., This faulting has preoduced intense drag felding in
alternatiap sandstone and shale units in the First Creek secticn.

The Dumplin Valley fault thrusts the Rome nortuwestward about 9 km
(5.6 miles) (D, H. Boeder, 1975) over the Lower Ordovician Knox Dolomite
at Shooks Gap and the Middle Camorian Conasauga Shale at Porterfield Gap
(Swingle, 1966). Thus the stratigraphic throw is 360 to 1800 m (1200 to
€000 feet). The favlt trace in both sections is covered as well as the

bottom af the Rome and the overthrust formations. According to Rodgers
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(1953) the Rome at Shooks Gap is thrust over the Knox Dolomite, while
Cattermole (1955) shows the Rome in conformable contact with the under-
lying Shady Dolomite. This exposure is intensely distorted by folding
and faulting with beds dipping from a low angle to nearly vertical. The
Porterfield Gap section is faulted and foleded, and the entire exposure

comprises a large anticline.

Previcus Werk

Manv geclcgic studies conducted in the Appslachian Vallev include
references tc the Rome Formation; however, few orf these studies concen-
trated on the Rome. James Safford (1869) applied the name "Knox Sand-
stone" to the lithology now called Rome as a separite unit forming the
basal part of his Knox Group. Hayes (1891) renamed the formation for

ot

its expusure in Coosa Valley south of Rome, Ceorgia. The exposure he
described became the type locality for the Rome Fermation. Later, in
1894 (a), he suhdivided the formation into an upper "Rowe Shaie' ind
lower "Rome Sandstone." Hayes (1894b, 1894c, 1895) together with Keith
(1895) recognized a unit of shale with no sandstone below the top of the
iower "Rome Sandstone” and called it the "Apison Shale' from exposures
at Apiscon, Hamilton County, Tennessee. Hayes (18%&a) estimated & thick-
ness of 500 to 1200 m (3000 to 4000 feet) for the Rome in the Ringgold
folic. Kedith in his geologic folios (1895, 1896a, 1896b, 18956c¢, 1301,
1903, 1907a, 1507b) mapped the Rome Formation, and applied the term
"Watauga Shale" to the dolomites and red shales overlying the "Shady
Dolemite” as thbe Rome equivalent in northeast Tennessee. Voodward (1929)

suggested keeping the term "Watauga Shale' as a fscies of the Rome
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Formation. Keith (1895) mapped a 91 m (300 feet) dolcmite unit within
the Rome Formation on Bays Mountain as the ''Beaver Limestone" fream its
occurrence in Beaver Ridge north of Knoxville. However, in 1901 he did
not map this unit separately on Beaver Ridge, so the term was abandoned.
Hayes (1902) followed Keith and mistakenly applied the term '"Beavar
Limestone" for the "Shady Dolomite'" in Georgia and Alabama. Smith (1890)
assigned the term '"Montevallo Formation'" to exposures of Rome lithology
in Shelby and Calhoun Counties, in Alabama. Althcugh his nomeuziature

"

preceeded that of Havyes, the widespread use of the teim "Rome' by the
United States Geclogical Survey gave it preference. The term ''Chocnlocco
Shale'" was alsc given to Rome lithology in some publications of the
Alabama Geological Survey (Butts, 1926). M. R. Campbell (1894, 18%7)
applied the name 'Graysonton Formation'" to Rome litholegy in Pulaski and

"Russel

Montgomery Counties in Virginia, but in 1899 he ceined the name
Formation'" for the same lithology in southwest Virginia, and so both of
these terms werz dropped. H. D. Campbell (1905) desigrated the Rome
lithology the "Buena Vista Shale" from their expeosure along the James
River at Buena Vista in west - central Virginia but that term was soon

"Waynesboro Formaticn" te the

abandoned. Stose (1906) applied the name
Rome lithology in Pennsylvania and southward to Roanoke, Virgiaia. This
term is still in use and referred to as the northeast equivalent of the
Rome Fermation. Woodward (1%929) considered the '"Waynesboro' the sctrati-

graphic equivalent ef the Watauga Shale, and claimed that it is possible,

to trace the two formations into each other along their outcrcps in the

t=y
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ol
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The confusion surrounding the nomenclature of the Rome lithology
was probably due to uncertainty concerning the age of the Rome, and to
structural complexities within the Rome and the Appalachian Vallev.
Walcott (1886) illustrated this by assignirg the "Knox Shale" of Safford
to the Upper Cambrian, while the Knox Dolomite was considered Silurian in
age. Although Walcott (1890) considered the QOlenellus zone in the Rome
to be of fFarly Cambrian age, he included the Rome lithology at Bays
Mountain in the Upper Cambrian. Ulrich (1911) was not sure if the forma-

" west of Chilhowee Mcuntairn, wamely

tions underlying the "Rome Sandstone
150 m (500 feet) of the "Beaver Limestong" and, beneath it, 455 m {1500
feet) of the "Apison Shale'" are part of the Chilhowee Series or they are
equivalent to the "Shady Limestone."

Butts (1926) reported that the term "Beaver Limestone' had been

mistakenly applied to the ""Shady Limestone'" in Georgia and Alabama. e

fin

pointed cut that the typical "Beaver Limestone'" at Beaver Ridge, Tennessee

" but was a vounger formation.

was not the same as the "Shady Limestone,
In this case the Beaver Limestone would be part of the Rome Formation.
Butts (1975) estimated the thickness of the Rome in Alabama to be between
379 to 682 m (1250 to 2250 feet), and reported on some trilobite and
brachiopod fossils in the formation from Reme of Alabama. In 1933, Butts
described the Rome lithology in Virginia and reported that 75 percent of
the formatien was either red mudreck or green sericite shale, each in
definite layers from 0.12 to 15 m (1 te 50 feet) thick. The remaining
sandstone commouly eccurs in thin beds, generally fine grained, and red,

brown or green in color. He reported that sandstone beds are more abundant

in the Rome in Tennessee than in the Rome of Virginia.
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Butts (1940) gave a clear picture of the Rome in Virginia. He
showed that the base of the formation is commonly marked by red shaie,
while the top is defined by the contact between the upper most clastic
beds and the succeeding continuous sequence of Rutledge or lMaryville
Limestone, in Scott County, Honaker Dolomite favther northeast, cr Elbrook
Dolomite along the scutheast side of the Appalachian Valley. Butts in-
cluded the upper 60 to 180 m (200 to 600 feet) of the Rome type lithology
in the Rome Tormation although they contain Middle Cambrian fossilis. He
reported that the red shale is the most impressive featurs of the forma-
tion througtout the Appalachian Vailey from Pennsylvania to Alabama. He
included a list cf the characteristic fauna found in the Rome of Virginia
indicating which of the fossils were Early or Middle Cambrian in age.

Woodward (1929) and Resser (1933, 1938) clarified the nomenclature
of the Rome lithology and its equivalents in the appalachians. They de-
scribed the character of the Rome in the sAppalachians and included charac-
teristic fauna found in the Rome. Schuchert (1943) gave a general descrip-
tion of the Nome Feormation and its equivalents in the Appalachians. Nanes
applied to Rome litholrgy are summarized in Table 2.

Fox (1943) distinguished between the Rome and Rutledge formations
at Watts Bar Dam. The Rutledge Formation comprised of uniformly calcareous

sandstone is distinguished by the characteristic fossil Ancrjia pantius,

while the Rome consisting mostly of brick red sandstone and snale with fow
calcareous units.

King et al. (1944) gave a detailed description of the Rome Forma-

tion and rmeasured scctions in northeast Tennessee and southwest Virginia.

They reported the only complote Rome section at Velley Torge in Shady Valley



Table 2. Names Applied tc the Rome Lithology in the Appalachians.

Name Location Author Year
Knox Sandstone Tennessee Safford 1869
Montevallc or Chocclocco Shale Alabama Smith 1890
Rome Formatiocn Georgia llayes 1891
Graysonton Tormation Virginia M. R. Campbell 189¢
Russel Tcrmation Virginia M. R. Campbell 1899
Watauga Shale N.E. Tennessece Keith 1903
Buena Vista Shale Virginia H. D. Campbell 13505
Waynsboro Shale Pennsylvania Stose 1906

and Virginia




with a thickness of 364 m (1200 feet), while an incomplete section at
Damascus, Virginia measured 545 m (1800 feet). The Rome in northeast
Tennessee is underlain by the Shady Dolomite and is overlain by the
Honaker Dclomite, They reported also that one dolemite bed in the Rome
could be traced for five miles in the same belt in Shady Valley. They
recognized that the lower 23 to 30 m (75 to 100 feet) at the base of the
Rome overlying the Shady Dolomite were transition beds composed of silty
and shaly dolomite and dolomitic shale, with a wmassive blue gray dolomite
bed near the middle.

Butts and Gildersleeve (1948) described the Kome Formation in
Georgia as fully cemposed of sandstone and shale with rare thin layers
of limestome. According to them, the lack of definite evidence of repeti-
tion in such well exposed sections as that east of Dalton, and that west
of Oakman, suggest that the thickness of the Rome together with the Apiscon
Shale is abeut 1515 m (5000 feet).

Harvey and tarer (1948) studied the 1litholoagic zad primary
structural features of the Rome in the Valley and Ridge Province. They
concluded that arenaceous and argillaceous sediments are more abundant
in rhe western belts than in the eastern belts. Structural features
assoniated with extremely shallow water and strand lines were found to be
more abundant in the western belts. They suggested that the rain print
hovizon miguat be a good marker bed as it had been found in several Jocali-
ties. Accovrding to them, all the evidence, pointed toward a western
provenance as a source for the detrital material.

Rodgers and Kert (1948) studied the section at Lec Valley in which

155 m (513 fecet) of the Kome were measured and described. They reported
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the presence of an oolitic limestone horizon 53 m (177 feet) below the
top of the formation. In that study they renamed the criginal "'Rome
Shale" of Hayes (1894a), the "Pumpkin Valley Shale". They concluded
that the 109 m (360 feet) of shale overlying the Rome Fermation in the
Lee Valley section, constitutes a readily rccognizable and mappable
lithologic unit. Although this unit has commonly been included in the
Rome, the lithology resembles that of the Conasauga and Nolichucky Shales.,
and bears a fauna indicating an early Middle Cambrian age mere closely
related te that of the overlying Rutledge Limestone. Fodgers (1953) de-
fined tlwz top of the Rome as extending downward from the highest prominent
sandstone beds below the Conasauga Shale, while the base cof the formation
is usually concealed by faulting, except at Stony Creek (northeast Tennes-
see) where a complete section exists. According te him, the base ef the
Rome in ncortheast Tennessee is drawn beneath the lowest red shale, althougn
yellow or bleck shale interbedded with massive dolomite may eccur as rmwuch
as 30 m (100 feet) lower.

Cattermole (1955, 58, 60, 66) mapped and described the Rome
Formation in the Shooks Gap, Knoxville, Bearden and Fountain City quad-
rangles. He reported that the Reme in Shooks Gap is about 455 m (1,500
feet) thuick, and that it is in cenformable contact with the Shady Dolomite.
Recent USGS maps do not shiow such contact but instecad show the base of the
Rome cut by the Dumplin Valley Fault (Swingle, 1966).

Breoks (1955) studied halite crystal casts found on the lower
bedding plane of fine—-giained sandstones in the Rome Formation at War
Ridge, Grainger County, Tennessee. He concluded that the crystal imprints

in the arpillacceous sediments probably formed in small pools on mud flats.
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He pointed out that this is not necessarily an indication of supersalinicy
in the Rome Seca or proof of an arid climate.

Bridge (1956) described the Rome in the Mascot - Jefferscn City
district as comnsisting largely of thick rusty sandstones below and
arenaceous varicclored shales above. Yellow, orange and maroon tones are
prominent in the shale, but the highest beds are mostly greenish which
appear to correspond to the Pumpkin Valley Shale. He estimated the thick-
ness of the Rome in that area to be around 303 m (100C feet). King and
Ferguson (1260) reported that most of the iron and manganese deposits in
the Rome Formation occur in the residuum of the thick dclomite bteds. They
indicated that the contacts of the Rome with the underlying Shady Dolomite
and the overlying Honaker Dolcmite are gradationzl.

Woodward (1961) basing his study of the southeastern Appalachian
interior plateau on 160 deen wells, found tremendous thickness of the Rome
in the subsurface of Virginia. He suggested that the Rome sediments were
deposited in a delia or {an-like deposition. Spigai (1963) did a Master's
thesis on the Tlome Formation. His work consisted of detailed exemination
of threce exposures in the Valley and Ridge Province in Temnessee. The sec=-
ticns he measured are at Beaver Ridge, Inox County, Log Mountain, Grainger
County and Dug Ridge, Roane County. He included a detailed description of
primary structures found in the Rome, a grain size analysis, and also
analyzed the jron uvside and heavy mineral content. He was not able to
find any marker beds in the sections he studied.

Swingle (1960a, 60b, 60c, 64a, b4b, 64c, 67a, 67b) mapped the
lome in several localities in East Tennessee. He described the formation
as consicting of ghale, siltstone and sandstone with beds of gray lime-

stene near the bagse. The shale is described as variegated, reddish and
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greenish, micaceous and generally arenaceous. Siltstone layers as much
as a few inches thick are medium gray, in part glauconitic. The sand-
stone beds are generally fine-grained, thin to medium badded and as wmuch
as 0.60 m (2 feet) thick. He reported that the formation is characterized
by an abundance of ripple marks, mud cracks, ancd irregularly oriented
bedding plane markings. He estimated the thickness of the Rome in the
Evensvilie quadrangle to be around 303 m (1000 feet). Finlayson (1964a.

n Tennessee in the Maynavdville, White

s

64b, 65) mapped the Rome Formation

Hollow and Jeppa quadrangles. lils description of the Rome lithology is
similar to that of Swingle., He estinmated the thickness of the formation
in those areas to be around 303 m (1000 feet).

Harris (1964) based on the study of Rome cores in central Kentuclky
and Conasauga and Rome exposures in northeastern Tennessee, concluded that
sandstone of the Rome in central Kentucky is by lateral gradation a facies
equivalent of epprexirately the lower half of the Conasauga Group of
northeastern Teunesscee. He claimed that the Rems probably ranges in age
from Early Cambrian in eastern Tennessee to iddle Cambrian in Central
Kentucky. Palmer (1970) gave a brief description of the Rome lithelogy,
its asseciation with thrust faults, estimated thickness and depositional
environment in the Appalachian Valley. He follnwed the conclusion of
others that the Rome is of Early Cambrian age depending on the precence
of olenellid trilobites.

Mixon and Harris (1971) mapped the Rome on the Swan Island quad-
rangle, describing the lithology as consisting mainly of shale, siltstone,
and sandstone, with 18 m (60 feet) of medium bedded, dark-gray dolemite
cluse te bottom. They reported that the exposed thickness in that area

is between 115 to 182 m (380 to €00 feet). McLaughlin (1973) dealing



with the biostratigraphy and stratigraphy of Knox County aad vicinity,
reported that trilobites of Cambrian age in the Appalachian Valley, when
compared with known ranges of some restricted Cambrian geunera appear to
be at variance with the interpretation of the sedimentary units identi-
fied with the collection site. He believes that

. + + . parts of the Shady, Rome and Conasauga are time related
across the lower to Upper Cambrian {at least to Dresbachian]
stratigraphic interval. . . . The Inter-relationship of the
Pumpkin Valley Shzle with the Rome below and the Rutledge and
Nolichucky formations above c¢an be establicsned on bicstraci-
graphic evidence through mutual sharing cof aloki bLOL‘rld
trilobites and because the range of the genus Solecnopleurelia

‘o

is confined to Middle Cambrian.
As to the age of the Rome Formation, Mclauchlia stzted that,

. + + o to treat the Rome Fermation as exclusively Early
Cambrian in age requires e tanding the Middle Cambrian ranges of
three orders of tr*‘“?ltes, ell establishecd on a worldwide
basis. 9n the cther hand, to regard the Rowe ag euntirely
Middie Cambrian in age would amcunt to an evean more unlikely
extension of tha range of Ulenellus, and ancther Nome associate
from Virginia to Llabgma, ArchacsvvaLru:, fixed in Zarly
Cambrioern time the world over




CHAPTER II

MATERIALS AND TECHNIQUES

Introduction

In order to study the lithology, facies relationships and
environments of deposition of the Rome Formation, thirteen stratigraphic
sections were studied along and across the strike of the Rome ridges.
Gaps and read cuts acrnss those ridges determined the location ui the

outcrops which are fairiy equally spaced along strike (Figure 5, page 10).

Field Analvais

The vertical extent of the Rome Formation at each outcrop was
determined by locating the bottom of the formation, marked by a thrust
fault, and the upper contact with the Pumpkin Valley Shale, marked by the
highest prominent sandstone bed below the Conasauge Shale (Rodgers and
Kent, 1948). in eightr of the thirteen sections the Rome - Pumpkin Valley
contact was expesed, but in the remainder the top of the Rome is covered.
Each measured section was divided into rock-units which were marked with
paint and then numbered from the bottom upwards. A unit is defined here
as one bed or several beds which have distinctive characteristics such as
color, lithology, texture and bed thickness that distinguish it from the
sequences immediately above and below. Units were designed to aid in
correlation of the Rome parallel to and across strike. Some units were
designated as oolite or Skolithos zones because those features are
prominent in the Rome {ormation, and are not repeated within the same
section. The units were measured with a 200 inch steel tape. The
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Geological Society of Awerica Rock Color Chart (1963) was used to describe
the fresh and weathered rock surface colors. Grain size was determined in
the field by using a 10X hand lens and the grade scale (Table 3) which is
a modification of the Wentworth Scale. Bedding thickness terminology
(Table 4) is a modification of the bedding thickness classifications of
McKee and Weir (1953) and Ingram (1954). The terms flaser, lenticular and
wavy bedding follow the definitions of Reineck and Wunderlich (1988).

Additional bedding terms are included in the Appencix.

Sampling Methcds

About 300 terrigenous clastic and carbonate rock samples were col-
lected from the Rome sections. Most of the samples were taken from the
following exposures: Pine Ridge I-75, Digzgs Gap, Crippen Gap, Sharp Gap
and Shooks Gep. Units from which samples were taken are marked with an
asterisk in the Appendiz. Due to the large number of units in the strati-
graphic secticons, samples were collected selectively to aid in the
correlation and interpretation of the environments of deposition. Units
which contain sedimentary structures and trace fossils were sampled for
this purpose. Tach sample was coded in a pregressive sequence and the
stratipraphic up dircction was marked before removing the sample from the
outcrop. 0Of the 300 samples, 190 were thin sectiened and zbout 20 wore
slabbed and polisted. This was done by eliminating those samples which
appeared to be repetitieus of stratigraphically adjacent thin sections.
Rock samples centaining biogenic and sedimentary structures were cellected
and the structures described and identified. Ahout 50 of these sawmples
have been donated to the Department of deological Sciences, University

of Teuanessee,



Table 3. Relative scale of grain size terminology.

Term Diameter in wm.
Granule to boulder 2+
Very Coarse 1 - 2
Coarse /2 - 1
Medium 1/4 - 1/2
Fine 1/8 - 1/4
Very fine! 1/16 - 1/8
silt? 1/256 - 1/16
Clay3 1/256 and less

1 . . . - .

Individual grains just visible to the naked eye.

2 A . s s . - e .
Individual grains distinguished under 10X magnification.

3 e . C . ; e .
Individual grains not distinguished under 10X magnification.

Table 4. Relative sczle of bedding terminology.

Term Thickness in Metric Units
Massive + 180 cm.
Very thick bedded 120 - 180 cm.
Thick bedded 60 - 120 cm.
Medium bedded 15 - 60 cm.
Thin bedded 5 - 15 cm.
Very thin bedded 1 - 5 cm.
Laminated 2 mm. - 1 cm.

Thinly laminated Less than 2 mm.




Microscopic Investigations

.

Petrographic examinations of thin sections were made to supplement
field data, and tc recognize any features which cannot be seen in the
field. Features such as texture, mineralogy, matrix or cement, sedimentary
structures, diagenetic effects and fauna were studied; these features will
be described and discussed in the chapter on lithology. Micrometer measures
of grain sizes were made using the Wentworth Scale, while Powers' Scale
of roundness (1953) was used to determine roundness cof grains. Scrting
was determined by the visual reference of Ccmpton (1962), while the
charts for estimating percentage composition of rocks and sedimeuts of
Terry and Chilingar (1955) helped in estimating percentages. Tolk's
carbonate terminology (1962) was used to describe carbonate samples. The
thin section descriptions and field ebservations served as the basis for

interpretation of environments of deposition, diagenetic effects and

facies relationships within the Rome.



CHAPTER III

LITHOLOGY OF THE ROME FORMATICN

General Characteristics

The Rome Formation is composed predeminantly of sandstone and shale

with occasional beds of gray limestone and dolomite. The color of =zand-

W
Y

stone is variable with the most common coleors being grayish red, Jight

.
4

brownish gray, and greenish gray. They are mestly very fine-grained with
occasional wvery thin to thin bedded, coarse to very coarsa-grainad sand-
stone. Sandstone beds are typically laminated, very thin to medium bedded,
and rarely are they thick bedded. Many of the thin to medium bedded sand-
stenes wedge out in short distances. Glauconitic laminae are usually
common in sandstone beds.

Shale is variegated reddish and greenish, micacecus and generally
arenaccecus. Units consisting solely of shele are rare because the shales
are typicaily intevlaminated with ssndstene. Siltstone layvers zs much as
several centimeters thick are grayish red to greenish gray and in part
glauconitic., The limestone and dolomite beds are geunerally dark to medium
gray in color, medium to thick bedded, silty or sandy with abundant sand-
stone anu siitstone lenticles.

The proportiens of the above lithologies vary greatly along and
across the strike in East Tennessee. Sandstone and siltstone beds wake
up 65 to 30 nercent of the Rome section in westerun belts cof the Appala-
chain Valley. This proportion decreases to 48 perceut at Bays Mcuntain
and 8 pecrrent in novtheast Tennessee. Shales make up a maximoesn of 23
percent in western belts but this percentage increases to about 70
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percent in northeast Tennessee. Limestones in the Rome make up abcut 10
percent of the carbonate rocks while the rest is dolomite. Carbonates in
the western part of the valley make up only 12 percent of the Rome sectiou
but are dominant at Bays Mountain where they constitute 40 percent of the
section. Thus, there is a general increase in the proportion cf shale and
carbonates southeastward, while sandstones and siltstones increase in
proportion northwestward.

To the south in Georgia Resser (1938) desoribed the Rome as a very
heterogeneous formation which is distinguished by its red shale. It coa-
sists of shale, sandztone, calcareous and argillacecus beds, doleudte and
pure blue limestone. To the northeast in Virginia Butts (1Y40) reported
similar characteristics and indicated that red shale is the mest conspicucus
feature of the Rome Formation throughout Virginia. Both of the abeove
authors point out that the proportion of the various lithologies within

the formation vary parallel to and across strike.

Characteristic Culors

The variety of colors in the Rome Formation is one of its most
characteristic features, with reddish, maroon, purple, brownish and
greenish colors predominating. Terrigenous clastic units do not show

1

o]
o]

much change in c r on weathering, but carbonates show a large diiffec-

ence between primary and weathering colovs. Red and marcon colors are
dominant in any Rome exposure, but where thick carbonate units or their
weatherea products are present, brownish yellow cr light orange colors

are comuon, As mentioned earlier, red, brown and green colors charuacterizoe
the Rome can

the Rome Yormation in Temnnessce, Georgia and Virginia. Thus

be recognized by these colors throughout the Valley and Ridge Frovince.
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Red beds in the area of investigation are dominant at the bottom
and middle of the Rome sections. The grayish red sandstones and chales
grade upward and alternate with light brownish gray and greenish gray
sandstone and shale. In most sections red beds become rare to absent
upwards (Sharp Gap, Plate 4).

The red color of shales and sandstones is due to the presence of
disseminated iron oxide which forms the matrix and cement in red sand-
stones. The limonitic cclors in some glauconitic sandeteunss could be
attributed to the altsvation of glauconite into limonite. The dark
greenish gray colors ia sandstone are due to the high percentage of
glauconite in the rock, while the greenish gray ceclor in shales and in
some sandstcnes is more commonly due to the presence of chlorite. The
fresh color of carbonates is dark to light gray due to the common content
of carbonaceous material and clay impurities. These carbonates weather
to browaish or light orange, but when deeply weatliered they become a

dark yellowish ovange silty clay.

Bedding Charccteristics

Bedding types in the Rome Formation range from thinly laminated
shales to nassive dolomites and limestones. King et al. (1944) reportad
that ghaly dolomite peds in northeast Tennessee are generally less than
60 cm (2 feei) thick, but units of wmassive blue-gray dolomite 4.5 to 30
m (15 to 100 feet) thick are present. The thinner shale, siltstone and

dolomite beds of the Rome are probably lenticular, but the thicker silt-

stone avd dolomite beds may have great Jateral extent. According to King

et al. one dolomite bed was traced 8 km (5 miles) parallel to strike. 3Bug

[
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(1940) indicated that dolomite beds in the Rome of Virginia reach a
thickness of 15 to 30 m (50 - 100 feet) while sandstone and siltstone
beds are much thinner. In Georgia, Resser (1938) described tlie Rome as
being made up of red mudrock or green shale, each in discrete layers from
0.30 to 15 m (1l to 50 feet) thick. The dolcmite and limestone units may
individually reach a thickness of 15 m (50 feet).

The thickness of individual beds in the area of investigation
ranges from thinly laminated to very thick bedded. Thinly laminated to
thin bedded 1aysrs, that is beds with a thickness of less than 2 mm to
15 cm, make up 7% percent of the Rome Tormation, medium bedded layers,
about 15 percent, and the remainder, about 10 percent, is made up of thick
to very thick bedded layers. Shale layers are usually thinly laminated,
but where they are silty or sandy, they are laminated to very thin bedded.
Sandstone beds are mainiy laminated to thin bedded with common medium
bedded layers, while thick to very thick bedded sandstone layers are rare.
Carbonates iunterbedded with sandstone and shale are thin to mediuvm bedded,
vut where large units of dolomite and limestone are present, individual
beds are thick to very thick bedded (Pine Ridge I-75 and Porterfield Cap
Plates 1 and 5).

Interlaminated shales and sandstones are dominant throughout the
Rome Formatiur in the study area. Within these interlaminated layers,
flaser and lenticular bedding is common. Lenticular bedding is also seen
in dolomites which have siltstone and sandstone lenticles which are dis-
continucus vertically and horizontally (Figure 6). Thin tc medium bedded
sandstone layers generally wedge out in a disrtance of several meters, to

be replaced laterally by several thin or laminated beds. Thus, these thin



Figure 6. Lenticles of siltstone and very fine grained
sandstone in darker dolomite beds at Pine Ridge
I-75. Scale 1is 15 cm. long.
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to medium bedded layers are of limited lateral extent, but the thick
bedded sandstone layers at the top of the Rome section at Bullrun Ridge
were traced from Diggs Gap toc Pumphouse Road section, a distance cof 20

km (Plate 2).

IV. THIN SECTION DESCRIPTLON

Iintroduction

The purpese of thin section stucy is to cogvlement tield investi-
gation, aid in stratigvaphic correlation and interpretation of eaviron-
ments of depositiecn. Thin sections were intended to reveal gress mineral
compesition, grain size, roundness gredes, degree of sorting, proportion
of clav-size particles in matrix, diagenetic features, primary sedimentary
and organic structures.

Of tlie 190 thin sections prepared, 105 are sandstone, 9 siltstone
and 6 conglemerate, while 70 are carbonates which ave meinly dclomite or
dolomitic limestene. ‘Aitbough carbonates make up about 10 pevcent of the
Rome Formation, the number of carbonate samples investigated represent
more than 35 percent of the samples. This was intended, ®ecause carbonates

forming within the besin of depositien are Letter envirommental indicater

w

than clastic rocks made up of transported sediments.

Volume percentages of ecach of the constituents noted in eacit sample
were determined by using Terry and Chilingar (1953) charts for estimating
percentage composition. About ten measurements were made of every thin
section, and the maximum, minimum and/or average are vepurted here. Powers'
(1953) scale of roundness was used to determine roundness gradez; the

dominaat grade, associated grain size and percentage were noted. Sorting
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was determined by the visual scale of Compton (1962) and by determining
the number of size classes in =2ach thin section. No attempt was made to
study clay mineralogy or clay size matrix constituents in the rocks of the
Rome. These are beyond tlie scope of this study, which is designed mainly
to correlate the stratigraphy and determine environments of deposition on

other basis.

Sandstone

'

Grain size. The dominant grain size in the Rome lormation is very
fine. 1In 80 percent of the thin sections che fins grain size is pre-
dominant. Tn fact, many of the Rome sandstones in the study area referred
to as siltstone in the lieterature are very fine-grained sandstone.

4

Medium grained sandstones are rare and make up less than 6 percent of the

8]
0]

samples, while cosrge to very coarse grained sandstones constitute les

o)

than € perccrt. The matrix of fine sandstones is made up of very fine

wr
rJ

siltstone ani <lay, both of which constiture less than 15 vercent of the

Ui

volume of the samples. Poorly sorted sandstones have a nigher pcrcentage

and clay in the matrix with a maximum of 30 percent
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The matrix «f coarse, well sgorted clean sandstones is made up of silicea

Texture. Individual ¢rains in very fine to fine sandstonos are
. [oe] P
predominantly angular in shape, but roundaess increases with increasing
rain size. The medium and coarse-graired sendatones are subanguiar to
> =] &
well rounded with more than 50 percent of che grains in the subrounded

to rounded range. The flune sandstonces witbout exception are well sorted.

The coarse sandstones (7 percent) are a2lso well sorted {Figure 7) with
(&)



Figure 7. Photomicrograph of well sorted coarse grained
sandstone, from Pine Ridge I-75, unit 131, trans-
mitted 1light, 10X.
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two samples moderately sorted. Fifteen samples out of 105 are poorly
sorted. In these samples the coarse grains constitute a maximum of up
to 30 percent, wut in all of these samples fine-grained particles make

up more Lthan 3@ percent of the sample (Figure 8).

Mineralogy. Quartz is the most abundant mineral in sandstones,
with some clean sandstones entirely made up of this mineral. The per-—
centage of 7uartz drops to €0 percent in some glauconitic sandstones,
but the typical Rome sandstone in the arca of investigation contains
more than 84 percent guartz.

Glauconite is found in 55 percent of the sandstone samples studied.
It constitutes up te 40 percent in some dark greenish gray sandstones, but
in 80 percernit cof the glauconitic sandstones, glauconite wmwakes up 1 to 15
percent of the sandstone. Glauconite is usually concentrated in laminae;
the size of individual grains being equal to, or one size class larger

cearse

O

than «quartz grains with which they are interlaminated. Fince
glauconite grains zare typically subrounded to well rounded with coarse
grains showing a darker green color. In thin section, dark green glauco-
nite pellets exhibit partial alteration to limonite, by the presence of

a brownish limonitic halo surrcounding the dark green center.

Iron oxide, which gives the sandstones of the Rome their red color,
is found as disseminated very fine grains and coatings on quarctz grains
and clay size partictes in the matrix. Tren oxide is usually concentrated
in laminae (igure 9) indicating that it was transported. In 50 percent
of the sandstone samples, iron oxide content ranges from 3 to 15 percent

to a maximum ¢f 30 percent in some samples.



Figure 8. Photomicrograph of poorly sorted sandstone with
iron oxide matrix, Sharp Gap, unit 11, transmitted
light, 10X.
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Figure 9. Photomicrograph of iron oxide concentrated
in laminae, with a burrow in the center filled

with iron oxide, Sharp Gap, unit 10, trans-
mitted light, 4X.
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Feldspar grains with albite and polysynthetic twinning were found
in 40 percent of the samples in very fine-grained sandstone. The randomly
distributed feldspar grains are very fine, angular and, in all cases,
make up less than 1 percent of the sample.

Heavy minerals, primarily zircon, biotite and garnet are rare;
they were seen in only twelve samples out of 105, in very fine-grained
sandstone. Very fine grains of garnet and abraided euhedral crystals of
zircon were fcund to comprise less than 1 percent of each sample. Brownish
biotite lamellae (0.3 mm long) parallel. to laminae, make up 1 tto 3 per-
cent of the samples in which they are fournd.

Hematitic granules and pebbles are comprised of very fine to
coarse angular grains of quartz cemented by hematite. These grains are
black, but in thin section many of them look brcwnish red. The hematite
content in these granules ranges from 30 to 90 percent. The granules
are rounded to well rounded indicating thzat they were transported. Some
of the pebbles are up to 3 cm long, and some show micro-crecss-laminae
(Figure 10). These granules were seen in 10 percent of the sandstone
samples and make up from less than 1 to 40 percent. Generally the granules

are more common in conglomerates.

Sedimentarv structures. Many of the sandstone beds which look

featureless exhibit current laminations and micro cross—laminations in

thin section. Currecnt lamination produced as a result of alternate deposi-
tion of glauconite and saad, or iron oxide and sand, were seen in 40 per-
cent of the 105 sandstone samples, while micro cross—-laminae in 10 percent

¢f the thin sections. Small scale scour and fill structures were observed



Figure 10. Photomicrograph of hematitic pebbles and
granules showing micro cross laminae in large
pebbles at the bottom in a matrix of very fine-
grained sandstone, Young Creek, unit 30, trans-

mitted light, 4X.
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in 3 percent of the thin sections studied. The above structures are

found in grayish red and greenish gray sandstones.

Bicgenic structures. Burrows and bioturbation are the only

evidence of uvrganic life in the sandstone thin sections. The burrows, up
te 0.5 cm wide and up to 1.5 cm long, are usually filled with silt or iron
oxide. They occur in both grayish red and greenish gray very fine—grained
sandstone. In bioturbated samples the laminae ave irregular and disturbed
(Figure 11). Only 10 percent of the sandstone samples examined Lave

burrows, and in most of those samples the burrows dre not abundant.

Siltstone

In the nine siltstone thin sections prepared, quartz is the most
abundant mineral. The grayvish red and grayish orange clay matrix con-
stitutes less than 20 percent in seven thin sections. In the remaining

itutes 15 and

rt

two samples the matvix is wmade up of dolomite which cons
50 percent cf the samples respectively. The content of glauconite found

in four thin sections ranges between 3 to 15 percent, while hematite con-—
tent ranges between 10 to 30 percent in four samples. Current lamination
is more common than cross lamination, the former was found in five samples

while the latter in one sample only.

Conglomerate

Conglomerate is defined here as any clastic sedimentary rock which
has 10 percent or more rounded grains of greater than 2 mm in diameter

(Pettijohin, 1949). Only six samples observed fall in this category; in



Figure 11. Photomicrograph of burrows (B) disturbing
very fine-grained sandstone laminae, the dark
material is probably carbonaceous matter, Nelson
Branch, unit 16, transmitted light, &4X.
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fact, conglomerates make up less than 1 percent of the Rome section,
where they are found in thin to very thin beds. Grain sizes in the
conglomerates matrix range from very fine to very coarse grained
sandstone. Hematitic granules and pebbles are common clasts, constituting
up to 30 percent in some samples, but at Crippen Gap unit 25, hematite

granules and pebbles are intermixed with declomite intraclasts (Figure 12).

Carbonate Rocks

Introducticon

Carbonate rocks in the Rome Formation acccrding to the classifi-
cation of Folk (1962) fall into six main catezories. In order of
decreasing abundance these are: finely to coarsely crystalline dolostone,
intraspavite, pelsparite, oosparite, dolomicrite and biosparite. HMore
than 83 percent of the carbonates are made up of microsparite and very
fine to ccarse sparite, while micrite, found irn 17 percent cf the samples,
comprises less than 10 percent of the rock. In two samples only, micrite
content reaches 30 and 60 percent respectively. As mentioned earlier the
carbonates in the Rome are not pure; siltstone is common in dolostones as
well as limestones. Allochems are common, the most abundant being intra-

clasts. Pellets, ooids and fossils follow in decreasing abundance.

Intraclacts

Intraclasts were found in 17 percent of the samples studied; they
constitute 5 to /0 percent of the rock. Intraclasts composed of microsparite
and very fine sparite, are more common in lirestones than dolostones. They

range in size frem less than 1 mm to 3 cm in length. Most are rounded to



Figure 12. Photomicrograph of hematitic granules and
pebbles (black) in a matrix of very fine-to
coarse-grained sandstone (white); large dolomite
intraclasts at the top (gray), Crippen Gap, unit
- 25, transmitted light, 4X.

47 .



48
well rounded with the large intraclasts showing current laminations.
Many of these intraclasts show a dark rind or coating on the outside

which is probably aigal in origin,

Pellets

Well rounded to oblate pellets up to 0.15 mm in diameter are
concentrated in laminae which alternate with siltstone or micritic lami-

nae. Pellets ware found in 17 percent of tho samples aud constitate 3

)

.

to 70 percent of tire vock. The abzence of fossils or burrows makes it
difficult tc determine their origin, since some pellets might be iantra-

clastic in origin (Folk, 1962).

Oolites

Qolites are found close to the top of the Rome (Plates 1, 4 and
5) in the follswing localities: Pine Ridge 1-75, Cak Ridge, Young Crcek,
Sharp Gap, Shcoks (ap and Portervfield Cap. Samples were taken 2% each
locality.

In all of the above sections the oolites are dolomitized except
at Young Creek. Mature and well sorted ooids resembling the Bahaman
type ooids are found at Pine Ridge I[-75 and Oak Ridge. 0Qoids at these
two sections are up to 2 mm in diameter, and show concentric Jaminae.
Where the nuclei of voids are not recrvstalized, they are clearly micritic.
Ten percent of the nuclei consist of very fine grained glauconite.
Glauconite peilets found in the matrix, are fine to medium grained,
well rounded and make up less than 25 percent of the rock.

In the above two sections ooide make up more than 68 percent of

the rock. In the other sections ooids are not as maturc and do not 2xceed
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0.9 mm in diameter. Glauccnite constitutes less than 10 percent

rocks, and in the oclites at Sharp Gap glauconite is completely absent,
Fossils

Body fossils are rare in the Rome Formation and in the area of
investigation are confined to carbonate rocks. The fossil fragments
recognized are these of trilobites, brachiopods and echinoderms. Only
10 percent of the carbonate samples examined coutasin for.sils and in those,
fossils constitute less than 5 percent of the rock., The most abundant
fragments are trilobites, with brachiopods up to 1 perceut and echinoderm
fragments less than 1 percent of the entire rock sample. Fossil frag-
ments make up more than 30 percent of the rock in a 3 c¢m thick limestone
horizon (PR unit 138). 1In this horizon trilobite fragments (30 percent}
are the most abundant, ®rachiopods up to 3 percent and echinoderm frag-
ments less tﬁan I percent, intraclasts less than 20 nercent, superficial
ooids about 7 pervcent, while the rest of the rock is made up of sparry

calcite matrix (Figure 13).

Lithgplasts

Quartz siltstone is the most abundant terrigenous clastic materiai
in the carbounate rocks. It is found in 65 percent of the samples. 1t

constitutes 3 to 40 percent of the carbonate samples with an avoerage

15 percent. Siltstene is usually concentrated in laminated lenticles,
scme of whichi show graded bedding (Figure 14). lledium to coarse quartz
sand yrains are rvare in carbonates, and, constitute less than 1 percent

in oolites,
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Figure 13. Photomicrograph of biosparite showing long
trilobite fragments, subrounded intraclasts (gray)
and superficial ooids in a sparry calcite matrix,
Pine Ridge I-75, unit 118, transmitted light, 10X.

Figure 14. Photomicrograph of siltstone lenticles in
current laminated dolomite, Nelson Branch, unit
17, transmitted light, 4X.



Glauconite

Glauconite is not confined to terrigenous clastic rocks, it
occurs in carbonates as well, but in less abundance. Observed in 30 per-
cent of the samples, it constitutes 1 to 25 percent of the rock, O0f all
carbonate samples observed glauconite is most abundant in the oolite
samples with a maximum ef 10 percent in nomnoolitic rocks. The glauconite
pellets in the matrix of oolites are fine tc¢ medium grained, subrounded
to well roundad showing the efrect of transportation, while in other

carbonates fthey are very fine to fine grained subangular to subrounded.

Sedimentary Structures

Sedimentary structures similar to those in terrigenous clastics
were observed also in carbonates. Current laminations, found in 28 per-
cent of the samples, resulted from the alternate deposition of siit and
carbonates or pellets and wicrite. Micro cross-laminae and graded bedding
were observed in 10 percent of the thin secticns. Zirdseye structures up
to 3 mm in diameter were observed in two carbonate samples only. They are
arranged in a horizontal planc and associated with algal laminae (for
further explanaticon sce Chapter IV on Sedimentary Structures). Dark, wavy,
crinkly laminae up to 0.1 mm thick observed in 24 percent of the carbonate

samples are probably algal in origin.

Biogenic Structures

Like the sandstones, burrows and bioturbation were observed in 10
percent of the carbonate samples. In all the samples examined, the

burrows are ful) of silt and usually connect two gilt laminae. Most of



the burrows are less than 0.5 c¢m wide and more than 1 cm long (Figure
15). A large conspicuous burrow in dolomite from Pine Ridge I-75 unit
86 is 1.5 cm wide and 3.5 cm long, in which the laminae are disturbed
and mixed up within the burrow (Figure 16). Theres is no evidence in the

sample to indicate what kind of organism produced such a burrow.

Diagenesis

Since mecre than 83 percent of the carbonate samples are nmade up
of sparite, it is clear that the carbonates were alrered by diagenesis.
This is clesrly smen in unit 90 at Pine Ridge I-75, whevre the dolemitic
limestone is made up of coarse sparry dolomite (50 percent) and intra-
clastic microsparry calcite (Figure 17). The oosparite, intrasparite
and pelsparite rocks in the Rome show evidence of diagenesis with micro-
sparite in ooids and intraclasts, while very fine to coarse sparry
calcite and dolowite make up the matrix of these rocks (Figure 18). 1In
many diagenctic dolomires it is difficult to determine what the original
lithology and .texture were before diagenesis, thus interpretation of

their environments of deposition is rather difficult.
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Figure 15. Photomicrography of burrows filled with siltstone
(white) pelmicritic dolomite (gray), Nelson Branch,
unit 16, transmitted light, 4X.

'Figure 16. Photomicrography of disturbed laminae inside a
burrow in laminated dolomite, Pine Ridge I-75, unit
86, transmitted light, 4X.
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Figure 17. Photomicrograph of delomitic limestone, intra-
sparry limestone (dark) replaced by well crystallized
dolomite (white), Pine Ridge I-75, unit 90, trans-
mitted 1light, 25X.

Figure 18. Photomicrograph of diagenesis in oolites, very
fine sparry dolomite in ooids, coarse sparry dolomite
in matrix, Sharp Gap, unit 8, transmitted light, 25X.



CHAPTER IV

INORGANIC SEDIMENTARY STRUCTURES

I. IKXTRODUCTION

Besides its maroon color, the second most characteristic feature
of the Rome %ormation is the abundance of sedimentary structures most of
which indicate deposition in a tidal flat environment. : The foliowing
structures were roacoznized in the Rome: mud cracks, bhalite crystal
casts, ripplz marks, rain prints, tidal balls, cross-bedding. rivple
laminae, currcnt lamination, scour and fill, flute and grvocve casts,

load casts, vugs, birdseyes and flaser and lenticular bedding. The last

two structures are described in the chapter cn euvironments of deposition.

IT. MUD CRACKS

Mud cvacks form ac sediments lose contained water., The cracks
bound polvgous which vary in number of sides. C(racks are ravely straight
and range in width from a few millimeters to Z cm. Polygens in the Rome
Fromation may be bounded by as few as three and as many as six sides.

The polygous range in diameter from & f[ev centimeters to more than 30 cm
{(V'igures 1% and 20). Mud crack pelygons and mud crack fillings have been
reported from wmost of the Rome exposures in the study area (Plates 1 - 5).
There is @ strong correlatien between red beds and mud cracks, aithougn ticy
are not confined to red beds, they are found in less abundance in some
dolomite beds (aAppendix PR unit 86, PG Unit 17) and light greenish gray
sandstone (Appendix PH vnit 26). The crack filling in red beds is grayish
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Figure 19. Large mud crack polygons, Porterfield Gap,
unit 63, scale 15 cm. long.

Figure 20. Small mud crack polygons, Porterfield Gap,
unit 63, each unit on hammer is 2 cm. long.
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red siltstone and very fine-grained sandstone. Crack filling in the
dolomites is grayish to white, very fine-grained sandstone, while in
greenish gray sandstone, the filling is silty to very fine graired
greenish gray sandstote.

Mud cracks formed in tiie Rome tidal flats as a result of subaerial
exposure and loss of water from sediments due to desiccation. The alter-
nate wetting and drying on tidal flats as a result of flood and ebb
currents prod:uced cracks and polygons which were later filled with silt

and very fine sand transported by tidal currents. The abundance of mud
cracks in red beds which represent supratidal and mud flat eavironments
indicates that these two zones were subaerially exposed to desiccation
for longer periods of time compared to other parts of the tidal flat.
The possibiiity that mud cracks in the Rome Formation might be
subaqueous shrinkage cracks was considered. According to Donovan and
Foster (1972), shrinkage cracks in their simplest form are elongate
and tapered in plane view; they can also branch from a central point
and assume a sinuous appearance. Subaqueous mud cracks typically occur
in gray-black siltstone, while subaerial cracks are usually found in
greenish or red sediments and are rare in gray-black silts. Subaerial
cracks show a polygonal or rectangular plan, are larger in scale than
linear cracks and their depth of penetration in vertical section is
usually much greater. Mud cracks in the Rome Formation are intarpreted

to be of subaerial origin.

ITI. HALITE CRYSTAL CASTS

Halite crystal caests are fillings of cubic cavities left by the

dissolution of salt crystals embedded in fine-grained sediment. Erouoks
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(1955) was the first to report the presence of halite crystal casts from
the Rome at War Ridge, Graivger County, Tennessee. He indicaced that the
casts are 1l um to 1 cm on a side and are preserved in relief ou the under-
side of fine~grained, thin bedded sandstone and red mudrock. According
to Brooks, halite crystals made the cubic impressions in the sediment and
dissolved before fine sand was deposited over the sedimentary interfaces
to fill the impressions. The filling of impressions by traansported sedi-
ments is indicated by the presence of micro-cress laminae in the casts.

Erooks indicated that the cubic halite crystals form in saline,
shallow pools on mwl flats. Thompson (1968) found halite crystails in
recent sediments of the supratical zone in tidal flat sediments of the
Colorado River delta but he did not report any halite crystal casts.
Because the casts are filled with micro cross—laminated sediment and
are located on the underside of beds, they are considered to be contemp-
oraneous with the sediment in which they are found.

Halite crystal casts in the Rome of the study area range in size
from 2 mm to I c¢m on a side (Figures 21 and 22). Halite casts in the
study area are not confined to a single lithology or particular horizon
in the Rome section. The casts occur on the underside of grayish red
laminated to very thin bedded siltstone, dusky yellow siltstone and gray
sandy dolomite. Impressions of the crystal casts are found on ihe upper
bedding plane surfaces of beds. ilalite crystal casts were colleoctwd
from Pine Ridge I-75 (Appendix PR units 1/7, 35, 70/3), @ak Ridge unit,

T 7

27 and Porterfield Gap (Appendix PG units 8, 22, 24, 42, 47, 54, 63).



Figure 21. Halite crystal casts in grayish rea, very thin
bedded siltstone, Oak Ridge, unit 27, cm. scale.

Figure 22. Halite crystal casts in grayish red, very fine
grained, very thin bedded sandstone, Porterfield
Gap, unit 8, cm. scale.
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IV. RIPPLE MARKS

Ripple marks consist of numerous, essentially parallel, long,
uniformly spaced ridges and trcughs, trending in straight eor gently
curved lines at right angles to the current. Symmetrical and oscillation
ripple marks are abundant in the Rome Formation; they are not restricted
to any particular typs of lithology. Ripple marks exhibit sharp and
rounded crests with wave lengths of several centimeters and amplitude of
one centimeler or less. In some units in the Rome Tormation, they are
associated wiith mud cracks in red beds indicating that ripples formed on
a mud flatr. Twenty-four measurements of azimuthal directions of ripple
marks in the study area show a mean paleocurrent direction of 105°.  The

large variety of ripple marks in the Rome Formation have been described

and illustrated by Harvey and Maher (1948) and Spigai {(1963).

V. RAIN PRINTS

circular pits forimed in soft sediment,
usually mud. Rain prints in the Rome Formation are hemispherical
depressicns about 1 mm deep and 2 mm in diameter (Figure 23). Rain
prints and their casts were collected from a laminated, grayish red siltc-
stone bed in uwnit 63 at Porterfield Gap, the conly scction that exhibited
these structures in the sanme unit with halite casts, mud cracks and
ripple warks. These structures point to the persistence of subacrial
conditions in the Rome. llarvey and Maher (1948) reported the presence

of rain prints from Poor Valley Ridge, OGrainger County, vhile Spigai
(1963) reported their presence from Dug Ridge, Roane Ceurtv, both in

Teaunessee.,



Figure 23. Rain prints, Porterfield Gap, unit 63, cm.
scale,
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VI. TIDAL BALLS

Tidal balls are subrounded to well rounded pebblss made up of
silty, very finea grained sandstone and coated with mud. The avevrage
diameter of these balls in the study areca is 4 cm (Figure 24). One of
these balls was sectioned and found to be made ¢f laminated, silty,
very fine-grained, gravish red sandstone. The balls commonly resulted
from the brealking ff of cbunks of mud crack polygons on mud fiats by
storm waves, wirich relled and rounded the chunks end ceated them with
mud. These balls ave found only in red beds at Diggs Gap unit 1l and
Pumphouse Reoad unit 3. Tidal balls of the Rome formed on a mud flat
which is characterized by the abundance of mud cracks. Although mud
flats are quiet environments, far from normal wave action, storm waves
can reach these flats, pluck mud chunks and roll them around. Due to
the relatively large size of the chunks, and incomplete lithification,

they become roundid in 2 short time, probably duving one storm.
VII. CROSS-BEDDING

Large scale cross-bedding in the Rome Formation is rare, but it
was observed =t the following localities in the study arca: Pine Ridge,
1-75 (units 5 and 126}, Oak Ridge (units 56 and 58), Young Creck (units
12 and 22), 3harp Cap {unit 48/2) and Shooks Gap (unit 32). The thick-
ness of cross—-bed scts vanges from 5 com at Sharp Gap to 56 cm at Pine

. ' - - o AnO .
Ridge. The Jip of che cross-beds ranges {rom 20 to 30  with a mean
. . o . . : ‘s .
direction of 1657 for eight readings. Planar cross-bedding occurs in
%
some very coarse prained sandstone and oolires. Trough cross—bedding
occurs only in the Cak Ridge section in the oolite zone (unit 56). One

common feature of most cross-bedded units is the presence of glauconitic



Figure 24.

Tidal balls from Diggs Gap, unit 11, cm. scale
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laminae which alternate with clean quartz sandstone {(Appendix OR unit 58;
SG unit 48/2) or oolitic laminae (Appendix PR unit 126). The cross-bedding
in vuit 5 at Pine Ridge I-75 does not have glavconitic laminae, instead it
is made vup completzly of clean, well rounded, very coarse-grained sandstone.

The cross-bedded oolites no doubt indicate the effect of transporta-
tion by ocean currents in a shallow marine environment. From the mean
direction of the oolite cross-beds (]720) probably longshore currents were
responsible for their transportation and sedimentation., Cross-bedding in
sandstones which aiforpate with glaucoritic laminae might represcent deposi-
tion in a very shallow littoral environment or small tidal guliics in which
the glauconite was transported from the subtidal environment to the tidal
flat by flood currents er storm waves. The very coarse-grained, cross-—
bedded, pure sandstone in unit 5 at Pine Ridge I-75 is ifound in red beds,

suggesting deposition in a fluvial channel or a mud flat gully.
VIII. RLPPLLE LAMIFAE

Ripple laminae are the corresponding intermal structures of ripple
marks, which are suriace forms. Both are formed in sand or silt by
either currents or waves. Ripple laminated structures are formed of
sand transported by ripple motion and therefore deposited largely from
suspension. These structures appear as micro cross-iamination in cross-
section {(licee, 1905).

Ripple laminac are abundant in the terrigenous clastic as well as
carbonate units in the Rome Formation. The cross-bed sets dip in opposite
directions indicating tidal influence whercin the dominant direction

represents the flood current direction. The ebb currents on a tidal flat
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are typically stronger than the flood currents which deposits sediment
in suspension, but ebb currents partiailly erode some of the sediment al-
ready depositad (Figure 25) (Reinck and Singh, 1973). Hand samples in
the Rome do not typically show micro cross—lamination unless slabbed and
polished. The significance of these structures is that well developed
ripple laminae indicate the regular introduction of new silt and sand
onto the tidal flat, while irregular horizontal laminae indicate that
sediment is constantly being redistributed by fiood and ebb tides without

introduction of new sand (McKee, 1%65).

IX. CURRENT LAMINATIONS

Current laminations are tabuler sets of laminae within which the
laminae are horizontal and consist of alternating layers of differing
texture or color. £ach lamina 1is less than 1 cm in thickness, but thick-
ness of indiwvjidual lamina may vary within a set (Figure 26). Current
laminations {Visher, 1965) are referred to by Harws and Fahnestoek (1%65)
as "horizontal stratification,'" while Coleman and Gagliano (1965} refer
to them as "parallel laminations." These laminations are formed under
subaqueeus cenditiens and result from either a scgregatien ef particles
by differential settling initiated by changes in current velocity or from
changes in water chemistry. The former produces textured variations and
the latter color vaiwtiens (Colceman and CGagliano, 1965).

Current laminations occur within the area of investigation in very

fine-grained sazndstones, siltstones and carbonates. They are found in

more than 40 percent of the beds in the Rome TFormation. The laminae are

i

{

o]

easily recognized because of their alternate dark and light colors.



Figure 25. Photomicrograph of ripple
laminae in the middle with dis-
turbed current lamination below
and above in grayish red very fine
grained sandstone, Pine Ridge,
unit 51, transmitted light, 4X.
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Figure 26. Photomicrograph of current laminations in silty
very fine sparry dolomite, Porterfield Gap, unit 57,
transmitted light, 4X.
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some red beds the dark laminae are due to the concentration of iron
oxide, while the light colored laminac are due to the presence of cleaner
sand and silt. Laminae are produced also as a result of alternate deposi-
tion of sandstone and green glauconitic laminae (Figure 27). In carbonates
and especially dolomites the concentration of wvery fine-grained sandstone,
siltstone, and glauconite in thin sheets produces these laminae. Some of

the silty laminae in dolomites show normal graded bedding, indicating

differential satt

provably in a sterding body of water. Corrent

laminations in the Rowe lithology are usually underlain or overlain my
ripple lamirations or by scour and fill structures {Figure 28}. These
laminae are usually destroyed by bioturbation and reworiking by tidal

currents.

X. SCOUR AND FILL

Scour and fill structures formed in shallow depressions which
were scourec in locse consolidated bottom sadiment under certsin current-
velocity conditions and variaticns in turbulence. Decreased current
velocities result in various types of fill within the scoured depression
(Shrock, 1948).

Scour and fill structures appear in sandstones, siltstones, and
carbonates in the Rome Formation. They range in width from a few milli-
meters to several centimeters, while depth of sceour is usually of the
same order (Figure 29). Scour is feund usually in current laminated beds,
while the fill! is made up of cress-laminations of the same lithology as
the underlyving laminae (Viguvres 30 and 31). Scour and fill structures
were observed in some intraclastic carbonates of the Rome Yormation

(Figure 32). Reineck (1972) referred to scour and fill structures on
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Figure 27. Photomicrograph of alternate glauconite (gray)
and sandstone laminae (white) with intervening iron
oxide laminae (black), Pine Ridge I-75, unit 104,
transmitted light, 25X.



Figure 28. Photomicrograph of current
lamination in silty dolomite
pelsparite with micro cross lam-
inae and scour and fill structures
at the top, Sharp Gap, unit 7,
transmitted light, 4X.
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Figure 29. Photomicrograph of scour
and fill structure in current
laminated, silty dolomitic pel-
sparite. A large scour at the
bottom with an intraclast and
two small ones in the middle,
Sharp Gap, unit 7, transmitted
light, &4X.
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Figure 30. Photomicrograph of scour and fill structure in
current laminated grayish red very fine grained sand-
stone, Oak Ridge, unit 38, transmitted light, 4X.

Figure 31. Photomicrograph of scour and fill structure in
8ilty dolomitic pelsparite with micro cross laminae,
Sharp Gap, unit 7, transmitted light, 4X.



Figure 32. Photomicrograph of intraclastic limestone
with a scour surface at the bottom, Young Creek,
unit 10, transmitted light, 4X.
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tidal flats as small scale erosional discordances. Reineck indicated
that flood currents tend to deposit sediments on the tidal flats, while
ebb currents and waves, which are stronger, tend to erode partially the

top of the already deposited sediment.
XI. FLUTE AND GROOVE CASTS

A flute cast is a raised subconical spoon-~shaped structure, the
up current end of whicihh is rounded or bulbous and the other end is
flared and mevges witih the bedding surface. It is ferwed by fiiling of
an erosional scour, while groove casts, sre casts of straight linear
depresssions or striations.

The above structures as described and illustrated by Pettijohn
and Potter (1964, Plate 61) have been found in some debris samples in
the Rome Formation at Pine Ridge I-~75 and Porterfield Gap. In both
cases the structures were found in silty very fine-grained grayish red
sandstone which is =2 dominant lithelegy in the mud flar envirvonmaut in
the Rome. The flute casts are between 1 to 3 cm wide, less than % cm
highand up to 6 cm long, while groove casts are no more than 1 tc 2 mm
wide, up to 1 mm nigh and very long. Both flute and groove casts were
found in the same samples and are parallel to sub-parallel to eacir other.
Al though these sole marks indicate moderate to strong currents and are
characteristic of turbidity-current and deep-water deposits, they have
been reported from shallow water environments. Flute casts have been
observed in shelf deposits, stream—-cut channels and flood-plain deposits
(Heckel, 1972} ; while groove casts were described in shallew water and

on tidal flats by Reineck (1969).
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XII. I1.OAD CASTS

Load casts described by Pettijohn and Potter (1964) as bulbous

irregularities on the underside of a bed, result from the down sinking

of the overlying sand into mud. Load casts are rare in the Rome in the

area of investigation and have been observed only once at Porterfield

Gap in a thin bedded sandstone.
XIIT. WVUCS

Vugs are irrvegulavr cavities, often with a mineral lining. Vugs

were observed in unit 50 at Pine Ridge I-75 in a red silty sancstone bed.

These vugs have no mineral lining and are 2 to 3 mm wide. These cavities
probably result from the dissolving of the mineral material that originally

occupied the cavity. The author believes that those cavities are left

by the solution of evaporites from mud flat sediments in the Rome.
According to Lucia (1972) evaporites are very suceptible to remnval by

shallow greound water. Therefore they are rarely well preservea in out-

crops.

XIV. BIRDSEYES

Accoraing to Shinn (1968) birdseye structures are tiuny blebs of

calcite found in carbonate rocks ranging in age from Precambrian to

Recent. The shape varies from planar, isolated voids 1 to 3 mm high by

several millimeters in width to isolated bubble-like voids 1 tc 3 mm in

diameter beth of which may be filled with calcite or anhydrite. Laboratory

experirz=nts and observations in limcstone quarry tailings by Shinn, suggest



76
that bubble-like vugs were made by gas bubbles and that planar vugs were
made by shrinkage resulting from desiccation of e§posed sediments. In
ancient sediments birdseyes are associated with mud cracks and aigal
structures and are thus vegarded as additional evidence for supratidal
or high intertidal deposition.

Birdseye structures were seen in thin section in dolomite and lime-
stone beds from Pine Ridge I-75 units 85 and 118 respectively. The
structures are associated with crinkly algal laminae (Figure 33). Only
the bubble-like void type was scen in the Rome. These structures are not
abundant in the thin sections examined. Thus the presence of birdseyes
in some beds in the Rome Formation confirms the presence of the sunratidal

one,



Figure 33. Photomicrograph of birdseye structure sur-
rounded by crinkly wavy algal laminae, Pine Ridge
I-75, unit 86, transmitted light, 25X.
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CHAPTER V

BIOGENIC SIWIMENTARY STRUCTURES IN THE ROMiI FORMATION

I. 1INTRODUCTLON

Body fossils are rare in the Rome Formation. The fossils which
were reported by Woodward (1929), Resser (1938), Butts (1940), Rodgers

and Kent (1948) (Table 5), were ccllected frowm widely scattered locali-

=

crmation and to its

]

ties. Owing vo the heterogeneous coempositicn of thwe
structural crrplexities, tne exact vesiition of the fossils in the strati-
graphic section in most localitles is uncertain (Woodwnrd, 192%; Lutts,
1940). On the other hand biogenic sedimentary structures are very
abundant in the Rome, and in some belts they can be used to corralate

the Rome lithology ziong strike.

Seilacher (1964) defined trace fossils as sedimentarv structures
resulting frem Liolegical activity. According to nim the advantagze of
trace fossils is that they have narvow facies range, that is the ections
of organisms ar= usually direct responses to environmental conditions.

He indicated ihat trace fossils are restricted to certain facies dirraspec-—
tive of wiich cnimais produced themn.

Accerding to Scilacher (1964) ichnorossils may occur in any type
of sediment, butr thev zre wmost abundant and best preserved in clastic
series, particularly where sandy and shaly beds alternate as in the
Reme Formaticm where most of the ichnefossils occur as positive hiyporelief
casts on sandstone surfaces underlain by shale. 1Trace fossils feund in

the Rone in order of decreasing abundance are: Planolites, Skilithos,
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Table 5. List ¢f Rome Faunas collected from four areas. Compiled
with modifications from Woodward (1929), Resser (1938), Butts
(1940) , Rodgers and Kent: (1948).

“nd
o

Teuna Location

. '

il bamn Tennessee Viesd

Trilowita

Oie¢nellus thompsoni Hall x X X
C. rudis Hesser X X X
0. X X
0. x X
0. % X
Q.
Ptyr,hmw}mT X
P. sp. " ' % %
Solenopleurelin virpinica X % X
Antagnus X
Linnarssonc X
Litocodia tyj iis T X x
Periomma h,wb\ ensis Resser x X
DolichomﬂLo“qi.gﬁﬂgggggﬁi X X
Zacantheiaes oriencalis X
E&sdu X
Wanneris X

x

A YE]P“ Rescer
Aloklsmcar wirginicum Hesser (M)
tVPJ(‘

Resser (M X
Anorla bantlus LalPOCt (%))

XX X X

»

L T

Elrathiellns

13

S

X X

x

X X

walcott X X
- Walcort X b's
alcott X X
cibvensis Walcett X X
X

»




Table 5. (Continued)
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Fauna

Location

Georgia Alabama

‘»\ ' o

nnessee Vircinia

Mollusca
Salterella sp.

Hvolithes wanneri Resser and Howell

H. sp.

Porifera
Archaeocvathus sp.
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Rusophycus, Cruziana, Scovenia, fecal pellets, Sinusites, Phycodes,

Bergaueria, Diplicharites, Dimcrphichnus and Nonomorphichnus,

Planolites

Plancolites are fillings of burrows about 1 cm wide that
penetrate sediment in irregular course and direction (Figures 34 and

35). The sand and silt filled tubes were made by worme which passcd the

sediment through their slimentary canal (Hantzachel, 1%62).

in the Rome %ormation range in width frem 2 mm to 1 cm. They probably
formed close to the sedirent-water interface, gince they ave found mostly
as positive hyporelief on lower bedding planes orf sandstone beds. They
are found alsc ¢n upper bedding planes but are usually less than 5 mm in
diameter. Planoliites are not confined to a specific type of lithology,

but occur in egual abundance in all Rome sections in the study arca.
1 o

Fecal Pellets

Fecal pellets are small droppings 1 mm in diameter and 1 tce 3 mm
long found usually on shaly bedding planes (Figure 36) and associated
with Planolites and trilobite traces. The pellets were prebably produced

by trilobites and orpganisms which produced Planolites.

Sinusites

arc trails ic negative relief that could have been

Sinusites
formed by the sinucus movement of alwost any worm (Figure 37). The
atsve spirelict

trails, appruxinately 2 mm o wide and 2 mn deep, represent nog

i
<2

on the upper bedding planes of very tine sandstone and sandy dolomite.



Figure 34. Planolites, Young Creek, unit'8, cm. scale.

Figure 35. Straight Nelson Branch, unit 19,
cm. scale.
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Figure 36. Fecal pellets, Porterfield Gap, cm. _scale.

&



Figure 37. _ Porterfield Gap,
unit 20, natural size.
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They are found in Paleozoic sands and Recent beach sands and pond muds
(Seilacher, 19¢ . Tlieir presence in different lithologies in the Rome

supports Crime~ .+70) finding that they are facies - independent.

Phycodes

Phycodes are bundled cylindrical fillings of tunnels on lower

surfaces of quartzitic beds. Some of them may show faint regular transverse

fluting. Theay are considerzd by Seilacher to b= feedivg burrows {(Fantzsche
1962).

Phycodes exposed in the Rome Formation are uvp to 3 cm in dicmeter
and up to 15 cm long. Some phvcodes have faint transvevrse fluting, but

most are smooth. Good examples of these trace fossils were observed in

the Dug Ridge, Pumnmhouse Road, and Nelson Branch sections, all in the

Phveodes are found on the some bedding

e

greenish grav shale. At Dug

33 1
3 Ri dge

3

plane with large Rusophycus (Tigure 33), which belong te the Cruziana

facies and so were formed in a gsublittoral environment.

Bergaueria

Bergauevia ave fillings of perfectly circular depressions about
3.0 em in dieweter and up te 2.0 cm in depth (Figure 329). The positive
hyporelief is {illed with siltstone or fine-to medium~grained sandstone.
Accordinyg to Crimes (1978) and Orlowski, et al. (1970) thesc traces were

made by suva anemones., In the Rome they are found in clusters or spall

communities of up to six individuals. At Crippen Gap they are present



Figure 38.

on the same bedding

plane, Dug Ridge, unit 28.

Figure 39.

Crippen Gap, unit 35, cm. scale.
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in dusky vetlow, shaly siltstone at the top of the section, while at Dug
Ridge they are preszent in greenish gray, fine-to mediuam-grained sandstone
in unit 8. Since sea anemones were probably filter feeders or passive
predators, the presence of their traces indicates a2 solid substrate, and
turbulent marine waters. Crimes (1970) included Bergaueria in the Cruziana

facies because its presence indicates a subtidal environment.

Scoyenia

Scoyeriis represent very short verticel tubes in red beds of non-

marine origin {Seilacher, 1567). Although the Rome Frumation is full of

w

red beds, the {our locations where such short vertical tubes were seen
by the author, are Pine Ridge I-75, Nelson Branch, Crippen Cap and Sharp

Cap secticn. They are found in grayish red, very fine-grained thin bedded

sandstone. The burrows, up to 3 mm in diameter awd 1 to 2 cm long are

filled with red siitstone and mud. These burrows were probably made by

4

small worms. Ia those saectlons (Plates 1, 2, 3, %) eriz ore found

above the Skciithos beds, indicating more continental conditions and

sihiallowing upward in the Rome Formation. This vertical sequence reflects

the horizontel svacial distribution of these facies in the Rome envi

Skolithos Facics

Skollcnos are vertical tubes or tube [illdings, 0.2 to 1.0 cm in
Skol vertical tuk r otube [illdings, 0.2 to 1.0
diameter, in sandstones, usueily straight and never sranched, commonly
but not always closely gpaced (Hantzscihel, 1962). Skolithes are
attributed to suspension feeding worm=bike organisms duriayg poriods of

neglipgible sedimentation (Selley, 1970). In the Rome Formation Skolithos
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are 3 to 5 mm in diameter and not more than 4 cm long (Figures 40 and 41}.
Rome sections at Pine Ridge 1-75, Oak Ridge, Young Creek, Nelsou Branch,
Crippen Gap, Sharp Gap and Porterfield Gap have Skolithes tubes which are

filled with grayish red silty to very fine sandstone. Empty Skoli

tubes were found at Crippen Gap only. The importance of the Skolithos

zone is that it indicates beach environment, while its position above the
oolite zone makes it useful in correlating Rome stratigraphy in the area

of investigaticn. Tn the Pine Ridge sections and Sharp Gap, Skolithos
occurring above the oolite zone are in greenish gray thin bedded quartzitic
sandstone irntervedded with thin coarse sandstone beds (Plates 1 zud 4).
Although Skolithos tubes are found in beds below the oolite zone, e.g.,
Young Creck section unit 6 (Plate 1), the most prominant Skolithcs zone

is the first onme to occur above the oolite zone. In this zone Skolithos
are abundant. They are also found in up to ten thin beds, like Pine

Ridge I-75 unit i27. 1In the Crippen Gap section, the upper Skolithos

zone is the wmost prominent. It occurs in quartzitic sandstoue vuit 31,
while Skolithos in unit 5 are found only in one thin bed. At Nelson
Lranch, where there is no oolite zone, Skolithos are found in pale yellow-
ish brown quartzitic sandstene unit 13 (Plate 2) . Skolithus at Porieriiclo
Gap are found below the oolite zcne in unic 55 in dolemitic sandstonc,
but they do not form a prominent zone. The Skolithos zene at Sharp Gap is
separated ifres the underlyving dolounitic oclites and intraclasts by grayish
red sandstone. This szquence indicates a change from very shallow sub-
tidal to intertidal environments.

Crimes (1974d) in bds study of the Lower and Middle Canbrian succos-

siong in Wales, found that Skolithos occurs immediately above known
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Figure 40. Skolithos tubes, Crippen Gap, unit 31,
cm. scale.

Figure 41. Skolithos tubes filled with grayish red siltstone,
Crippen Gap, unit 31, cm. scale.
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surfaces of disconformity or unconformity, while traces belonging to the
Cruziana community occur more commonly a few meters above the basal
Arenig Lower Ordovician unconformity in sediments indicating sublittoral

environments.

Cruziana Facies

Diplichnites

biserial walking trocks of arthropeds with

numerous steps, simiiar tc Cruziana butr the traces reflect the 1liwbs of
trilobites touching the surface of the sediment rather than digsging in

(Crimes, 1970). Most of the Diplichnites in the Rome Formation were

found in grayish red very thin bedded sandstone in which most of the
traces are faint (Figure 42). A few of these traces were collected from
grayish and greenish gray very thin bedded sandstone at Nelson 3ranch

and Pumphousz Road sections. According to Crimes (1970) the width of

the trace depends oni clie size of the animal and how far its liubs are

extended outside or contained within the limits of the body. iie
that the widcth of the trace depends on the speed. of movement of the animal.
The faster it noves the narrower is the trace, because the limbs are

tucked inwards. So Lhe width of the trace is only an approximation of

the width of the trilobite. Diplichnit as much as 4 cm wide wore

collected frem the Reme exposures and their width coincides with wmost

Rusophycus and Cruziana found in the formation.
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Dimorphichaus

i hichnus are sho aig cratches i ularly arrage
Dimorphichnus ax hort, straight scratches irregularly arrmged

and consideraed to be sideways grazing traces of trilobites (Crimes, 1970).
Samples of these traces were ccllected from grayish red, very thin bedded
sandstone with shaly bedding planes (Figure 43). Their presence suggests
that trilobites visited tidal flats during high tide or probably crawled

across the flats back to sea when the tide ebbed.

Monomorphichnus

Monomerphichnue are forked elongate ridges arrarged in echelon.

They are censidered to be swimming grazing traces made by trilobites
(Crimes, 1970). A sample collected in thin bedded red sandstone at the
Nelson Branch section had scratches which are about 2 mm deep, 3 cm at
one end and 5 c¢m long on the other (Figure 44). Samples collected frem
Dug Ridge, Shipe Road and Young Creek sections come from grayish red thin
bedded sandstone with shaly bedding planes. Ripple mwarks associated with

Monomorphichnus indicate that these traces were made by trilobites on

the tidal {flats at high tide.

Rusophycus

Rusophveus is & bilcebate coffec-bean shaped structure with
transverse markings and a deep median groove (Figure 45), considered to
be a typical resting track made by trilobites (Hantzschel, 1962). The
Rome Formaticn in the study area, provided an abundance of Ruccphyzus

(Figure 46), and in many cases associated with Cruziana. Most of the



Figure 43. from Shipe Road, Sharp Ridge,
about 16 km. NE of Knoxville, cm. scale.
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Figure 44. . Nelson Branch, unit 19, cm. scale.

Figure 45. Porterfield Gap, top of unit 59,
cm. scale.
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small size Rusophycus, 4 cm wide and less, were found in red beds
associated with mud cgacks and tidal balls which indicate interrvidal to
supratidal eavironments. Although Kusophycus are found in greeaizh gray
sandstone and sandy dolcmite, the probability of finding these {races in
those beds is much less than grayish red very thin bedded sandstone
alternating with red shale. The exceptionally large Rusophycus at Porter-
field Gap were found in pale greenish siltstone below the ocolite horizon
(Plate 5). While some of the resting tracks are regular ones (Figure 45)
the others represent a prccline resting track which shows impression of
the cephalic rim in which the trilobite maintained a head down position

’

while digging {(¥igure 47). The presence of these tracks selow the oolite

horizon indicates a sudwtidal environment.
Cruziana

Cruziana are the casts of shallow pocket-like pits produced by
trilobites furrowing through the sediwent (Figuvre 48), the V--shapad
markings being dug ®»y inward and posteriorward motion of the endocpcdites
(Seilacher, 1970; Crimes, 1970). Cruziana in the Rome Formation were
found to be abundant in red sandstone. Thevy occur on the same bedding
plane with Rusophycus or in vertically adjacent beds. The largest

Cruziana (8.5 cm) was found at Crippen CGap in greenish gray fine-to-
medivm—-grained sandstone. A sample with a similar size in red sandstone
was collected from debris. According to Seilacher (1970) the coarse
transverse markings were made by the front endopoadites representing a pro-
cline position while the trilobite wias furrowing through the scediment.
Judging from the size of the track, the trilobite must have been large

and so the size of the endopodites would be proportional to the size of

the bodv,



Figure 47.

Procline resting tracks, Porterfield Gap, top

of unit 59, cm. scale.

Figure 48.

Cruziana, Dug Ridge, unit 25, cm. scale.

97



98

Rusophycus and Cruziana are found in grayish red sandstone,

greenish gray sandstone and medium gray sandy dolowite. These trace
fossils are most abundant in red beds an¢ least abundant in dolomire.
At Porterfieid Gap section the large resting tracks in greenish gray
siltstone below the oolite horizon represent a shailow subtidal eaviron-
ment, while the red beds above the oolites are full of sedimentary
structures indicative of subaerial conditions; these structures include
halite casts, rain prints and mud cracks. The whole sequence represents
shallowing upwards and a gradual change from subtidal siltscone ihrough
oolites to red beds. The large trilobites were confined to subtidal
marine waterz and lived in small scettered commuunities.
traces in red beds are much smaller (less than 4 cm wide), and represent
trilobites which frequented the mud flats and livéd there temporarily.
The Bullrun Ridge sections at Biggs Gap and Nelson Branch providaed
the largest nuwber of Rusophvcus and Cruziana. In both sections the
trilobite traces werc found abundantly in gravish red, very thin bedded
sandstone with shaly bedding planes. Mud cracks and tidal balls were
found in these units and sometimes on the same bedding plane as the trace
fossils (Figure 49). Cruziana in these beds criss-cross each othe:
(Figure 50), indicating that trilobites were crowded in small poois on
tidal flats. Thesce trilobite traces occur in three or feur beds, cach 1
to 2 cm thick directiyv above each other, indicating that sedimentation
was probably fast, possibly between two high tides. 1In other Rome sec-
tions Rusophycus and Cruziasna were collected from greenish gray sandstone
and gravish red sondstone indicatving subtidal and dintertidal ecavivinments

rospectively.
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Figure 49. Mud cracks cutting across Cruziana, Nelson Eranch,
unit 10, cm. scale.

Figure 50. Crowded and criss crossing . .., Diggs Gap,
unit 11, cm. scale.
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The Cruziana facies in the Rome Formation is therefore not

restricted to the sublittoral zone. Sz=lley (1970) found that Crusiana

occurs in silt filled agbandoned charmmels in the Lower Paleczoic of
Jordan; hie attributed the presence of trilobite traces in those sediments

.

to the impinging of breided alluvial plains on marine shorelines where sea
water infilled the distul eunds of channel systems during a dry period,

allowing marine organisms to inhabit fluvial channel systems tempovarilyv.,

Selley concluded that Cruziena in the lowest facies is much less warine

than the Skeiit

According o Seilacher (1970) the abtsence cof trilohite Lody
fossils in sowe ichnofacies is that sands are too permeable to recain
their shelly fossils during diagenesis; moreover, burrcwing arihropods
are usually less calcified, and thus less likely tc be preserved.

According to Secilacher (1964) the best preservation of Rusophvcus and

Cruziana is where sandstone and shale alternate, because trilobites pre-
ferred living on wuddy clayey substrates which are ideal for pyegervation

of body fossils. Sandstone provided the cast of the trace which was dug
in clay mud by thie trilobite. The author believes that many of these
trilewite tracess in the Rome were made by soft bodied trileobites. Al-

though it {is difficult to preove this point, the main tupovione of

Cubichnia and Repichoia - that is Rusopbycus and Cr

P .

and grazing. Trilebites would hide temporarily during moulting and sheoc

-

poaf 1

[N

of the exoskeleton, or pernanently as a wa je if they were soft
bodied. The wmany trilobite-like soft-bodied forms jound in the Upper Pre-

cawbrian Ediacara Formatien of South Sustralia, and the Cambrian surpess

Siale of bBritish Colunbia (Mcalester, 1908} support this idea. Cripes
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(1970) indicates that during the early stages of development, trilobites
moult freduently, during which time they buried themselves in wud for
protection. He did not discuss the absence of trilobite body [ossils

from sediments asscciated with trace fossils.

Ichnofacies Model in the Rome

Seilacher (1964, 1967) has shown that trace fossils can be useful

as environmental indicators. A clear relationship tetween sedimentary

facies and the merphology of the trace fossils occurring in these facies
is partly displayed in the Rome Fermation. Such a relationship alizo
demonstrates the wide ecological diversity attained by animals in the
Lower Cambrian.

In the Rome Formation Scoyenia and Skolithes are restricted to

supratidal and intertidal environments respectively. The Cruziara facies
of Seilacher is restricted to the subtidal zone (Figure 31); but in the

Rome Formation it overlaps the Scoyenia and Skolithes facies and so

extends to the supratidal environment (Figures 52 and 53). Crimes {1970)
noticed that few traces among the shallow-water forms are restricted to
a single ichnefacies or community. He recognized three types of trace
fossils:
1. "Facies - independent' occurring with similar frequency
in all ichnofacies.
2, "Facies - influenced" occurring much more commonly in
sediments of one ichnofacies.
3. "Pacievs - specific' restricted to one ichnofacies.

He found that Planolites and Sinusites are facies indepent, whilc
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Rusophycus and Diplichnites were facies influenced. He concluded that

"facies influanced'" are the most common, while "facies specific" ara the

least cemmon. Flanolites in the Rome Formation are found in most units,

while Sinusites especially at Porterfield Gap section occur in siltstones

o)

ome are

and dolomite beds; so Planolites and Sinusites 1in the

to be facies ~ independent. Trilobite traces in the Rome Formaticn taken

as a whole would be considered facies ~ independent, but considering traces
less than 4 cm wide, they would be regarded facies -~ influenced, since most
of the trilobite tvaces less than 4 cm wide occur in red sandstones, wiile

traces wmore than 4 cm wide are found in greenish gray scdimenvs. The

different cizes then, represcnt different facies and environments.

Conclusions

1. The presence of Cruziana carinata and Cruziana fasciculata -

2]

both of which are considered lLower Cambrian fossil
(Seilaclhicr, 1970) in the Y¥clson Branch and Porterficld Gap
sections, supports the fact, that the Rome in the study
area is Early Cambrian in age.

2. The Cruziana facies 1s net restricted to the sublittoral.

3. Trilobites were exposed te subacrial conditions elther by
crawling across the tidal flats back to water at low tide,
or rhev waited [or the pext high tide to f111 the tidal
poo]5~whi"h ttiey occupied.

4. The abscnce of trilobite body fosesils from sediments
aasociated with ichuotossils suppests that some trilebites
woere soft bodied, or that the body fossils were relatively

fragile and destroyed during diagenesis.
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From the measurements of Cruziana and Rusophycus (Figures 54 and

55) tne fellowing conclusions can be made:

1. None of the traces found were made by trilobites

smaller than 0.9 cm in width.

2. The size range of Cruziana is the same as that of
Rusophycus.
3. Rusophvcus are more abundant than Cruziana in the

study area.
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CHAPTER VI
ENVIRONMENTS O DEPOSITION IN THE ROME
I. INTRODUCTION

Sediméntary structures in the Rome Formation, such as mud cracks,
halite casts, flaser bedding, rain prints, tidal balls, birdseye struc-
tures in dolowmite, algal laminations in carbonates, all point to a tidal
flat type of enviroument. Landward of the tidal flat was the supratidal
environment ino which red beds ard dolomite were deposited. Seaward, the
tidal flat exiended into the shallow subtidal zone witii lagoons, oelite
shoals and sandbars (Figure 56).

Recent studies of tidal flats by Reincck and Singh (1%73), Heckel
(1972), Reineck {(1972), Raaf and Poersma (1971), Klein (1970), Thompson
(1968), Reinecck and Wunderlich (1968), Matter (1967) Reineck and Singh
(1967) and Straaten and Kuenen (1957) indicated that the following fea-
tures are dicgnostic of tidal flat depesits.

1. Vectorial biomodality of cross-stratification.

2. Unidirectional cross-stratified sets.

3. Coumon nccurrence of flaser and lenticular bedding.

4. Mud/sand interiamination.

5. Slight to intense bioturbation in sandy and muddy units.

Besides the above festvures, the Rome [ormation exhibits many sub-
aerial sedimentary features which leave no doubt that the Rome was deposited
in a tidal flat, covered with mud cracks, spotted with calm tidal lakes and
dissecteod by many tidal creeks.  Such local subeavivomnenes within a tidal
flat account for the differcent types of lithologics in the Rome Vormatlon.
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II. SUPRATIDAL ENVIRONMENT

W
H
o)
e
o
0

The supratidal zone is located above mean high tide, wi
floeded only during very high spring tides (Figure 56). In modern warm
and temperate climatic regions, the supratidal zone is vegetatcd by halo-
phytic plants, e.g., the Nortl Sea tidal flats (Reineck and Singh, 1973).
In humid tropical climates mangroves are predominant, while ia arid
climates, such zones can be devoid of any vegetation, like the Ceclorado

in this zoune, it

tidal flats {Thompson, 19¢8). Due Lo
is unfavorabie for thez survival of organisms. Reiuneck and Siyvgh (1973),
Singh (1968), and Thompson (1968) did not report any crganisms living in
modern supratidal zones. Biogenic structures appear to be rare in
ancient supratidal sediments.

Supratidal sediments are distinguished by fine-grained clastics
(Reineck, 1972; Thompsocn, 1968), red beds, (Walker, 1947; Yan ilicuten, 1968,
Dorsey, 1926): fiune dolomites, birdseye structure., and flat or geatly
undulating, cften mud cracked lamination, generallv are more characteriztic
of the supratidal environment (Shinn, 1968; Illing, et al., 1965; latter,
1967). Thomwvson (1968) recognized that laminated beds in the supratidal
zone of the Colorado River Delta, are disrupted by mud crack formation and
evaporite cuystallization. He found that laminations in the subsur{ace
contain two to threa times more gypsun, and cencluded that evaporites are
stilJl forming in the near suriface muds of the supratidal flats by surfacc
evaporation of tidal flood waters that occasionally reach the arca.

The supratidal environment in the Rome Formation is characterized
by the presence of red peds widch arce non-marine deposits. Dehvdrated

ferric oxide, which is responsible for the red pigment, is formed from



veathering of ircn-rich minerals in soils and alluvial deposits in

warm, humid to arid climates (Wealker, 1967; Van llouten, 19068; Dorsay,
1926} . ‘Evaporite crystals and mud cracks indicative of the supratidal
zone (Thomvsen, 1968} are represented sy halite casts and similar mud
cracks in the Koma2. These two sedimentary structures arce abundant in
the Porterfield Gap and Pine Ridge I-75 sections (Plates 1 and 5).

Fine dolomites, birdseye structure and flat or gently undulating, often
mud cracked laminations are recognized in scome dolomite beds in the Rome
Fermation (Iigure 33, page 77 and Figure 57).

Biogenic sedimentary structures in the suprstidal environment of
the Rome are rvare. They are represented by short vertical burrows about
2 cm long and 2 to 3 mm wide in red beds referred tc by Seilacher (1967)
as Scoyenia. Rusophycus and Cruziana were also feund in the supratidal
environment. This interpretation is based upon the asscciaticn of trilobite
tracks with mud cracks, halite casts and rain prints in the same unit
(Porterfield Cap unit 63, and Plate Z).

Three important criteria distinguish the supratidal sediments in
the Rome, from sediments {formed elsewhere on the tidal flat. ¥irst, the
pregsence of Scovenia in ved beds; sccond, halite casts and mud cracks; and
third, iaminated dolomites with mud cracks and birdseve.

Recent supratidal sediments in the Colorado River Delta comprise
a venesv 20 oo 50 em othick over much of the arca. Even in subsuriace
cores these scodinents are ne more than 80 cm thick ebove the Pleistecene
sediments (Thompson, 196%). This indicates that the supratidal sediments
are vertically limited.  The same is true of the Rome supratidal sediments

which do not comprise were than 10 percent of the scctions. The supratidal
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Figure 57. Photomicrograph of mud crack
polygon fragments and small intra-
clasts, made up of micrite, algal
laminae at the bottom in dolomitic
pelsparite, Sharp Gap, unit 8,
transmitted light, 4X.
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zones are not similar in positicn within the different sections across
the strike, buc rather occur randomly. Tn the Pine Ridge sections, the
supratidal zones arve limited to the lower half of the section and are
confined to red beds or dolemites. These zones recur five tiwmes in the
Pine Ridge I-75 section (Plate 1). At Porterfield Gop supratidal zones
are found from the boctom of the section to the top with random repetition
(Plate 5). The Crippen Gap section exhibits three zones of supratidal
sediments, which uare sbout equally spaced (Plate 3). In the Sharp Gap
section only cne zone could be identified above the oclite zone (Plate 43.

The Nelson DLranch sectien has oue supratidal zene in red beds (Plate 2).
IT11. TIDAL FLAT ENVIRONMENT

The main part of the tidal flat is located hetween high and low
tide (Figure 56, page 110). Tidal flats, develop 2aleng gently sloping
sea coasts where rhe gradient is less than 0.5°. Coasts with marked
tidal rhythms, encugh available sediments and minimum wave action arve
ideal for tidal {lat development. Such conditions may be available in
bays. estuaries, lagoons or behind sand bars and barrier islands.

Tidal flat sedinments zre depoeosited perallel to the shoreline over
a distance of tens of kilometers, and are dissccted by tidal channels
and river estuaries like the North Sea tidal flats. Their sediments arec
nestly fine-grained sand, silt and clay. Coarse sedimente are rare, but
gravels, mud pebbles and shells are abundant in tidal channel deposits.

According to Reineck and Singh (19773) and Strasten and Kuenen

(1957), tidal flats are divided into threc zones (Figure 56):



1. Mud flat; near the high water line.

2. Sand flat; intertidal zone nzar low-water line.

3. Mixed flat; transition zone between the mud flat and

the sand flat.

The reasons for this characteristic distribution of sediments on
the tidal flats is that near the low-water line, wave activity is strongest
and active for the longest time, thus sand is abundant due to the winnowing
of mud, this gives rise to the sand flats. Mud deposition takes place in
the mud flat neayr the high-water line mainly because wave and current
enexrgy is low. The two zones grade into each other giving rise to the
mixed flat (Poztwme, 1951, Straaten and Kuenen, 1957).

Ezach of the three zones in a tidal flat is characterized by
definite types of bedding, and varying degrees of bioturbation. ©On sand
flats, small-scale cross-bedding of current ripple origin is common, while
mixed flat is characterized by flaser, wavy and lenticular bedding. Mud
flats consist mainiy of thick mud Jayers with sandy intercalations. Most
parts of the tidal flat surface sediments are bioturbated by benthwonic
organisms. Modern tidal flats are occupied by boring organisms such as
arthropeds, pelecvpeds and soorms.  Reineck and Siugh (1973) found in the
North Sea tidal flats, that bLioturbation is generally streng in md flats,
weaker in mixed {lats and weakest in sand flats. This is not always the
case, vocause In small depressions on sand flats wiere mud 1s abundant,
bioturbation is strong. Thompson (1968) reports strong bioturbation in
part of the mud flats referred to in his study of the Colorado tidal flats
as the "Creb Zone'". The rest of the tidal flat is nearly deveid of

bioturbation.
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A comparison of ancient tidal flat sediments and modern ones,
indicates that not all ctidal flat charsascteristics are found in & single
deposit; even modern tidal flat deposits show great variation from one
tidal flat to another. The tidal flats of Germany have more mud than
those of the Netherlands, while the tidal flats of Britain are rather
sandy (Reineck and Singh, 1973). The Colorado tidal flats are sandy
near the low-water line and muddy near the high water line (Thompson,
1968) . Thus, differentiation between different zones in ancient tidal
flat deposits, even between intertidal and subtidal deposits, is

problematical (Delosf and Boersma, 1971).

Mud Flat

Mud flat is the intertidal zone near the high-water line,
beunded by the supratidal zone landward and the mixed flat secaward
(Figure 56, pagelld ). It is the zone of mud accumulation, where clay,
silt and very fine sand accumulate, due to the lew wave and current
encrgy near the high-water line.

Bedding in mud flats is characterised by thick mud layers with
thir. sandy intercalations. In mud flats of more arid climate, laminoted
beds are disturbed by mud cracks: the lower parts of the mud flat remain
exposed to subaerial conditions 4 to 5 days, while the upper parts remain
unflocded 8§ re 10 days during neap tide pericds (Thomspon, 1968).

Bioturbation in the mud flat is more intense than in the other
parts of the tidal flat. Doring organisms such as molluscs and worms dre
Flats,

abundant in mud {lats of termperate zones like the North Sca tidal

In arid climates one or two species are dominant. In the Colorado tidal
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flats, the fiddler crabs hybernate during low tide when the mud flat is
dry, but during high tide the wet wmud flat becomes alive with and
completely binturbated by the crabs (Thompson, 1968%8).

The mud {lat deposits in the Rome Formaticn are represented by red
beds, abundant mud cracks (bottom of PR and FG, Platas 1 and 5), biogenic
structures, bioturbation, and laminated shnale, silistone and very fine
grained laminated to thin bedded sandstone.

Because sodirents on mud flats are expoesed subaerially for a longer
time, compared to sand flats they are more oxidized. Another factor is

that transported red sediments which are deposited in a well drained non-

marine basin, retain their red coler (Dunbar and Rodgers, 1957). This
is illustrated by the abundance of mud cracks in red beds. Thus most of
the red beds in the Rome Formation represont the mud flat zone.

Red beds make up 20 to 50 percent of the exposed Rome secticus.
In most sections red beds are more abundant at the bettom (PR, OR, YC,
DG, NB, PH, 2V, 5G, AND PG, Plates 1-5). They form thick continuous
zones at the bottem, but become discontinuous upwards. This trend repre-
sents a general transgressive sequence in the Rome, but red beds them~
selves represent a regressive sequence.

More than 80 percent of the Rusophycus, Cruziana and Planolites

in the Rome are found in red beds (Appendix DG unit 11, NB unit 10, BV
unit 26). The abundance of orpanisws accounts for the intenss bioturba-
tion in red beds (¥igure 58). The reason for this bioturbation is that
low current velecitices on the mud flat result in stable substrates con-
taining consicerable proportions of mud and organiec matter. The result

is a bottom [auna dominated by deposit fecders. The organism whicih
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Figure 58. Completely bioturbated red bed from the PR
section with Planolites and trilobite tracks.
Sample not in situ, scale 15 cm. long.
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produced the trace fossil Planolites apparently caused most of the
bioturbation in the Rome sediments, because they are more abundant than
other trace fossils. The organisms wihich left their traces on the mud

flats of the Rome are the trilobites and the worms.

Mixed Flat

The mixed flat is the gradational zone betwecen the mud flat and
the sand flat (Figure 56, page110). It is characterized by flasex
bedding, wavy bodding, lenticular bedding and altcrnate lawinated sand
and mud. This alternation of grain sizes results from conditiocns of
varying currsat cemporency related te tidal current end slacik vater
phases. Sandy lavers are deposited by flood and ebbh currents while mud
is deposited dvring slack water periods (Straaten and luenen, 1958;
Thompson, 1968).

Reineck and Wunderlich (1968) defined flaser L=«ding, as cross-—
bedding with numerous intercalated mud f{laser (Appendiv DG units 27 and

28). Wavy bedding develops when mud covers ripple crests and ripple

troughs so that the surface of the mud follows the curvature of the under-

lying sandy ripples (Appendixz DG unit 16).  In lenticular bedding, the
ripples or lences of sand are discentinucus vertically and horizontally
(Appendix DG unit 10). These tvpes of bedding develop in subtidal and
intertidal zones, but there is no doubt that similar types of beading in
the Rome developed on the tidal fiat, because they are associated with
mud cracks and rod beds (Appendix ¥V units 11 and 12).

Bioturbation is eceunerally less intense in nixed {lats becausoe of

the rapid alternarion of laminated sand and mud.  This type of c¢nviroament

does not provide the thick muddy substrate for benthonic organisms to
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burrow in. Tidal currents in this zone tend to deposit more sand than
mud, and rewerk the sadiment so frequently that biogenic structures,
through they may form here, are usually destroyed. Partial erosion of
already deposited sediments does not favor burrowing orgconisms, bul as
mentioned earlicr bioturbation could be strong in muddy protected shallow
depressions in the mixed plat.

Detailed investigation of modern tidal flats has been restricted

for some time to one area, the North Sea coast of Germany and the Wether-
lands. Thug in encient tidai fiat scdiments this mixed flat zone Lias not
been recognized. Tidal flat sediments were referred to as intertidal,
high tidal flat or low intertidal (Raaf and Boersma, 1971; Klein, 1970;
Singh, 1968).

The mixed flat deposits in the Rome Formation are represented by
the rapid altcrnation of laminated sandstone and shale. The position of
the mixed flat, as a transition zoue between the mud flat and the sand
flat, causes the mired flat to contain features representative of beth
zones. From the wmud flat, the red shales and sandstones; from the sand
flat the greenish gray and pale yellowish brewn sandstone. The alter-
nately laminated shales and sandstones in the Rome Formation comprise a
range {rom 45 percent at Porterfield Gap (Plate 5), to 80 percent at Pine
Ridge I-75 (Plate 1). ot all these beds represent the mixed flat, becausc
laminated rod shales and sandstones are also {ound in the nud flat environ-
ment, but when laminated red shales and sandstones alternate with greenish
gray, pole vellowish brown and gravish orange shales and sandstones, they
probably yepresent the mized flat zone. Sediments represcenting the mixed
flat din the Rome are exemplificd by the vollowing scequences (Appendix PR
units 137 to 146 and 52 to 64; OR 49 to 55; YC 9; DC 33 to 39; BV 12 to

145 SG 28 to 31; PC 46).
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Bioturbated zones in the mixed flat in the Rome are usually very
thin to thin bedded. Planolites are common on the lower bedding plane
of many beds. They were apparently responsible for this bioturbation.

Trilobite tracks are rare in this zone of the Rome (Appendix BV unic 13).

Sand Flat

The sand flat is the zone between the mixed flat and the low-water
line (Figure 56, page 110). It merges with the subtidal zone and exhibits
none of the subaerial features of the high intertidal zore. On sard flats,
small-scale cross-bedding of current ripple origin is comwmon. This is
usually deveioped in the form of herringbone cross-bedding in sections
cut normal to the ripple crest axis (Reineck and Singh, 1973).

As mentioned earlier, sediments of the sand flat show reducing
conditions (Thompson, 1968). When red sediments are deposited in marine
waters, the hematite probably becomes either hvdrated to limonite or
reduced to the ferrous state and loses the red color (Dorsey, 1926).

Many of the thin to thick sandstone beds in the Rome Formation do
net readilv exhibit internal structures, but in thin sections or polished
slabs current lawination and micro~cross bedding are abundant (Figure 25,
page 66 and Figure 26, page 67). Greenish gray, light brownish gray and
grayish orange sandstones of the Rome were probably deposited on sand
flats and in the shallow subtidal zone., These orve cxemplified by the
following stratigraphic sequences:  Appendix PR units 147 Lo 153; DG 40/8;
NB 23; PH 25 and DR 4. These units are referred to in plates 1 to 5 as
representing beach to shallow subtidal cnvivonment. Sandstones of this
zone are well sorted becauee mud is winnowed from these sediments by the

continucus reworking by waves.
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Bioturbation and trace fossils are not common in this environment.
Sediments accurulating under ccnditions of high current velocities are
characterized by a shifting bottom, containing little mud and organic mat-
ter. This environment is unfavorable for deposit f{eeders which disturbd
the sediment and lcave their traces in it. The instability and low organic
+
content of these substrates result in bottom communities dominated by sus-

pension feeders (Purdy, 1964). The Skolithos zone in the Rome represents

such an environment cn the sand flat. The organism which left the verti-

cal burrows was mrobabtly a filter feeder which used the burrow as a dwelling.

Skolithos occur in guartzitic sandstone and sandy delomite (Appoendix PR
units 1295 0OR 61; YC 38, 16, 17; NB 13; BV 31; SC 10 and PC 35). in all
these sections, the Skolithos zone occurs at the top of the formation, in
units which are ccarser than the rest of the section. This coarsening up-

wards represents a transgressive cpisode Iin Rome deposition.

Tidal Flat Gullies

Within the intertidal zone channels are branched landward. The

neandering channels and gullies in the tidal flat are eroded usually by
ebb currents, and the dopth of these channels depends upen the tidal
range; with currents of a high tidal range croding deeper channels than
the currents of lew tidal range. The depth of these channels ranges [rom
tens of centimeters at the beach to 4 or 5 wmetors in the mud flat zone
landward {(Thompson, 1968} .

The sediment of channel fill is generally of a different nature
than the surrcunding sedisents,. Channel 111 sedinent is usually sandy

(Reineck and Singh, 1972).  According to MceKee (1957) chonnels on tidal
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flats are filled up by asymmetrical steeply inclined layers. These
inclined layers are produced by diagonally rassing currents. When the
tidal flats are still under water, and {low of water is contrciled more
by difference in water levels than by surface morphology, such diagonal
filling of channels is commonly obscrved. The steeply inclined accretion
layers when covered by horizontal beds of tidal flats, appear as
cross—-bedded units.

Perfectly preserved tidal flat gullies in the Rome are rare,
because such features are not well prescrved on a tidal flat {lleineck and
Singh, 1973). Szdiments cof the tidal flat gullies in the Romz are repre-
sented by clean coarse grained sandstone (Appendix, PR upnit 3}, alternate
coarse quartz sand and glauconitic sawrdstone laminae with red mud (Appen-—
dix, OR unit 58), and alternate laminae of lithoclasts; intraclasts,
coarse quartz, glauconite pellets and organic debris (Appendix, SHG unit
32). The laminae in these gullies have a steep dip at the bot&om and be-
come nearly horizeontal at the top (Tigure 59).

Sediments of the tidal gullies in the Rome differ completely from
the underlying and overlying sediments. At the Oak Ridge section the
underlying sediments are gravish red, fine grained, wvery thin bedded sand-
stone, while sediments above the gully are dark greenish gray laminated
shaly sandstenes. At Pine Ridge 7-75 the gully is underlain by grayish
red very {ine grained sandstone.  Sodiments of the tidal {lat gully at
Shoooks Gap are represented by a heterogeneous mixture of well rounded
hemat 3tic lithoclasts, intraclasts, coarsc quartz, well rounded glauconite
pellets superiicial ooids, and trilobite, Lrachiopod and echiinoderm frag-
ments all in a dolomitic matrix (Figures 60 and 61). The organic debris

and glauconite pellets indicate that thesc sediments werc washed by
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Figure 59. 1Inclined layers of clean quartz sandstone
(light) and glauconitic sandstone (gray) with
red mud (dark gray) representing a channel fill,
from Oak Ridge, unit 58, cm. scale.
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Figure 60. Photomicrograph of channel f£111 showing trilobite
fragments, intraclasts hematitic pebbles and ,coarse
quartz in a sparry dolomite matrix, Shooks Gap, unit
32, transmitted light, 25X.

Figure 61. Photomicrograph of channel fi1ll showing superficial
oolds, intraclasts, hematitic pebbles, coarse quartz
in a sparry dolomite matrix, Shooks Gap, unit 32, trans-
mitted 1ight, 25X.
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waves on the tidal flat from the subtidal zone. Intraclasts which are
rounded and coated with micrite could have been formed either by sub-
marine erosicn caused by storm waves or wave activity tearing dessicated
carbonate flakes on the tidal flat (Folk, 1959). Superficial coids were
formed in this environment, whille hematitic lithoclasts and coarse quarte
grains which are land derived were washed into the tidal channel.

The tidal fliat gully at the Oak Ridge scction has a flat top and
a concave bottow. It is about 3 m wide and 15 c¢m maximum deptn. The
channel at Pine Ridge seews to be larger, but its shape could nct he
determined becsuse the unit believed ro be a gully depcsit is partially
covered.

Another type of channel fill has been recognized at Young Creek
(Appendix, YC unit 26/2). 1t represents herizontal layers of laminated
shale and sandstone in a channel 2 m wide and 20 c¢m maxinmum depth. The
surrounding sediments are grayish red, thin to wmedium bedded, very fine-
grained sandstcne.  Aczcording to McKee (1957) norizontal layers are common
in chamnels which are not submerped; streams deposit sediments in a
channel bottom because of either an increase in sediment lozd or decrease
in stream velocity indicating rather rapid deposition.

Sediments of tidal flat gullies are limited vertically and horizon-
taliy, thus, their position in the Rome section is of no stratigraphic
aicpificance although nmost of the examples described excoept the one at

Pine Ridge 1-75, oceur close to the top of the sections.

IV. LAGOO:

Lagoon is the zone between mean low tide landward and a barricer

beach or island seaward similar to those along the present Texas coast.



The lagoon environment in the Rome is reprsented by the oolites in
Porterfield Gap and Young Creek section (Appendix PG unit 60; YC uvnit 12).
Superficial, single nucleate and composite ooids formed in such @sa envirou-
ment. According to Carozzi (1960), composite ooids form in quict enviroan-
ments which become occasionally turbulenc. The ooids in such an environ-
ment are not mature or well sorted. Freidman (1962) and Rusnak (1960)
reporlbed that such ooids are forming in the hypersaline Laguna Madre

along the south coast of Texas.

The lugoonael oolites inn the Rome have abundant composite coids
and glauconite pellets, while lithoclaste are commen (Figure 62).
lLaminated siltsicne above an erosicnal surface within the colites, indi-
cate that the oolites formed in a very shallow lagoon close to shore are
seen in Figure 63.

Another indicator of a lagoonal environment is the abundance of
glauconite in the Rore lithology. Glauconite forms only in reducing
marine envircnments (Porrenga, 1967; Millot, 19270), while its »resence
in laminated and micro cross-bedded red sandstones in the Rome, indicates
that it was transported from a subtidal environment to the tidal flat.

According

e

to Folk (1973) the environments of deposition ¢l both
limestone and dolemite are similar. Carbonate nmuds accumulate in low
energy envirowncnts such as lagoons, bavs or supratidal {lats. Intra-
snificance.

clastic limestones and doleoemites have the same environmental si

The presence of micritic carbonates in the Rome indicates that they were

J

&
4

deposited in quict enviropments, but the presence of intraclasts suggests
that these environments became turbulent occasionally.  Such conditions

could be found on a tidal flat where dntraclasts would form as a result

of desicecation and reworking by waves, or in a lagoon, as a result of



128

Figure 62. Photomicrograph of oolites from Porterfield Gap,
unit 60, showing composite ooids, glauconite pellets,
and some lithoclasts (black), transmitted light, 10X.

Figure 63. Photomicrograph of oolites with glauconite
pellets (black) with laminated siltstone in the
middle above an erosional surface, Young Creek,
unit 12, transmitted light, 4X.
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submarine erosion by ;torm waves. Where the intraclasts are angular,
poorly‘sorted and mixed with quartz, it is probable that they formad con
the tidal flat (Figure 64). Well rounded and well sorted intracla:;ts
indicate reworking bty currents for a longer time and thus suggest deposi-
tion in a lagoonal environmeni (Figure 65).

The position of lagoonal colites in the Rome is close tco the top
of the section {Appendix PG unit 60; SG unit 8; YU unit 12). The limestcnes
and dolomites in the Fome, are found randemly distributed throughout the
Rome sectior alternasting with sandstones and shales. Wliere the carbonates

are associated with halite casts, mud cracks, there was nc doubts as to

the environment of deposition being that of a tidal flat. Intraclastic
carbonates are referred to in Plates 1 to 5 as representing tidal flat
té shallow subtidal due to the common occurrence of intraclasts in both
environments. Examples of probable lagoonal carbonates in the Rome are

reprsented by the following units in the Appendix: PC units 88, 39; YC

unit 10; SG unit 8.

V. OOLITE SHOALS

The formation of typical carbonate ocids, requires water super-
satured with calcium carbonate along with strong and consistent agitation,
to provide proper physico-chemical conditions for precipitation arcund a
nueleus as well as to promote formation of even laminae arcund the nucleus
(Newell, Purdy and Imbrie, 1960). Modern ooid formation on a large scalce
is known onlily {rom very shallow, waru water environments with temperatures

o

e} PR . e - ' '
betwecen 247 aad 25.7 C (Lowenstum and Upsieinn, 1957; Bathurst, 1€67).

Modern oolites are forming on the Bahama Banks, the Mediterrancan coast
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Figure 64. Photomicrograph of poorly sorted subangular to
rounded intraclasts from Pine Ridge I-75; unit 118,
indicating tidal flat environment, transmitted
light, 4X.

Figure 65. Photomicrograph of well sorted, well rounded intra-
clasts from Nelson Branch, unit 22, indicating lagoonal
environment, transmitted light, 4X.
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of Africa, and the south shore of the Persian Gulf (Purdy, 1961, 1963;
Il1ling, 1954; Rusnsk, 1960; Heckel, 1972). 1In these areas, tidal currents
keep the grains in constant agitation. Deposits of oolite sand occur in
the form of tidal deltas, elongate bars, barchan dunes and lobes (Bail,
1667). Depth of water overlying the Bahama shoals ranges from intertidal
exposure at low tide to a maximum of 3 m (10 feet) (Purdy, 1960).

In the Rome Formation, Bahaman type oolites are found in the Pine
Ridge I-75 and 22k Ridge sections (Appendix PR unit 126, OR unit 56). The
ooids are mzture with wmany concentric laminae, many with glauconitic nuclei;
they are well scorted and interlaminated with well rounded glauconite pellets
(Figure 66). Colite shoals in the Rome were not extencive vertically or
hotizontally; the medium bedded oolite unit at Pine Ridge I-75 wedges out
in the Young Creek section where it is 7.5 cm thick (Appendix, YC unit 12).

According to Purdy (1960) there are many places along the barrier
rim of the Bahama Banks where oolite deposits are absent. The oclite
shoal at South Cat Cay and Brown Cay occurs as a single ridge ! tc 3 um
(0.63 to 1.9 miles) wide in which the long axis of the ridge is oriented
approximately normal to the direction of tidal flow; while at the head of
the Tongue of the (Ocean, oolite shoal ridges are parallel to the directicn
of tidal flow. The oolite shoals of the Rome were found only along strike
in the Pine Ridge belt, which indicates that the leong axis of the ocolite
ridge was porpendicular to the direction of tidal flow. The oolite zone
is absent in the Clinton section, perhaps as a result of faulting, or te
the fact that ocolite shoals are uot cxtensive areally.

Althouph oolites occur at Sharp Gap and Porterfield Gap about 60 n
below the top of the BRome in both localities (Appendix, SG unit &, PC unit

60), they differ from the colites at Pine Ridge. They are s3lightly older
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Figure 66. Photomicrograph of '"Bahaman-type" oolites
with glauconite pellets (black) some form the
nucleii of ooids; the oolites are dolomitized,
Pine Ridge I-75, unit 126, transmitted light,

25X. z
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and represent a lagoonal environment. Because the Rome Formation was
deposited in a transgressive sea over a gently sloping surface, the
alignment of Rome sections in Plate 6. indicates that the oolite zones
are not contemporanzoens, but represent vecurring conditions suitable for

the formation of ooids as the Rome sea transgressed westward. Characteris-

tics of the different environments in the Rome are summarized in Figure €7.

V1. HORIZOWTAL AND VERTICAL SLEGUIENCES IN THE ROME

Introduction

The horizontal jquence in a tidal f1 represents gently inclineqd,
laterally associated depositional zones which may be deposited one above
the other in a transgressive sequence. The tidal flat represents a transi-
tional zone between the continental deposits landward and marine deposits
seaward, where it is associated with coastal sediments. The tidal [lat
sediments arc differentiated into supertidal deposits, mud flat, mied
flat, sand flar and subtidal deposits. According to Reineck (1972) a
transgressive segquence on a tidal flat shows from top to bottom the fol-

lTowing sediments:

1. Send flat deposits 4. Brackish or fresh water clav
2. Mixed flat deposits 5. Peat
3. Mud flat deposits 6. Older sediments

In a regressive scequence, the order is reversed with peat at the top and
sand f{lat deposits at the bettom. In many cases of ancient and wodern
tidal {lats, the above sequences mav not be fully developed (4

1968; ¥lcin, 1970; Rani and Boevusma, 1971). Reineck (1972) dndicated thae
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Mud flat Mud ecracks, ripple marics Gravish red shale, siltstcne

Mixed flat

Sand flat

Tidal Flat
Gullies

Oolite
Shoal

Figure 67.

tidal balls.
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stone tongues of the sand flat.

feds

Greenish gray, pale vellowish
brown thin to thick beddecd
fine grained sandstone, well
sorted. Shale

Coarse to very coarsg
slauconite, litheclast
clasts and trilobite fragments,
transported burrow casts, all
of which differ from the sur-
rounding sediments. C{iannel
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and

"Bahaman type' oolites,
glauconitic sandstcne.

cnvironments in the Rome.



major controlling factor in developing the sequence is the availability

of appropriate sediwents.

Pine Ridge Belt

The Rome Formation as a whole represents a transgressive sequence
which coarsens upward. Within this general sequence there are transgressive
and regressive phases within the tidal flat zone. DBecause the Pime Ridge
I-75 (PR) section is the best exposure in the Pine Ridge belt, it will be
used to illustrate transgressive and regressive sequences within this
belt.

The bottom of the Rome section at Pine Ridge I-75, units 1-87
(Appendix) is made up of red shale, siltstone, very fine—grained sandastene
with occasional thin to medium bedded limestone and dolomite. The red
beds, mud cracks aznd halite casts represent the supratidal and mud flat
zones in the Rowme, PR units 1, 9, 35, 70 and 86 (4Aprendix) represent a
supratidal zone as indicated by the presence of halite casts, Scoyenia,
birdseye structure (in dolomite) and the absence of bioturbation. The
rest of the units represent the mud flat deposits with occasional inter-—
tonguing of mixed flat sediments {(Appendix PR units 37, 43, 43). This
part of the Rome section (units 1 to 87) represents a regressive scquence
with sediments prograding scaward. Thick intraclastic limestonre units
88 and 90 (Aprendix PU) and the dntervening abhale (unit 89) prebavly
accumrilated in a lagoon enviroument and indicate a transgressive sequence.
Units 91 to 103 {(Appendix PR) are made up of olive gray, dusky vellow and
greenish gray shale, siltstone and sandstone. The occurrence of alteranate

laminated shale and sandstone, {laser bedding and occasional bioturbaticon
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indicate a mixed flat zone. The above sequence contains units of grayish
red shale and sandstone, representing tongues of the mud filat {(Appendix

PR units 98, 100/3, 103/3). Tongues of the sand flat are represented by
greenish gray sandstone (Appendix PR unit 92), Thin bedded dolomites and
limestones occur more frequently between units 108 and 124. This part of
the section contains red beds alternating with greenish gray szndstone and
shale. The sequence is composed of alternatirg layers of mixed Ilat
deposits and lagoonal carbonates that indicate transgressive and regressive
phases within the mixed flat zone. Units 125 and 126 are made up of
coarse, greenish black glauconitic sandstone overlain by oolites that
represent matine shcals. There is no doubt that this zene whichi is 1 o
(3 feet) thick, represents a transgressive phase, Units 127 to 134 con-
tain the Skolithos zone; frequent coarse sandstone units represent the
beach or low sand flat environment; while transported burrow casts indicate
a channel deposit. *ost of the beds above the oolite zone are greenish
gray sandstone and shaly sandstone with occasional grayish red sandstone,
probably tongues of the mixed flat. This scquence indicates the continued
transgression which started when the colites were deposited. Units 135

to 145 are made up of very thin to thin bedded greenish gray ssndstone

and laminated shale with gravish red laminated sandstones and shales.
Bioturbation is common in both grayish red and greenish gray beds. This
sequence represents an intertonguing of mud flat and znnd flat sediments
in the mixed flat zone. Thus reflecting a short regressive phase. Units
146 to 153 are characterized by the dominance of greenish gray and pale
yellowish brown thin to wedium bedded sandstone, while shale is rare at

the bottom and abscent at the top. This sequence represents the sand flat



zone. The different sequences in the Pine Ridge I-75 section are

summarized in Figure 68.

Bullrun Ridge Belt

The Bullrun Ridge sections show a general transgressive sequence
from bottom to top, with red beds more abundant at the bottom and absent
at the top. The Diggs Gap section (DG) is used here :to represant the
Bullrun Ridge belt. The dolomitic sandstone, dolomite, and greenish
gray quartzitic sandstone (Appendix DG units 1 to 3) probably represents
a shallow lagoon and sand flat zone, with a unit of grayish red shale
(unit 2) representing a tongue of the mud flat, but the whole sequence
indicates a transgressive phase. Units 4 to 10 (Appendix DG) are made
up of grayish red sandstone and shale alternating with greenish gray sand-
stone and shale. This sequence is indicative of a mixed flat zone.

Units 11 to 18 (Appendix DG) are made up of grayish red shale and very
fine-grained sandstone. This sequence includes, tidal balls, and abundant

Rusophycus and Cruiziana and thus indicates the mud flat zone. Alternate

units of laminated grayish red and greenish gray sandstone &nd shale, with
occasional bioturbated units (Appendix DG units 19 to 38) indicate a mixed
flat zone with tongues of the mud flat and sand flat zones. Units 39 to

40 (Appendix DG) are made up of light olive gray shale overlain by greenisl
gray and pale vellewish brown sandstone. The shales prebebly accumulated
in a lagoonal envirenment, while the sandstones represent the sand f[lat

zone. The difierent phases in Diggs Gap are summarized in Figure 69.
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Beaver Ridge Crippen Gap (CG)

Like the other exposures, the Crippeun Gap section shows a general
transgreossive sequence from bottom to top. Dolomite and delomitic sand-
stone with a Skolithos horizon (Appendix CG units 1 to 5) represent lagoonnl
and sand flat =zones; the grayish red laminated to thin bedded sandstone
(unit 3) is a tongue of the mud flat zone. Units 6 to 7 (Appendiz CG) con-
tain greenish gray alternate laminated sanastone and shale, with sandstone
being domiunanit. These deposits indicate a mixed flat zone. Units § to
27 (Appendix (G) are made up of grayish red sandstone and shale. Mud
cracks are common, and together with Planclites and Rusophycus indicate a
mud flat zone. Within this sequence there are two horizons representing

the supratidal zone, indicated by the presence of Scovenia (unit 15) and

™o

conglomerates (units 23 %c 25), Units 28 to 35 (Appendix CG) are made up
of greenish gray sandstone and shale with sandy dolomite in the middle
containing a prominent Skolithos zone. Bergaueria at the top of the sec-
tion in unit 35 suggest marine conditions (Crimes, 1970}). Thus the
whole sequence represents lagoonal and sand flat environments, with the
exception of a medium bedded grayish red saudstone bed with Scoyenia
(Appendix CG unit 33) that represgents a supratidal tongue, probably on a

barrier island. ‘lhe different phases in the Crippen Gap secticn are

summarized in Figure 70.

Sharp Gap (8G)

The Sharp Gap exposure sjmilar to the Pine Ridge, Diggs Gap and
Crippen Cap =cction, has wvo red beds at the top of the sectien, indicating

a general transgressive sequence upwards. The beds overlying the Saltville
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fault are, from bottom upward, sandy dolomites, grayish red, laminated
to very thin bedded sandstone, and intraclastic and eolitic dolomite;
this sequence found in units 1 to 8 (Appendix SG) represents a lagoonal
environment, while the red beds indicate a tongue of the amud flat zone.
Units 9 and 10 are made up of light olive gray sandstone at the bottom
becoming gradually grayish red at the top. Skolithos in the greenish
gray sandstone indicate a high sand flat =zone, because above the
Skolithos, Scoycuia in red sandstone represent a tongue of the supratidal
zone (Appendix SC unit 11). The rest of the section (Apprendix SG units
12 to 48) ig made up of greenish gray, grayish brown and moderate yellow-
ish brown sandstose and shale alternating with grayish red sandstone aud
shale. The alternating laminated shale and sandstone, flaser bedding and
occasional nud cracks indicate a mixed flat zone with occasional mnud
flat tongues. Tongues of the sand flat zone are represented by thin to

medium bedded sandstones (Appendix SG units 44/4, 41, 39). The diiferent

phases in the Sharp Gap section are summarized in Figure 71.

Porterfield GCap (PG)

The Porterficld Gap section more than any other section in the

e

study arca, shows the repeated occurrvence of hazlite casts represcuting

the supratidal zone (Appendix PG units 8, 22, 24, 42, 47, 54, 63). The
bottom ot the section (units 1 to 31) represents a repressive sequence with
abundant halite casts and mud cracks in red beds, indicating supratidal
and mud {lat eaviromnents; the dolomites which are interbedded with red

beds {(Sppendis PO oanits 3, 11, 12, 13, 17, 18, 19) belong to the supra-

tidal and mud flat zones, as indicated by the halite casts and mud cracks
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below and above the dolomites. Units 32 to 38 are made up of thick
bedded dolemite and very thick bedded quartzitic sandstone which accunu-
lated in a sand flat, or subtidal zone while the deolomites were deposited
in a quiet lagoon. The grayish red, very fine-grained sandstone in unit
39 represent a thick sequence (27 m) of nud flat deposits. Units 40 to 42
are made up of sandy dolomite, quartzitic sandstone and gravish red,
laminated sandstone and shale with halite casts and mud cracks, ali of
which are characteristic of the supratidal zoune. A mixed flat zuae is
illustrated by a sequence of alternate greenish gray lawminated sandstone
and shale which is overlain by sandy dolomite and light grayish oraange
sandstone (Appendix PC urnits 43 - 45) representing tongues of the sand
flat and lagoonal sediments. Unit 46 which overlies the covered interval
is made up of greenish gray laminated sandstone and shale indicating a
mixed flat toc. Unit 47 is made up of grayish red siliy sandstone with mud
cracks and halite casts showing another supratidal zone. This zene is
overlain by sandy dolomite, dolomitic sandstone, grayish red sandstone,
pale brown quartzitic sandstone and dolomite (units 48 to 52). Tongues
of the sand flat are shown by the presence of quartzitic sandstone and

Rusophy in unit 51, The gravish red sandstonce and dolomite with nalite

casts in units 53 and 54 indicate that the whole sequence of uunits 47 to
54 belong to the supratidal zone. The units above this zone arc made up

1

wd

of dolomite, smndstone, dolomite sandstoue and alternating grayish ¢
sandstene and shale. One characteristic of these units (Appendix PG units
55 = 59} is the presence of trace fossils such as Skolithos and Planolites

which are absent from supratidal covironmeats.  Thus this sequence roepre-

sents a lageonal environment with tongues of the sand [lat and mud flat
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zones. The top of unit 59 which contains large Rusophycus and an oclite
zone (unit 60) together with pale brown savdstone and glauconitic,
greenish gray, shaly sandstone (units 61 and 62) represent a lagocnal
zone. This zone is cverlain by red bheds with nalite casms, wmud cracks
and rain prints (unit 63) all of which are indicative of the supratidal
zone. The differeni phases at Povierfield Gap are summarized in TFigure
72.

From the above transgressive and regressive sequences, it is clearv

that the ses remained verv shallow over the Rome tidalt flats as sedi-

mentation kept pace with slow subsidence.

VII. CORRELATIUN OF TRANSGRESSIVE AND REGRESSIVE SEQUENCES

The Rome sediments were deposited in environments ranging from
the supratidal zone to the shallow subtidal zone. In an ideal transgres—
sive sequence, supratidal and mud {lat deposits are overlain by mixed
flat deposits which grade upwards into sand 1lat and shallow subtidal

depesits (Figure 73). This seguence reflects the horizontal position

of these zones acress a tidal flat with a uniform slope. Iilowever, the

width of the difforent zounes on the tidal flat, and the
deposits in & zouc, in a transgressive or regressive scquence depend upon

1

the local topographv. Sand flat deposits uay overlie supratidal deposits

in a lransgressive seqguence (Thompson, 19633, Such abrupt changes in

sedimentation could be seen in the Pine Ridge I-75 and Perterfield Cap
soction (Figure 68, pupe 138 and Figure 72) where Tagoonal deposits over-

Pie supracidal deposits and visa versa.



Units

Thickrecs

Zone

flat

Land Tidal

145

Sea

WW///’//QDWW

% 5.00 Supratidal
59-62 11.48 Lavoon

55-59

.38

Sand flat

47-54

.50

Supratidal

46

Ay

NI r ] 4 g B
Hixed tiat

Dy

! ‘/ A‘
(s ::/_.4“

Coverced

.20

43-45

tinec ilnt

40-42

S
] AR
e G/

Supratidal

/4222}?77??7v»

Covered

.30

39

.30

Mud flat

L

L4,

90

Lagoon - sand flat

1-31

40

Supratidal and
nud flat

£

f}yyﬁfm“’l

Figure 7

al T —y oy P 2
2. Transgressd

S

Porterficld Gap secticn

eoowiriii

the



Tigh tide A o

Kt

P N
UG Daell

“igure 73. Tdea! vertical scguence of transgressive and regressive deposits in a tidal flat. (Modified
from Reinvck, 1973).

IS

e}



147

The correlation of transgressive and regressive sequences in the
different Rome sections across strike (Figure 74) indicates that the
sequences at the bottoms of the Pine Ridge and Porterfield Gap scctions
represent prograding deposits of the mud flat and supratidal zomes
(Appendix PR units 1 te 87, PG units 1 to 31). Although prograding
(regressive) and rectregrading (transgressive) deposits alternate at the
top of the sections (Figure 74) there is a general transgressive trend

above the fellcowing

o

units: PR unit 87, DG unit 18, CG unit 27, 8 unit

o

11 and PG unit 54 (Figures 3 to 72). Although individual beds cannct

be traced across the strike in the Rome Formation, transgreasive and
regressive sequences hased on environmental interpretation cun be cor-
related successfully, taking into consideration the local environments

in each belt. The alignment of these sequences shows that the contact
between the Rome and the Pumpkin Valley Shale is a gently sloping surface
When the palinspastic distance between the Pine Ridge and Bays Mcuntain
is considered, it becomes clear that the Rome deposits are vounger west-—

ward as the Rome sea advanced in that direction.
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CHAPTER VII

CORRELATION OF THE ROME FORMATION

I. INTRODUCTION

One of the main ewjectives of this study is the correlaticn of
the Rome Formation parallel to and across strike. Within the study area,
units of the Yome can be traced easily along strike for long distances.
The detailed <cudy of the Rome stratigraphy revealed the prescnce of
marker beds. These beds or sequences could be lithologically correlated
fer more thaw 40 km (235 miles) in one strike belt and for shorter distances
in others. Coirelation across strike was achieved through tlie tracing of
the oolite zome and the Skolithos zone above it. liese twd zones which
are not cecntinucus from southeast to northwest mark the upper part of the
Rome Formation. These two zones in the different belts are not contom-

poranecus, bui represent similar environments at those levels.

ITI. PINE RIDGE BELT

Four sections were studied along Pine Ridge (Plate 1). Because
the botton of the formation is favlted ovut by the Whitecak dountaio lault,
oniv the upper part can be correlated. In fact, there is an entire
sequence of beds which can be traced along strike in this belt. The
ovlite zone which cecurs in all the scctions cxcept Clinton was chogen
as the datum planz. This zone is followed upwards by a sequence of units
(Table 6) which were traced over a distance of wmore than 40 km (25 nmiles)
from Pine Ridge i-75 in the vortheast to Young Creek in the soutbwost,

These units from bottom upward cousist of medium-to coarse-grained

149
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Table 6. Sequence cf units which can be traced along the Pine Ridge
belt. For more detail sce Appendix.

Pine Ridge I-75 Clinteonn GCak Ridge Young Creek

L Unit Unit __Unit Unit
Transported burrow casts 134 - 70 22
Bioturbated , 132 - 63 18
Skolithos zone 127/1 ‘ - 61 16 and 17
Coarse sandstone 127/3 .. li 58 15

Oolitic zoite 126 - 56 12
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quartz sandstone, Skolithos zone, bioturbated horizon and transported
burrow casts (Figure 75). This sequence of units indicates that the

Rome Yormation in Pine Ridge in the study area can be correlated al

ong
strike.

There is a problem in the Pine Ridge belt, as to where te drcaw
the boundary between the Rome and the Pumpkin Valley Shale. At Pine
Ridge I-75 there is a prominent sandstone unit 1.77 m thick (Appendix PR
unit 153) 60 m above the oolite zone. This unit marks the top of the Rome
here, but at Oak Ridge the top is covered end at Young Creek the top sand-
stone unit is not as precminent as that at Pine Ridge I-75. Iecause the
oolite zone occurs in the above sections and was used as a dzatum plane,

the top of the Rome at Oak Ridge and Young Creek was drawn 60 m (200 feet)

above the oolite zone.
ITII. BULLRUN RIDGE BELT

The Bullrun Ridge sections, compared te other Rome sections, are

the most faulted, and many layers represented in the sections are folded.

]

Although this deformation complicates the stratigraphy, unit=: within the

Rome in this belt were traced for a distance of 20 km (12.5 wilesg) {from

15 Gap in tibe northeast to Pumphouse Road in the southwest (Plate 2).

The Digegs Gap, Nelson Branch and Pumphouse Road sections have scme units

1

< { units like

which are similar in appearance, but there is an scquence of
that in the Pine Ridge belt. Tidal balls are found in the Pumphousc Road
(unit 3) and Diggs Gap sections (unit 11) but they are absent in the
Nelson Brench section.  Abundant Rusophveus and Cruziana in the red beds

of unit 10 are similar to those at Diggs Gap unit 11 and are considered

O

to represent the same stratigraphic horizon. Thick bedded sandstone
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Figure 75. Transported burrow casts, Young Creek, unit 22, 0.5X.
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units occur at the top of the three sections. At Diggs Gap the thick-

bedded sandstore is feund at the bottom of unit 40; at Nelson Branch in

unit 23; and at Puwmpbouse Road it is found in unit 25. These unics are

the only thick~bedded sandstonecs at the top of these sections, indicating tho
same stratigraphic zone. The Copper Creek fault was used as a datum plane

for the Bullrun Ridge scctions (Plate 2) because there is no common strati-

graphic horizon to put them at the samne level. This proved to be satis-

factory feor the Digps Gap, Yelson Branch and Punpiiouse Road sections., AL

Nelson and Pumvhouse ¥oad - a distance ¢f 12 im - two zores fould be
traced. In the KNelson Branch section these two zones are 2 18 cm thick,
bioturbated, grayisih black sandstone (unit 15) and a derk gray dolonmite
bed 1.15 m thick unit 22. The same beds are {ound at Pumpnouse Road,
wvhere the bioturbated sandstcene in unit 20 is 10 wm thick and the dolemite

bed in unit 25 is 35 cm thick.

~
o

The bug Ridge section, althougi: it appears to be undisturbed Dy
folding or fanlting, does not hawve any units which couid bz traced into
the Puwphouse Road gecticn 21 km to the northeast (Plare 2). The thick-
bedded sandstone cceurs just above the faulib at the hage of the section
(Appendix DU units 4 and 5) instead of at the top like the other three
sections. The ton of the section is covered, and it is peossible that
hiere night be bedding plane thrust faults which are not readily apparent.
tweon the Rome and thoe overlyving Pumpkin Volloy
doe, was drawn above the [irst prominent sandstonc
unit below the Conasauga Shale. No colite zone was found in any of the

sections of this belt in the study area. The corrvelated units within this

belt arce summarizoed in Table 7.



Table 7. Cerrelated units in the Bullrun Ridge belt. For mere
detail see Appendix.
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Thick-bedded sardstonc
Dolomite bed
Bioturbated sandstone
Tidal balls, Rusophycus

and Cruziaua

Dug Ridge Punmphousc “elson Branch Digus Gap
Road
Unit Unit Unit Unit
- 25 23 4Q
- 23 20 -
- 20 16 -
- 3 10 11




IV. BEAVER RIDGLE BELT

The Crippen Gap outcrop is the only woll exposed scction along
Beaver Ridge. Although, this section has features similar to other Rome
exposures, such as red beds, mud cracks, local dolomite beds and occasional
coarse sandstone horizons, the facies across the strike are not continuous
(Plate 6). DNo oolite zone was found in this section, but the Skolithos
zone which is found above the oolite zone in the Pine Ridge belt and Sharp

.

Gap is present. Lither the colite zome did not extend into this belt or
it is faulted out. The top of the Rome was drawn above the {irst sandstone

unit below the Pumpikin Vzlley Shale.

V. SHARP RIDGE

-
tr1
!
—

The two sections measured along Sharp Ridge, Sharp Gap and First
Creek are 5 km epart. Only the pettom units above the Saltwille fault
can be correlsated. Thus this fault was chosen as a datum plane for the

’

two sections. The dolomite units at the bottom of both sections are
similar in appearance and represent the same dolomite zone cut by tne
Saltville fault. The sequence of beds at the bottowm of the First Creek
section (units lto 1) could be traced into units 1 to & in the Sharp

Gap scction (Plate 4). Dolomite beds 12 m above the Saltville fault at
First Creek are interbedded with sandstone and shale lavers, while at
Sharp Gap toe dolemite beds 15 m wpove the fault are not interpedded with
clastics, indicating that carbonates intertongue with clastics parallel
to strike., Upwards above the dolomite beds, the twe sections have no

the tivst Creek section is folded and faulted and completely

digturbed. The top of the Rome was drawn above the first sandstone unit



—
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below the Pumpkin Valley Shale. This happened to be about 60 m above

the oolite zone in the Sharp Gap section.

VI. BAYS MOUNTAIN BELY

The lithelogy of the Rome at Bays dMountain differs from the other
Rome belts in that carbonates are more abundant here. The carbonates
are dominantly dolomites that arve medium to thick-bedded, white to medium
gray and occur througnout the Home section at Porterfieid Gap. Mud cracks
and halite crystal casts are abundant in this seztion irn botn clastic asd
carbonate units. The Shecks Gap section is poorly exwossd, and only the
top part of the section where the colite zeone (unit 32) is found, could
be correlated with that at Porterfield Gap {unit 60). The oolite zone
was chosen as the datum plane since it occurs in both sections (Plate 5);
the two sections are 5.6 km (3.5 miles) apart. The top of tite Rome and
the Pumpkin Valley Snale are coverad in boeth sections, thus the nature
of the contac: betwecn the two could not be determined. However, Rodgers

and Kent (1948} found an ocolite zone 53 m (177 fezt) Haolow rhe ton of the

Rome in the Lee Valley section which iz i ohe

Mountzin. Thus the boundary between thne Rouwe and the Pu

Shale was drawn about 60 m (200 feat) above the colite zoae in

Gap (Plate 6).

1. CORRELATION OF TiHE ROME ACROSS STRIKE

beds within each

As nmenticned earlier there are definite marker
Rome boelt, but oot all of thesce beds are correlatable from welt to belt

across strike.  Oaly the colite and the Skolithos zones could be traced

across strike, even then the two zones are not found in zll thie belts in
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the study area {Table 8). The oolite zone which ranges in thickness from
7.5 cm (3 inches) te 56 cm (22 inches) occurs 60 m below the top of the
Rome YFormation. At Pine Ridge I-75 the cclite zone is in uunit 1206;

Oak Ridge, unit 56; Younp Creel unit 12; Sharp Gap, tep of unit 8; Perter-
field Gap, univ 60, and shooks Gap unit 32 (see Appendix). No such zone
was found in the Bullrun Ridge or Beaver Ridge sections. Either it did
not extend into those areas or it is faulted out.

The topmost Skolithos zone at Crippen Gap (unit 33) is about 18 m
below the teop of the section. This zone is found in the Pine Kidge belt
{(Table 6, page 147) aad Sharp Gap (unit 10) 4 to 38 m above the colite zone,
while at Nelson Branch the Skolithos zone {(unit 13) is 20 m below the top
of the section. Where the oolite zone is missing the Skolithos zone can
be used instead f{or correlation across strike. Thus the above two zones
in the Rome Formation could be traced over a palinspastic distance of 1053
kin (66 miles), freom Pine Ridge in the northwest to Bays Mountain in the

southeast (Plate 6).

IX. AGE AND RELATIONSHIP TO OTHER FORMATIONS

Introduction

The rocks of the Valley and Ridge Province in Tennessec are cut
by a series of northeast - trending thrust faults. Worthwestward movement
along these fzolts is measured in kilometers (Plate 6). The thrust sheots
obscure regicnal facies changes by bringing rocks deposited at different
times and in diflerent parts of the Rome basin of deposition into close
proximity, Within the different Reme belts the Titholegy rewedns relatliwve:

counstantl, but across fault belts the facies dificr. In order to remove



Table 8. Correlated Skolithos and oolite zones in the Rome Formation across strike.

Pine Ridge Nelson Branch  Beaver Ridge Sharp Gap Porterfield Gap

) Unit Unit Unit tnit Unit
Skolithns zoue 127/3 13 1% 10 -
Colite zene 126 - - 8 60
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the effect of shortening of the depositional basin by thrusting, the
sections were restored to their relative position before thrusting (Plate
6) according to an unpublished structural section across the Valley aad
Ridge Province by Dietrich Roeder (1975).

Stratigraphic studies of the exposed Rome Formation in Tennessee
are complicated because the base of the Rcme is marked by major thrust
faults. Key beds were established in the formation in the study ared.
The oolite zene at Pine kidge, Sharp Gap and Bays Mountain, about 60 m
(200 feet) below the top of the Rome, was used as a marker bed (Plate 6)}.

The top Skolithes zone at Crippen Gap about 18 m (6C feet) belew the top

of the Rome, marks a distinct horizon which 1is common to
Sharp Gap and Xelson Branch; but there is no zone in the Rome that is
continuous and commmon to all the exposed sections and the subsurface in

Tennessce.

X. ROME - CONASAUGA RELATIOWSHIP

The Conasauga Group of Tennessee is composed of six alternating
units of shale and limestone. The lowerwmost, the Pumpkis Valley Shale,
consists of interbedacd shale, siltstone and thin glavconitic sandy beds.
The shales and siltstones are red, green and brown. The siltstone be-
comes more abundunit towards the northwest. The other ¢hale units, the

silty but contain thin beds

o]

Rogersville and wolichucky shales are les
of limestone vwhich ave either oolitic wor intraclastic. The two lime-
stones, Rutledge and Maryville Formations, thin abruptly toward the

northwest {Ficure 4, page  §).  The Maynardville, made up of o lower

limestone and an upper dolomite, is persistent in outcrop and in the

subsurface. The Copper Ridge Dolomite and jts equivalent to the
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novtheast, the Conococheague Limestone, - overlying the Conasauga CGroup -
attain thicknesces of up to 300 m (1000 feet) and are also promiineunt ir

outcrops aud in the subsurface in Tennessee (Plate 6).

A compariseon of mecasured sections of the Rome Formation, the

14

Conasauga Group and the Copper Ridge Dolomite and its equivaleants the
Concocheague shows that the Copper Ridge Dojlomite is persistent in
exposures and in the subsurface; hence, the top of the Ccpper Ridge
Dolemite and its equivalcats were used as a refevence datum for this
study (Plete ¢). With the sectiouns aligned on the top of the Copper
Ridge Dolemite, it is readily apparent that the contact between the Roume
and the Conasauge Crcoup rises towards the northwest. Thus by lateral
gradation the top of the Rome in the subsurface is a facies equivalent
of the lower Cerasauga in the Appalachian Valley in Tennessee. This
indicates that the Pumpkin Valley Shale Formation is a facies equivalent
to the upper Rome westward and northwestward (Plate 6). Since the Reme
rests on the basewcent in central Tennessee and probably in the Valley
and Ridge Province (Plate 6), it is assumed that the entire szdimentary
sequence was deposited by northwestward transgressive Lower and Middle
Cambrian secas.

X1l. AGE OF THE ROE

=1

- . . . e .
ledpers (1933) conedidored the Dowme to be Lower Combrian in

throughout the Valley and Ridge Province afrter renaming the upper Rome

shale the Pumpkin Valley Shale. This separation of the shale unit from

¢d upon the presence in the Pumpitin Valley of alokistocarid

the
Middle Cambrian. This decision

trilobites which are characteristic o1 the

to consider #11 the Rome Barly Cambrian in age might not be correct,
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because Middle Cambrian fossils in the Lee Valley sectiecn - on which
Redgers and Kent (1948) based their decision - appear 75 m {247 feet)
above the Rome. This still leaves the age of a considerable part of the
upper Rome and the lower Pumpkin Valley Shale disputable. Since the Rome
represents a transgressive unit, it becomes younger in age northwestward.
Thus the Rome’s time span is not limited to the lower Cambrian (see
McLaughlin, 197%). Accerding to Amcco geologists (Tennessee Division of
Geology, 1974) tihe contact between tne Rome and the Maynardville in Driver
No. 1 well (Plate &) is marked by a fault. This wmeans that the uvper
Cambrian Nolichueky Shale is missing, and leaves in doubt the sge of the
Rome in central Tennessee. Hewever, Harris (1964) reports that the
Cenasauga Shale pirnches out westward in the subsurface of central
Kentucky. He shows that the Conasauge is }Middle Cambrian in the Appala-
ihue the Rome Formation

chain Valley and Lete Cambrian in the subsurface.

in the subsurface in central Tennessee is probably of Middle Cembrian age.

Z1T. ROME - SHADY RELATIOASHIP

The interpreted relationshiip befween the Rome and the underlying

Shady Dolomive i based on the correlation of three sections in the sane

strike belt in northeast Tenunezsce. Ring et al. (1944) reported the

P‘V\

presence of 22 to 30 m (75 to 180 feet) of transition beds from dolemites
in the Shadv o shale in the Rome. These beds arve compescod of silty and

shaly delopite and doleomitic shale, with a bed of wassive blue -~ gray

absent in the transition

.
0]

dolomite near the middle (Plate 6). Red shale
interval, bat occcurs in units at the top of the Rome. Below the Rowme, the
Shady Delomite consists largelv of blue-gray and white dolomite, but in-

cludes a small amount of limestone and a few thin beds of shale. Galites



near the top of the formation in the Damascus section, southwest
Virginia, iudicate that the Shady Dolomite was deposited in a vory

atiouship be-

[

shallow wiarine environment. From the general facics re
tween the Rewe and tho overlving Conasauga Croup, it is clear that the
centact between the two is neither sharp vnor hovizontal. Similarly thisg
relationship probably appiies to the Shady and the Rome. If move continu-
ous sections of the Shady and the Rome were available across strike,
dolomites of the leower Rome would prebably be found to merpe eastward

into the Shady Delomite, sinilar to the merging of the Ru

or

ledge and

g
Maryville limestones into the Honaker Dolomite (Vigure 76). The transi-
tion beds at the vottom of the Rome suggest that there mignht be such &
relationship. Clastics of the Rome were deposited west of the eastern
edge of the present Appalachian Valley, while carbonates of the Shady wera
depusited castward. This relationship is partly similar to that within
the clastic and carbonate units within the Conasauga Group, and applies

to the Rowe and the Shady only southeast of the Valley and Ridge Province.
Judging irvom the general facles relationships, and the paleogeographic

history of the southern Appalachians, the upper Shady is probably an cast-

ward and scutheoastward facies equivalent of the lower Rome.
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CHAPTER VIII

PALEOGEOGRAPHY

1. SOURCE OF TUE ROME SEDINENTS

It has been indicated in wany Appalachian studies of the Lewer
Cawbrian, Harvey and Maher (1948), Rodgers (1953), Woodward (1949, 1961),

Freeman (1953}, Coiton (1970), that the source of sediments was generally

from the west. Portijiohn (1970) showed that during Cambrian time sedi-
ment and svutheastward intc the Appalachian geo-

syncline, In *this study, sand-shale ratios, clastic ratios, cross-
bedding and ripple warks were used te determine the source of the LHome
Formation in the study area.

Although measurenents cf symmetrical ripple marks are limited {(see
Table 9), thev indicate a general east - west curvent with a mean direction
of 103° end 2 shore linme which runs in a north - south direction. l.arge

™
I

scale cross-bedding is scarce in the Rome Formaticn; congequently, only

eight measurements were available for measurement and those were from
12 1 b o . . - ,-O,-

sandstonc and oclite beds (Tahle ©). A mean directicn of le5 from

cross-bedding reoadings supgests a general paleocurrent direction from the

northwest.

Sand--shale ratios computed for the Rome scctions in czst Tennessec
Table 10 and Figure 77), do not show neaningful trends, because the
exposed uppermost parts are mostly sandstone.  Second the rapid inter-

tonguing of sandstone, siltstoue, shele and carbonates in very siballow

enviroennentes docvs not lend itscelt to the determination of distinct trends.
wme clastics from very coarse sandstione to shale were deposited in
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Table 9. C(Cross—-bedding and Ripple marks current directions in the study area.

Cross-bedding

Ripple Marks

LLocation Direction Lithology Location Current Direction
. . - 0 \ . e
Pine Ridge, I-75 140 Sand Diggs Gap )
® . ‘ , -0
150 Ovlite Nelson Branch 97
. . =0 . .0
Cak Ridge 165 Qolite 125
0 . . . -0
250 Sand Pumphouse Road 107
. . ”e O . )
Young Creek 125 Oolite 153
1m0 . PN
136 Sand Crippen Gap 30
o . e
Sharp Gap 140 Sand 35
. 9 - . o)
Shooks Gap 210 Colite 65
o
155
~ . O
Sharp Ridge 65
o)
110
o)
85
o
110
¢
169
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Tible 9. (Continued)

Cross-bedding Ripple Marks
~_Location Directien Litheleogy Location Current Direction

Porterfield Gap 85

140

(0] 40

Mean Directien 165 103

Standard deviation +15.5

991



Table 10. Sand-shale and clastic ratios of the Rome Formation in East Tennessee and
southwest Virginia.

Sand
Shale Clastic
Section Ratio Ratio Dominant Lithology Author
Pine Ridge, 1-73 3.0 8.0 Sandstona-Shale This work
Clinton 1.0 eau<stoﬂe -Shale This work
Oak Ridge 2.0 94.0 andstcne-Shale This work
Ycung Creek 4.0 16.0 Sanu»tone Shalie This work
Dipgs Cap 4.0 16.0 Sandstone~Shale Thnis work
Neison Branch 6.5 16.0 Sand@tonem%hale This work
Pumphouse Road 5.0 29.0 Sandstone—-Shale This work
Dus Ridge 14.0 5.C andstone—Caroonate This wor!
Crippen Gap 32.0 3.2 Sandstone-Carbonat This werk
Firast Creex 2.0 3.0 Sandstone~-Carbonate This work
Starp Gap 5.2 4.5 Sandstone-Carbonate This work
Porrerfield Gap 4.0 1.5 Sandstone-Carbonate This work
Shooks Gap 6.5 58.0 Siltcstone-Shale This work
Zeaver Ridge Hines Valley 3/8 8.0 Shale-Sand Spigai, 63 Locality 1
Log Meuntadin Dutch Valley 3/4 8.0 Shale-Sand Spigail, 03 Locality 2
Dug Ridpe Poplar Sprlngs 1/4 3.0 Shale~Lime Spigai, 63 Locality 3
Sectlon 25 NE Tennessee 1/8 5.0 Shale-Carbonate King, 1960
Section 29 SW Virginia 1/8 3.0 Shale~Carbonate King, 1960
Lee Vallay . Pine Ridge 1/5 3.0 Shale-Carbonate Rodgers and Kent, 1948

warts Bar Dam 10 Sandstone-Shale Fox, 1943
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supratidal to subtidal transitional environments which mask any clastic
trends. The formation in the study area represents a transition between
the predominantly shaly Rome in northeast Tennessee and the predomioantly
sandy Rome to the west.

Clastic ratios show a clearer trend with a general increase in
carbonates towards the east (Figure 78). The clastic ratio in the Shooks
Gap section is not representative of the Bays Mountain belt, because most
of the section is covered or missing. Carbonates of the Rome in the
study area ware deposited in supratidal and intertidal envirerments and
80 represent locsl lenses. But the fact tnat thrust faults at Snarp Gep,
Crippen Gap and tfirst Creek cut through dolomites indicates that prohebly
more carbonate units are faulted out. Thus, clastic ratios in the Rowme
are biased.

Woodward (1949) claimed that there are no l!liddle or Lower Cambrian
sediments in the wvicinity of the Cincinnati Arch, nor anywhere west of it.
lle believed that those series are probably very thinundcerneath the castern
Ohio Valley, while to the east of the Ohio the sediments rhicken rapidly
in the outcreops of the Appalachian Valley. Woodward (1961) noticed a
remarkably steep western boundary of Lower Cambrian rocks in western
West Virginia. That limit is so abrupt that it suggests a steep continentu!
declevity or a rmwjer fault scarp which descends from a Precambrian conti-
nental platform to a4 trovgh {lanking the southeast face of that declevigy.
In this basin Lower Cambrian rocks and in particular the Rome Formation
accunulated tremendous thicknesses (Figure 79). le indicated that the

red color of the Home sopgests deltaic or fan-like deposition; he showed

that the thickpess of the Rome west of the scarp is between 21 and 67 n
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(70 and 220 feet) while east of the scarp it is more than 600 m (2000
feet) thick (Figure 80), so it is increasingly evident that the Rome was
deposited from the northwest.

Freeman (1953) also supports a western source for the Rome
sediments. He believes that the eastern edge of the Cambrian contirient
is rbughly within the Blue Ridge Province; from Early Cambrian through
Knox time, the sea encroached gradually, depositing on the edge great
lenslike masses which thin towards the source landward and thin away
from the source seaward. Freeman concluded that the late Lower Cambrian
deposits in southern Virginia, east Tennessee and Alabama were Rome sands,
silts and shales which represent a large accumulatién of deltaic materials
and that most of the craton westward was land during all that time
(Figure 81).

Wheeler (1960) indicated that there were two sources for the early
Palezoic detrital sediments of the eastern United States, the central
craton from latest Precambrian to latest Cambrian time, and from late
"Beekmantownian" Early Ordovician through "Edenian" time in the Middle
Ordovician. The second is the Taconian Borderland in the east from
"Maysvillian" time in the late Ordovician into Silurian. Colton (1970)
confirms the western source of clastic sediments during Cambrian and
Early Ordovician times. lie pointed out that in much of the Appalachian
basin, the Lower Cambrian éiggticrsgqucnce dclincate a blanket of quartzose
and arkssicrdetritus laid down in the shallow waters of a northwestward
transgressing Cambrian Sea. According to him, the sequence is a wedge
shaped mass which i;mfﬁickest along the eastern margin of the basin, where
the rocks are mostly Early Cambrian in age, and thinnest along the west

and north margins where its rocks are mostly Late Cambrian in age. Colton
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rcported thet the greatest thickness of Lower Cambrian strata, approximately
3050 m (10,000 feet) in southwest Virginia, represent a sequence which thins
rapidly from the east edge of the basin to the northwest (Figure 52). So

paleocurrent, lithologic and isopach map studies of Early Camkrian sediments
indicate a general western source and a southwestward paleocurrent directica

in particular.

ITI. PALEOTOPOGRAPHY

When the Rome sca advanced westward over the craton, it advanced
over a gently sloping and undulating topography. Computation of graaients
from deep bascment wells in central Tennessee (Figure 834A) range from 0.2
m/km to 10 m/kim. TFast to west average gradient between wells 13 to 24 is
3.7 m/km and between 22 to 27 it is 2.6 m/km (Figure 838). The gradient
between wells 1o and 27 is 10 m/km while between I and 17 it is 0.2 w/km.
The average gradient between 21 and 13 is 5.5 m/km. Thus there is more
variation in gradient bhetween trells 13 to 21 (Figure 83(); this might be
expected, because there must have been valleys and rivers which draiuned
the craton eastward. The undulating surface of the craton was probably
broken by scattercd monadnocks and large hills, well number 13 was drilled
on such a topographic high. The craton during Early Cambrian in Tennessee
and adjacent areas was a landmass that supplied sediment to the Appalachian
geosyncline.,  The persistence of the Rome Formation and ite rod beds from
Pennsylvonia to Alabema, indicates that the tidal flat sediment body is
elongated paraliel to the shoreline over hundreds of kilometers and was
probably interzected by tidal channels and estuaries {(Figure 84). A

modern analogue to guch an environment is the tidal flats along the
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coasts of the Netherlands, Germany and Denmark; these flats are 7 to 10
km wide and extend for a distance of 450 km along the shoreline. The
gradient across these flats is less than 0.4° (Reineck and Singh, 1973).
The maximum gradient computed from the deep basement wells is 10 m/km
(O.S.). Although the control points are few in number and relatively
widespread, the fact that tidal flats develop on very gently sloping
shorelines, support a relatively gently sloping undulating topography

over most of the craten in Tennessee.
III. CLiMATE

Red beds in the Rome Formation are associated with sandstones and
shales in which iron oxide staining is responsible for the red color.
Since red beds are mainly non-marine, they reflect the climatic conditiouns
under which they were formed. It has been indicated by Walker (1967),

Van Houten (1968}, Dorsey (1926) and Sakamoto (1950) that hematite is an
important palcoclimatic indicator unless subjected to strongly reducing
conditions and loss of its red color. According to Schmalz (1968) two
conditions appear to be necessary for hematite formation: (l) A wet and
preferably warm climate in which iron may be released from parent minerals
by chemical weathering. (2) A dry climate in which the primary weathered
products may be dehydrated. These two requirements may be satisfied in a
single environment subject to marked seasonal fluctuations in available
moisture.

According to Sakamoto (1%50), James (1966), Alexander (1955),
Govett (1%66), and Douglas, ct al. (1972), iron contained in sediments
is derived from normal wearhering of iron-rich igneous rocks or laterites.

Information from deep basement wells In Kentucky {(llarris, 1964) and
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Tennessee (Tennessee Division of Geology, 1974) indicate that the basement
is covered with ignecus rocks (Section 1, Plate 6). These rocks were
deeply weathered and oxidized on the craton. The weathered procducts were
carried by streams and rivers and deposited on the tidal flats of the
Rome, where the already oxidized sediments retained their red color.
According to Sakamoto (1950) the deep weathering of igneous rocks and
laterization - processes which releesse iron oxide - are characteristic
of tropical zones.

Besides the red beds, the abundance of desiccation features like
mud cracks and halite casts in the Rome Formation, indicate a warm climate
in which evaporation exceeds precipitation. Such features have been
observed in the Colorado tidal flats which have a tropical climate
(Thompson, 1968).

Oolites which are found in the Rome Formation (Plates 1, 4, 5)
represent another indicator of a warm climate. Besides oolites, algal
laminae in dolomites and limestenmes of the Rome ave preserved on tidal
flats in warm climates. According to Lovenstam and Epstein (1957),
oolites form in waters having temperatures between 24° and 25.7° C,
while temperatures of growth for ®Blue green algae range from 22.8° to
39.8° C. The above criteria indicate a tropical climate with pronounced

dry and humid ceasons during Rome time.
IV. THICKNESS OF THE ROME FORMATION

Estimates of the total thickness of the Rome Formation vary from
300 m (1000 feet) in the western part of the Valley and Ridge Province
near @liver Springs, Teunessce (Swingle, 1960c¢) to more than 540 m

(1800 fect) in the eastern part in the vicinity of Damascus, southwest
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Virginia (King et al., 1944). Novhere in the avea of outcrops is there

a complete section of the Rome Formation except at Vailey Forge in north-
east Tennessee (Plate 6). The thickest exposure in the study area is the
334 m (1102 feet) thick Porterfield Gap section, and the thinnest is the
50 m (165 feet) thick Nelson Branch section. Because the Rome is a wedge
shaped formation which increases in thickness eastward (Plate 6), the
thickness of the Rome differs across strike from one belt to another.
Information from basement wells in Kentucky (Harris, 1964) and Tennessee
(Tennessee Division of Geology, 1974) indicates that the Rome overlies
the Precambrian basement. If the Rome Formation &t Bays Mountain and
westward is in contact with the basement, a minimum average gradient of

2 m/km for the basement would give the following minimum thicknesses of

the Rome in the different belts:

Pine Ridge (Fast) 320 m 1056 f¢t.
Bullrun Ridge 340 w 1122 fe.
Beaver Ridge 360 m 1188 ft.
Sharp Ridge 400 m 1320 ft.
Bays Mountezin 450 1485 ft,

An isopach map of the Rome would then look like Figure &5 in which the

Rome Formation pinches out in the vicinity of HNashville.
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CHAPTER IX

DEPOSITIONAL HISTORY

Geologic studies in the Appalachians by Woodward (1949, 1961),
Freeman (1953), Rodgers (1956), Colton (1970) and Palmer (1970) indicate
the existence of the Appalachian geosyncline as carly as the Late Pre-
cambrian. This deep trough was probably located in the position of the
present Piedmont and extended from central Alabama to Nova Scotia in
eastern Canada (Figure 86). Pettijohn (1970) envisaged a gecsynclinal
basin flanked by a grcat carbomnate platform on the west. During Early
Cambrian the Chilhcwee Group, consisting primarily of congloraretes, sand-
stones and shales, filled the deep trough. These sedirents spread north-
westward out of the trough onto the basement southeast of the present
Valley and Ridge Province.

The fossil-bearing Lower Cambrian Shady Dolomite, besides repre-
senting a change in lithology from tne Hesse Sandstone below, indicates
shallow marine conditions. The Shady is absent in central Tennessec and
Kentucky where wells have been drilled to basement (Plate 6). The
carbonate deposits of the Shady were deposited in a warn, shallow sea
in the cecaynclinal trough, and extended without interruption from
Pennsylvania to Alabama. It prebably did not extend northwestward all
the way across the area of the present Valley and Ridge Province.

The revewal of detrital deposition above the Shady Dolomite during
the remainder of Farly Cambrian time is markcd by the deposition of the
Rome Formation. The Tormation is made up of red, purple, green and brown

sandstene, siltstone and shale and local beds of limesteone and dolomite.
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It is dominantly sandstone in the northwest part of the Appalachian
Valley, while to the southeast in Bays Mountain and in northeast
Tennesgee, the percentage of carbonates increases significantly (Plate
6). These sediments werce deposited in a tidal flat environment, as the
Rome sea advanced northwestward over a gently sloping basement across
the present Valley and Ridge Province and into central Tennessee. The
sea remainced very shallow throughout Rome deposition. The Rome Formation
thickers seutheastward; it is 360 m (1200 feet) thick in northeast
Tennessee (Flate 6) and is less than 215 m (710 feet) thick in central
Tennessee and probably pinches out in the vicinity of Nashville. The
appearance of the Rome at the base of the section in thrust sheet after
thrust sheet in the Appalachian Valley in Tennessee suggests that the
Rome shale sevved as a slide plane for thrust faults; because the Rome is
the first formation above the basement rocks in the valley. Woodward
(1961) indicated the presence in West Virginia along a northeast-southwest
line probably extending for wmore than 800 km, that there is a very steep
declevity or escarpment descending from a Precambrian continental plat-
form to a trough flanking the southeast face of that declevity. 1In this
bazin Lower Cambrian rocks and in particular the Rome accumulated to Lremen—
dous thickness. The presence of this declevity suggesre rhe presence of
regional down faulting to the southeast of this escarpment in West

)

L

Virginia. According to Dletrich koeder {personal communicaticn, 197
sea floor spreading in the Appalachians started in Late Precambrian.
Normal faulting as a result of spreading continued into the Early and
fiddle Cambrian when rhe Reme Formation and the Conasauga Group were

deposited. The Taulting was contemporancous with the deposition of the
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Rome. It is not known if this faulting affected the Rome in Tennessee,
since no deep wells penetrated the basement in the Appalachian Valley in
Tennessee. Deep wells in eentral Tennessee do not show that there is a
declevity similar to that in West Virginia.

The source of the Lower and Middle Cambrian sediments wae to the
northwest. This source provided the conglomerates, sandstones and shales
of the Chilhowee Group when the craton was high and rugged. By the time
the Shady Dolomite and the Rome were deposited the craton was peneplained.
Only very fine sandstores, siltstone, shale and carbonates were deposited
in a very shallow seca. Rcecks of the Conasauga Group, which is made up of
alternating tenpues of shale and limestone, were deposited in such a
shallow sea. Shales of the Pumpkin Valley, Rogérsville and Nolichucky
thicken northwestward, while limestcnes of the Rutledge, Maryville and
Maynardvilie pinch out and become lenses in the same direction. South-
eastward the shales pinch out, while the limestomnes thicken and merge into
the Honaker Dolomite. The whole Conasauga Group wedges out northwestward
(Figure 76, page 139).

The last important influx of mud into the Appalachian trough from
the northwest occurred in HWolichucky time. Mud spread over the area of
the Valley and Ridge FYrovince and eastward during Late Cambrian but was
then follewed by the depcositien of the Maynardville Limestone and the
overlying Copper Ridoe Dolomite and its eouivalent the Conococheaguc
Limcetone in the southeast. At this time the sea spread westward out of
the Appalachian trough cover most of the ceutral United States. The sea
was shallow, but the slightly thioner deposits on the northwest may have

been laid down In sumewbat shallower water than thece on the southceast.



CHAPTER X

SUMMARY AKD CONCLUSIONS

The Rome Formation is composcd predominantly of very fine-grained
sandstone and shale with occasional beds of limestone and dolomite. The
proportion of these lithologies varies greatly along and across the strike
of Rome outcrops in east Tennecssee, but there is z general increase in
the proportion of shale and carbonates scutheastward, while sandstones
and siltstones increase in proportion northwestward in the Appalachian
Valley. The Rome Formation is a wedge-shaped unit that thickens south-
eastward and wedges out in central Tennessee indicating a generally western

source for the Rome sediments.

The appcarance of the Rome at :the base of the section in thrust

~h

shezts suggest that the Rome shale served as a slide plane
faults. The Rome being the first formation above the basement rocks in
the Appalachian Valley.

Sedimentary structures indicating a tidal flat environment are

abundant in the Rome. These structures arc: mud cracks, halite crvstal
casts, ripple marks, rain prints, tidal balls, cress-bedding, ripple lami-
nae, current lamination, scour and 1ill, flute and groove caste, lvad
casts, vugs, birdscye and flaser and lenticular bedding.

ils found in the Rome in order o

wn

decresasing abundance

Trace fos

are: Planolites, Skolithos, Rusophveus, Cri

Sinusites, Phvcodes, Bergaueria, Diplichnites, Dinmorphichnus, and Mono-

Sy

morphichnue.  The most important enviromaental indicators are Scoyenia

N N

(Supratidai), iﬁm{iﬁhfi(bvuth), and iﬁgiiﬁgﬁ‘(sup:aLidai to subtidal).

r N . - . . . v _ oy R " PRI TR SN B
The Cruziana faciecs in the Rome Tormation dees not fit Seilacher's

187



188
ichnofacies model in which Cruziana is confined to the subtidal zome.

Environments of depositicn in the Rome range from supratidal to
subtidal. Three important criteria distinguish the supratidal sediments
in the Rome from sediments formed elsewhere on the tidal flat. First,
the presence of Scoyenia in red beds; second, halite casts and mud cracks;
third, laminated dolomites with mud cracks and birdsevye.

Tidal flat sediments in the Rome are differentiated into mud flat,
mixed flat, and sand fiat. Mud flat deposits are represented by red beds,
abundant mud cracks, biogenic structures, bioturbation and laminated shale,
siltstone and very fine-grained laminated to thin-bedded red sandstone.

The mixed flat deposits are reprasented by the rapid alternation
of laminated sandstone and shale. The position of the mixed flats as a
transition zone between the mud flat and sand flat, causes the mixed flat
to contain features of both zones--from the mud flat, the red shales and
sandstones; from the mixed {lat the greenish gray and pale yellowish
brown sandstomne.

Greenish grav, light brownish gray and grayish orange thin-to
thick-bedded sandstene beds in the Rome Formation were probably despoeited
on sand flats and in the shallow subtidal zone. Current laminatien and
nicro cross-bedding are common in thesge sandstones which are character-
ized by the absence of mud. Bioturbation and trace fossils are not com-—
mon in thiz environrent.

Sediments of the tidal flat gullies in the Rome differ markedly
from tite underlyving and overlying sediments. Thoy are generally coarser

and arrauged in steeply inclined Javers.,
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The: lagoenal environment in the Rome is indicated by the
presence of superficial, single nucleate and composite ooids, glauco-
nite, and well rounded, well sorted intraclasts. The oolite snhcals, on
the other hand, are represented by mature, well sorted "Bahaman type"
ooids which are interlaminated with well reunded glauconite pellets.
These shoals are limited vertically and horizontally in the Rome Forma-
tion.

The Rome Formation shows a general transgressive sequence upwards
with prograding (regressive) and retrograding (transgressive) deposits
alternating at the top of the sections. Although individual beds in the
formation cannot be traced across the strike trausgressive and regressive
sequences which depend upon envirenmental interpretation can be correlated
successfully.

Within the study area, units of the Rome can be traced easily
along strike for long distances. The detailed study of the Rome strati-
graphy revealed the presence of marker beds. These beds or sequences
could be lithologically correlated for more than 40 km. along Pine Ridge
and for shorter distances along the other ridges. Correlation across

strike was achieved by the tracing of the oolite zone and the Skolithos

zone above it over a palinspastic distance of 105 km. (66 miles). These
two zones mark the upper part of the Rome Formatien; they are not con-

hat reproeent similar cnvironments at those levels.

cemporancous,
e Pumpkin Valley Shale which is Middle Cambrian in age is by
lateral gradation a facies equivalent of the upper Rome northwestward;

while the top of the Shady Dolomite is a facies equivalent of the lower

part of the Reme.  Thus, the Rome is of late Early Cambrian age in the
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Appalachian Valley and probably Middle Cambrian in the subsurface in
central Tennessce.

When thoe Rome sea transgressed westward over the craton, it
advanced over a gently sloping and undulating topography. The craton
during Early Cambrian in Tennessee and adjzcent areas was a landmass that
supplied sediment to the Appalachian gecosyncline. The persistance of the
Rome Formation and its red beds from Pennsylvania to Alabama, indicates
that the tidal flat sediment body is elongated parallal to the shoreline
over tens of kilometers and was probably intersected by tidal channels
and estuaries. During that time a tropical to subtropical climate with

nounce "y wmid seasong prevailed.
ro nced dry and humid seasons prevailed
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Unit

Thickness
In Meters

APPENDIX

FINE RIDGE I-75 SECTION

Cumulative
Thickness

Description

153=

152

151/1%

151/2

150

14972

1.77

0.91

1.22

1.77

3.34

4.25

5.39

6.35

Pumpkin Valley Shale

Quartzitic sandstone, greenish gray,
very fine grained, very thin to thin
bedded.

Very fine glauconitic laminations,
light brown shale laminations,
ripple marked.

Sandstone, pale brown, very fine
grained, mostly very thin to itihin
bedded with occasional wediwm bads.
Three very thin shaly szudstone beds,
yellowish gray are in the middle,
Some medium beds pinch cut.

Sandstone, greenish grav to very pale
erange, very fine grained, very thin
bedded.

Sandstone, awedium gray and
dark yellowish o: g
fine grained, verv
Weathering mekes the
shaly. Soc

e surfiaces

Sandstene, pale wellowihb brown. Ver
fine to fine gr

with laminated
beds.

Some beds are paie brown.

Sandstone, aoroonish gray, very fine
grained, thin bedded.

Weathered suriaces are rusty ved,
beds look shaly.

Quartzitic saundstone, varicolored dark
greenish gray to pale vellowish brown,
very fine grained, mediuvm bedded.
Pusty ved surfaces.
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Thickness Cumulative

Unit  In Meters Thickness Description o
149/3 0.40 .93 Shaly siltstore, light greenish ugrav,

medium bedded.
Weathered surface is dark yellowish
orange.

149/4 0.20 5.13 Quartzitic sandstone, dark greznish
gray, very fire grained, medium bedded.
Color becomes gradually brownish at
the top of the bed.

148/1 1.93 11.06 Altrernate quartzitic sandstone and shaly
giltsteone in which the contacts arve
gradational, light greenish gray, very
fine grained, mediuw bedded.

Weathered surface is dark yelleowish
orange. Some shaly siltstcne beds
pinch out, they are bioturbated.

148/2 1.09 12.15 Quartzitic sandstcne, greenish gray to
light gray, very fine to fine greined,
medium bedded.

Very fine wavy laminstions inside
the beds.

148/3 ¢.81 12.96 Sandstone, pale yellowish brown, fine
to medium grained, medium bedded.
Internal fine wavy laminations. TFine
flaser beddinz the two beds. Limonitic
weathered surface.

147 0.96 13.92 Dolomite, medium grav, very thin bedded,
grades laterally into very thin bedded,
very fine grained sandstone which Iis
dark yellowish orange.

FAULT

146/1% 0.86 14.78 Sandstone, vycllowish grav, very fine

with occasicnal very

and laminated shaly sandstone.
Light greenish gray bedding planes.

146/2 0.73 15.51 Sandstone, pale brown, very finc to
medium grained, very thin to thin
bedded.  Soume glauconitic laminations

are 1 cm. thicik.
Fractured and jointed.
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Thickness Cunulative
Unit in Meters Thickness Description

146/3 0.15 15.66 Alternate very thin bedded sandstone and
laminated shale, pale clive, sandstone
is very fine to medium grained.

20% Shale.

146/4 0.33 15.99 Sandstone, gravish red, medium grained,
very thin to thin bedded with fine
internal shale laminae.

Fractured and jointed.

146/5% 1.32 17.31 Quartzitic sandstone, light greenish
gray to light gray, very fine to fine
grained, westly thin bedded with
occasional medium and very thin beds.
Some beds are current laminated. Some
beds are lens shaped.

146/6 1.30 18.61 Sandstone, grayish red, very finc to
fine grained, very thin to thin bedded,
with two horizons of laminated shale
and sandstone 5 cm. thick each bottom
and middle of unit.

Flaser bedding in Jlaminated shale aund
sandstone. Currenc laminations in

some beds. Planolites on lower bedding
of scme beds.

145/1 0.33 18.34 Alternate laminated sandstone and thinly
laminated shale, gravish red, fine
grained.

Flaser bedding.

145/2 1.00 19.94 Sandstone, pale brown, fine to medium

grained, verv thin Wmedded.

Current laminated.

145/3 0.78

N
o
.

~J
N

Alternate very thin bedded sandstone,
fine grained and laminated shale,
erayish red.

107 Shale.

Current laminated.

145/4 0.91 21.63 Alternate very thin bedded sandstone,
very fine to fine grained and laminated
shale, grayish red.

407 Shale.
Flaser bedding. Current laminations
in sandstone beds.



Unit

Thickness
In Meters

Cumulative
Thickness

Degcription

144

143/1

143/2

143/3%

142/1%

142/2

141/1

141/2

141/3

0.81

0.50

0.38

0.81

0.66

0.30

0.66

0.30

22 .44

22.94

23.32

24.13

25.09

26.05

26,18

Sandstene, pale brown, very fine to fine
grained, very thin to thin bedded.
Ripple marked, light greenish gray
bedding planes.

Alternate very thin bedded sandstone,
very fine to fine grained and laminated
shale, grayish red.

10% Shale.

Flaser bedding.

Sandstone, grayish red, very fine to
fine grained, very thin to thin bedded.
Thin beds pinch out.

Sandstone, grayish red, very [ine to
fine grained, mostly very thin bedded

to laminated with few intervening thin
beds at the bottom.

Bottom beds are bioturbated. Planclites
on lower bedding plane. Current lami-
nations in some beds.

Sandstone, greenish gray, very fine to
fine grained, very thin bedded; weathered
surface is dark gray. Some of the beds
are shaly.

Micro cross wedding in some beds.
Pioturbated. Planolites on lower

bedding plane.

Sandsteone, pale greenish yellow, very
fine grained, very thin bedded. Bottom
of unit is pale brown sandy shale.
Bioturbated, bedding is not clear.

SMALL FAULT

Sandstone, gravish red, very fine to
fine grained, thiu bedded,
Sandstore beds pinch out.

Sandstonz, gprayish red, very fine to
fine graincd, laminated to very thin
bedded.

Sandstone, gravish red, very finc Lo
fine grained, thin bed.



Thickness
Unit In Mcters

Cuniulative
Thickuress

Description

20¢

141/4 0.55

140/1% 0.22

140/2 2.79

139 0.94

138/1 0.30

138/2 0.45

138/3 1.17

26.73

26.95

29.74

30.68

30.98

31.43

32.60

Sandstone, grayish red, very fiune to
fine grained, very thin bedded with
intervening laminated shale.

5% Shale.

Flaser bedding. 5 cm. thick bed is
bioturbated at the bettom. Ripple
marks. Current laminated.

SMALL TFAULT

Quartzitic sandstone, greenish gray,
fine tc mediurn grained. very thin to
thin bedded.

Ripple marked. Fine internal lamina-
tions in sandstone beds are reddish
in celor.

Alternate quartzitic sandstone and
shaly sandsteone, greenish gray, very
fine to medium grained, laminated to
very thin bedded.

Ripple marked. Shaly sandstone beds
are flascred. Some beds are current
laminated. Planolites on lower

bedding planes.

Alternate laminated shale and very
thin bedded candstone and shaly
sandstone, fine to medium grained,
grecnish gray.

Current laminated.

Shale and shely sandstone, dark
greenish gray, verv fine to fine
grained, laminated.

50% Shale.

Flaser bedding.

Laminated shale and shaly sandstone,
dusky yellow with a greenish tings,
very {inc to fine grained.

50% Shale.

Flaser bedding.

Alternate laminated grayish red shale
and grecnish grav shaly sindstone,

fine to medivm grained, with very thin

bedded, greenich gray glauconitic sand-

stone at the bottom.
40% Shele.

Flaser bedding.



207

Th kncqc Cumulative
unit In ters Thickness Description

138/4 1.12 33.72 Alternate laminated, shale and shaly
sandstone, medium yellowish brown to
pale brown, fine to medium grained.
Flaser bedding. Limonitic weathered
surface.

137%* 3.45 37.17 Alternate quartzitic sandstone and
shaly sandstone, greenish gray to
dark greecnish gray, fine to medium
grained, with pure lenses of coarse
grained sandstene in the middle of
unit; mostly very thin bedded with
occasional Jaminated and thin beds.
Ripple marked. Shely sandstone is
flasered. FPlanolites on lower bedding
plane of some beds.

136/1 0.94 38.11 Sandstone, pale red, very fine to fine
grained, mostly thin bedded with
occasional very tnin beds and one
medium bed at the top; light greenish
gray upper and lower bedding planes.

136/2% 1.62 39.73 Sandstore, gravish red, very fine to
fine grainazd, very thin bedded with
greenish gray laminated shale between
beds.

Ripple marked; current laminated.
Planolites on lower bedding plane of
some beds.

136/3 0.63 40.36 Shaly sandstone, grayish red, very fine
to fine grained, mostly laminated with
some very thin beds and dark greenish
gray bedding planes. Shales increases
towards the top.

135/1 0.46 40,82 Sandstone, greenish gray, mostly medium
grained with occasional coarse and finc
grained beds, laminated.

5% Shale.

135/2 0.28 41.10 Shaly sandstone, greenish gray, fine to
medium grained mostly thin, with
occasjonal very thin beds.

Unit leoks bioturbated



Unit

Thickness
In Meters

Cunulative
Thickness
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Description

135/3

135/4

134

133

132

131/1%

131/2

0.38

1.14

1.12

0.41

0.25

0.35

42,62

43.74

g~
I~
—
wn

44,40

44,60

Alternate laminated shale and very thin
to laminated sandstone, very fine te
fine grained, greenish gray to dark
greenish gray.

50% Shaie.

Flaser bedding. Some sandstone beds
are lenses. Beds are mestly laminated.

Sandstone and shaly sandstone greenish
gray, fine grained with a coarse grained
sandstone horizen 12 cm. thick in the
middle of unit, mostly very thin bedded
with occasional thin beds.

Ripple marked. ?Planclites ou lower
bedding plane of scm2 beds.

Sandstone and shaly sandstone, pale
brown, fine grained thin to medium
bedded.

The whole unit is bioturbated and made
up of transported burrow casts which
are more akundant in some levels.
(Similar to OR 70.)

Quartzitic sandstone, greenish grav,
very fine to fine grained, very thin
to thin bedded.

Coarse grained glauccnitic lenses

at the top of unit.

Sandy shale, pale olive, very fine
grained, laminated, weathered surface
is grayish orange.

Slightly bieturbated.

Alternate laminated shale aud wvery Jhin
to laminated, very fine to [ine grained
sandstone, grayish red.

Flaser bedding. DBeds are mostly
laminated.

Sandstene, grayish red, very fine to
fine grained, verv thin bedded with
occasional laminated beds.

Ripple marked; planolites on lewer
bedding plancs.



209

Thickness Cumulative
Unit in Meters 'Thickness Description

130 0.50 45.45 Alternate quartzitic sandstone and
silty sandstone, pale olive, tine to
coarse grained, laminated to very thin
bedded.

Limonitic blotches on surface.

129/1%  G.18 45.63 Sandstone, white to pale green, coarse
to very coarse grained, thin bed.
Quartz grains are rounded; slightly
glauconitic.

129/2: 0.23 45,386 Sandstone, grayish red, coarse to very
coarse grained, medium bed.
Quartz grains are rounded.

129/3 0.15 46.01 Sandstone, grayish red, fine to coarse
grained, very thin hedded.
Current laminated.

129/4 0.91 46,92 Sandstone, grayish red, fine grained
with occasienal bands of glauconitic
very cearse sandstane at the sottom,
mediun bedded,

Current laminated &t the top.

128/1 1.27 48.19 Alternate very thin bedded grayish red,
fine grained sandstore and laminated
dark greenish gray shale. Occasional
medium grained sandstone lenses.
Laminated shale and sandstone are
flasered; current laminated. Micro
cross bedding in sandstone lenses.
Vertical worm burrows in a 3 cm. thick
sandstone bed in the middle.

128/2 0.68 48.87 Sandstone, pale brown, very fime to fine
grained, with occasional coarse grained
lenscs; most beds are laminated with
occasional very thin beds and two thin
beds at the botton,

Laninated sandstone and shale are
flasered. Current laminated; glauconitic
sandstone has salt and pepper texture.
Vertical worm burrows in some coarsc
grained sandstone Jonses.

127/ 1% 1.04 49.91 Alternate guartzitic sandstone and shaly
sandstonce, greenish gray to light gray,
very fine to medium grained, very thin
to thin bedded; coarse grained sandstone
Tenses are slightly glauconitic.



Unit

Thickness
In Meters

Cumulative
Thickness
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Description

127/2

127/3%

127/4

127/5%

127/6

127/7

0.38

0.15

2.22

0.05

0.61

3.12

50.29

50.44

52.66

52.71

53.32

w
(o)}
=~
L

There are about 10 horizons of Skolithos
3 to 5 cm. thick each. Shaly sandstone
is flasered.

Shaly sandstone, pale grown with a
greenish gray tirge, fine to mediun
grained, medium wedded.

Loeks flasered.

Quartzitic sandstone, greenish gray,
medium to cearse grained, very thin
bedded, with intervening shaly sandstone.
Shaly sandstcone ig flasered. Salt

and pepper texture in sandstone duc to
the presence cf glauconite. Sandstone
beds thin and thicken. Vertical worm
burrows in some beds.

Shaly sandstone, greenish gray, with
laminated pale browr shale at the
bottom, fine grained with coarse grained
sandstone pockets at the top and bottom
of unit.

Unit looks like one massive bed.
Planclites, bioturbated. Flaser

bedding in some horizons.

Sandstone, gravish red, coarse grained,
very thin bedded, with occasional
intervening laminated shale, unit is
hematitic.

Bed thing and thickens; quartz grains
are rounded.

Alternate, very thin bedded, very fine
to medium graincd greenish gray sand-
stone and pale brown laminated shale.
Ripple marked; current laminated.
Flaser bedding in some horizons.

Sandstone, greenish gray, {ine to
medium grained, very thin bedded with
intervening pale brown laminated shale
and shaly sandstone. Glauconitic
sandstone has salt and pepper texture.
Ripple marked, microe cross-bedding.
Shale and shaly sandstone are tlasered.
Oue sandstone horizon has vertical
worm burrows.




Unit

Thickness
In Meters

Cunulative
Thickness

Description

127/8

127/9

127/10

126%

125%

124

123/1;‘:

123/2

1.37

0.15

0.56

0.46

1.98

0.38

0.15

57.81

57.96

58.41

58.97

59.43

61.41

61.79

61.94

Alternate laminated shale and sandstone,
very fine to medium grained, pale browng
medium grained glauconitic sandstcone
abundant at the bottom.

Sandstone beds are current laminated.

Shale, grayish red, thinly laminated.

Alternate, very thin bedded fine to
medium grained glauconitic sandstone,
pale brown, and dark greenish gray lami-
nated shale.

Sandstone is current laminated.

Dolomitic oolites, gravish orange,

med ium bed, with grayish red blotchss;
bottom 15 cm. are ferruginous oolites.
Cross bedded. Unit is glauconitic.

Glauconitic ssndstone, grayish brown to
greenish black, medium grained, very
thin bedded.

Current laminated; glauconite is very
abundant.

FAULT

Alternate laminated, gravish red shale

and very thin bedded, very fine to fine
grained, greenish gray sandstone. Sand-
stone becomes more glauconitic towards

the top.

Micro cross-bedding in opposite dircctions
current laminated. Some horizons are
flasered.

t gray with a grayish
fine grained, thin

Sandy dolomite, 1i
orange surface, ve
beddad.

Pure sandstone stringers in dolomite are
slightly glauconite.

P
an
ry

Sandstone, greenish gray, fine grained,
very thin bedded with grayish red thinly
laminated shale.



Unit

Thickness
In Meters

Cunmulative
Thickness

Description

123/3

123/4

123/5%

122

121/2

121/3

121/4

120

0.10

0.33

0.94

1.23

0.40

0.05

0.23

0.20

1.16

62.04

62.37

63.31

64.54

64.94

64.99

65.42

66.58

Saudstone, greenish gray to light
brownish grav, fine grained, thin bedded.
Current laminated with dark and lipht
laminae.

Shale, light olive gray, laminated with
very thin, very fine to medium grained
sandstone stringers.

Sandy dolemite, medium gray, very fine
grained, very thin to medium beddad;
weathered surface is gravish orange.
Pure sandstone stringers with micro-—-
cross—-bedding. Dolomite lcoxks leaminated
at the vottom with a light olive gray
surface.

Alternate laminated shale and very thin
bedded, very fine to medium grained,
grayvish red sandstone. Unit is mostly
very thin bedded.

Sandstone beds are ripple marked, current
laminated with micro cross-bedding.

Sandstone, pale red, very fine grained,
very thin to medium bedded with scme
laminated beds at the top.

Sandstone, greenish gray, fine te medium
grained, very thin bed.

Bed is lens shaped disappears in gravish
red sandstone. Current laminated and
glauconitic.

Sandstone, grayish red, very fine to fine
grained, laminated to very thin bedded
with intervening shale.

10% Shale,

Dolomite, medium orav, very {ine¢, thin
bedded viith a grayish orange surface.

Alternate laminated grayish red shale
and very thin bedded very fine to medium
rained light greenish gray sandstone,
with greenish gray =haly sandstone at

the top.  Scme sandstone beds ave
glauconiric.
407 Shale



Unit

Thickness
in Meters

Cumulative
Thickness

Description

119/1x

119/2

119/3

119/4

119/5%

118/1%

1.18

1.00

0.81

0.81

67.76

68.76

70.58

72.16

72.97

73.27

Sandy dolomite, greenish grav, veryv fine
grained, very thin bedded with cccasional
Jaminated shale. Weatheved surface is
grayish orange.

Current laminated with alternate sand-
stene and glauconite laminae. Sandstone
stringers are abundant.

Alternate dolomitic sandstone, very fine
grained, very thin bedded and laminated
shale, greenish gray; sandstone is more
glauconitic at the bottomn.

50% Shale.

Current laminated.

Alternate very thin bedded, very fine
grained sandstone and laminated shale:
greenish gray with occasional very thin
limestene ®eds which are dominant at the
bottom.

50% Shale.

Flaser bedding in some horizons.

Altarnate thin to very thin bedded
medium light gray, limestone and lami-
nated greenish gray shale.

Trilobite fragments in limestone.

Laminated medium light gray limestone and
greenish gray shale with occasional thin
bedded limestone.

Trilobite fragments especially at the
bottom. Very fine planolites.

Sandstone, pale red, {ine grained with
occasional medium grained glauconlitic
sandstone lenses, very thin bedded.
Current laminated. Salt and pepper
texture in glauvconitic sandstone.

z -y g o Te o~
Mud cracks.

Alternate very thin bedded, medium dark
gray limestone and laminated greenish
gray shale.

Weathercd surface is grecenish grav.



Unit

Thickness
In Meters

Cumulative
Thiczkness

Description

2)a

118/3%*

118/4

117

116

115

114/1%

113

1.42

0.15

0.40

0.33

0.30

0.30

4,72

75.50

76.68

76.98

87.43

Limestone, mzdium light gray, very fine
laminated at the bottom becoming thin
bedded at the top with a gravish orange
weathered surtface, laminated shale is
found at the bottom.

A 3 cm. thick horizon full of trilobite
fragments and intraclasts close to
bottom. Intraclasis middle of unit.
Sandstone stringers. Current laminated
Vertical worm burrows.

[p}

Sandstone, glauconitic, shaly greenish
gray, very fine grained, thin bed.

Sandstone, grayish red, very fine to
fine grained, very thin to thin bedded
witih occasional laminated shale.

15% Shale.

Ripple marked, some beds are current
laminated.

M

Laminated shale and sandstone, very fine

grained, dark greenish gray.
Flaser bedding.

Quartzitic sandstone, grayish crange
pink to whitish, very fine grained,
thin bedded.

Fine internal glauconitic laminae.
Jointed.

Dolomite, medium dark gray, very fine,
very thin to thin bedded, weathered
surface is grevish erange.

Current laminated.

Sarius tone, grecnish gray, very fine to
fine grained, laminated to very thin
bedded, with pale brown shaly bedding
planes.

Fine internal glauconitic laminations.

Sandstone, grayish red, very fine to
fine grained, very thin bedded with
intervening lominated shale. Greenish
grav glauconitic sandstone in the
middle of unit,

10% Shale.

Flaser bedding at the top ef unit.
Current laminated., Planolites on

lower bedding planc of some beds.



Unitc

Thickness
In Meters

Cunmulative
Thickness

215

Description

111

110

109/1%

109/2

109/3

109/4

109/5

108/1

1.90

0.23

0.40

0.35

0.79

0.30

1.68

0.60

0.96

84.08

84.31

84.71

85.06

85.85

86.15

87.83

88.43

89.39

Alternate lawinated shale and very
fine to fine grained sand-

bedded, very

thin

stone; greenish gray, with occasional

calcareeus
35% Shale

Sandstone is glauconitic and

laminated.

sandstone beds.,

current

Shale, grayish red, laminated with two
laminated very fine grained sandstone

beds.

Dolemite, medium light gray

very fine,

very thin to thin bedded.

Current laminated with

dark
Very fine grained sandstomne

laminae.
stringers.

Dolomitic sandstone, greenish gray, very

fine grained,
thin horizons

Sandstone, grayish red,
fine grained, very thin

thin bedded with two wvery
of laminated shale.

very fine to
to thin bedded

with laminated shaly sandstone at the

bot tom.
Ripple marked.

Calcareous siltstone, pale yellowish
orange, laminated to very thin bedded
occasional laminated shale.

Sandstone, pale red to grayish red, very

fine to fine grained,
occasional very thin

thin bedded with
and medium beds.

Greenish gray beddivrg planes.

Sandstone, pale grown to grayish red,

very fine to fine
thin bedded.
Current
laminae;

laminated with
greenisi

grained,

very thin to

fine ylauconitic

cathered suriace.

Alternate, very thin bedded, very finc
grained sandstone and laminated shale,

greenish grav with thin
and shaly sandstone at

Flaser bedding at the top.

marks in thin sandstone

sandstone bed
he bottom.
nipple
bed.



Unit

Thickness
In Meters

Cumulative
Thickness

Description

108/2

107/1

107/2

106

105

104

103/1

103/2

103/3

103/4

0.08

0.66

0.84

0.86

0.05

89 .47

90.13

91.60

92.44

92.82

93.68

93.98

94.03

94.38

Silty shale, pale blue green, laminated.

Silty shale, grayish red, laminated with
occasional thin sandstone beds becoming
dominant at the bottom.

Alternate very thin bedded, very fine to
fine grained sandstone and laminated
shale, grayish red.

10% Shale.

Ripple marked, Planolites on lower
bedding plane of some beds. Mud cracks.

Shaly sandstone, greenish gray very fine
to fine graired, laminated with
occasional very thin sandstone beds.

Calcareous sandstone, pale red to
brownish, very fine to fine grained,
laminated at the bottom becoming thin
bedded at the top.

Pure sandstone stringers.

Laminated shale and sandstone, very fine
grained, greenish gray. Sandstone is
glauconitic.

Flaser bedding.

Sandstone, pale brown, very fine to
fine grained, very thin bedded.

Fine internal glauconitic laminations.
Ripple marks in one bed.

Laminated shale and glauconitic sand-
stone, very fine grained, greenish gray.
20% Shale.

Flaser bedding.

Sandstone, gravish red, very fine to
fine g
bedded. Medium to coarse grainced sand-
stone lenses about 2 cm. thick and 20
cm. long.

Current laminated. Occasional {laser

bedding.

rained, laminated to very thin

Sandstone, pale red, very iine grained,
very thin bed.
Bed wedges out.



Unit

Thickness
in Meters

Cumulative
Thickness

103/5

103/6

103/7

103/8

103/9

103/10

103/11

163/12

C.35

0.20

0.25

0.20

3.65

0.10

1.68

0.84

Description

95.23

95.43

99.08

99.18

100.86

101.70

Sandstone, grayish rad, very fine to fine
grained, very thin bedded with laminated
greenish gray shale at the top, and shaly
sandstone in the middle.

GClauconitic sandstene, dark greenish gray,
very fine to fine grained, laminated with
occasional very thin beds and grayish red
shaly bedding planes.

Sandstone, gravish red, very fine grained,
very thin bedded with occasional laminated
greenish gray shaly sandstone.

Glauccnitic sandstone, dark greenish gray,
very fine to fine grained, laminated with
grayish red shaly bedding planes,

Current laminated with fine glauconitic
laminae. Big fracture, beds distorted
with drag folding and brecciation.

Alternate, greenish black sandstone and
pale brown to gravish red sandstcne, very
fine to fine grained with occasional
medium grained lenses, very thin bedded
with some laminated beds. Grayish red
shaly bedding planes.

Current laminated, micro cross-bedding

in opposite directions; glauccnite is
often concentratved in lenses. Salt and
pepper texture in some beds.

Shale, greenish gray, laminated with
occasional lam to very thin bedded, very
fine grained sandstone.

Sandstone is ripple marked. Shale at
the top is burrowed.

Glauconitic sandstone, dark greenish gray,
very fine to medivm grained, laminated to
very thin bedded with gravish red shaly
bedding planes. Laminated shale at the
top and bottom of unit.

107% Shale.

Fine internal glauconitic laminae.

Planolites are abundant in some bods.
Sandy shale, grcenish gray, very fine to
fine greined, laminated with occasional
very thin sandstone beds.



Unit

Thickness
In Meters

Cumulative
Thickuess

Description

103/13

103/14

102

102/2

101/1

101/2

101/3

101/4

1.0®

1.98

1.88

0.40

0.30

0.45

1.37

102.79

104.77

106.65

107.05

107.35

107.80

109.17

109.472

Alternate laminated dark greenish grav
glauconitic sandstoae and grayish red
shaly sandstone, very fine grained with
glauceonitic mediuw grained horizons.

Fine internal glruconitic laminations.
Planolites on bedding plane of some beds.

Sandstone, dark greenish grav very fine
to fine gralned, very thin bedded
alternating with light brownish, lami-
nated shale.

Planolites on lower bedding plane cf
some beds.

Alternate, laminated shale greenish gray
and gravish orange very thin bedded,
very fine grained sandstone.

50% Shale.

Fine internal glaucenitic laminations

is sandstone. Planolites in some beds.

Glauconitic shaly sandstone, greenish
gray, very fine to fine grained, very
thin to thin bedded.

Weathered surface is grayish orange.

Shaly sandstone, pale brown to reddish,
fine to medium grained, medium bedded
with greenish gray glauconitic sandstone
lenses.

Sandstone, dark greenish gray, very fine
to fine grained very thin wedded with
intervening laminated shale.

Flaser bedding. Weathered surface is
grayish orange.

Glauconitic sandstone, dark greenish
grav, very fine to medium grained, very
thin bedded, with intervening le

grayish red sandy shale.

Flaser bedding in the middle. Sandstene
is current laminated with fine glauconitic
laminae,

nated,

Sandy shale, gravich red thinly laminated
with cccasional laminated, very fine
grained glauconitic zandstone.



Thickness Cumulative

Unit In Meters Thickness Description

101/5 0.05 109.47 Quartzitic sandstone, dark greenish grav,
very fine grained very thin bed.

Rusty weathered suriace.

101/6 0.25 109.72 Sandy shale, gravish red, thinly Jlami-
nated, very fine grained.

101/7 0.76 110.48 Sandy shale, pale yellowish brown very
fine grained, thinly laminated with
lzmivnated sandstone at the bottom.
Flaser bedding at th2 bottom. Weathered
surface 1s grayish orange.

100/1 0.40 110.88 Alternate shale and sandstone wvery fine
grained, laminated, medium dark gray.
Grayish orange weatbered surface.

100/2 1.47 112.35 Glauconitic shaly sgandstone, pale olive,
very fine grained, laminated, color be-
comes grayish red top 25 cm.

Unit looks massive. Glauconitic is
concentrated in lensc¢s at the tep.

100/3 0.60 112.95 Shaly sandstone, grayish red, very fine
grained, laminzted with dark greenish
gray, glauconitic sandstone lenses, {ine
to medium grained,

100/4 1.83 114.78 Glauconitic shaly sandstone, light
greenish gray, very fine grained, lami-
nated with occasional very thin beds.
Planolites on lower bedding of some beds.

99 0.60 115.38 Alternate laminated shale and very thin
bedded, very fine grained sandstone;
dusky yellow.

Flaser bedding. Rusty weathered surface.

98 0.86 116.24 Shaly clauvconitic mandstoue gravish red,

fine grained, lominatoed to very thino
bedded with a thin sandstonc bed in the
middle. Unit is greenish and more glau-
conitic at the bottom.

Thin sandstonc has dark yvellowish orange
weathered surface.
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Description

Sandstene, dusky yellow, very fine to fine
grained, thin bedded at the bottom bhe-
coming verv thin bedded at the top with
intervening laminated shale.

Fine Flarclites on lower bedding plane

of some beds.

Glauconitic shaly sandstone, pale
greenish yellow, fines to medium grained,
laminated with very coarse grained lenses
of quartz and hematite pellets at the

Unit looks medium bedded. Dark yellowish
orange weathered surface.

Sandstone, dusky yellow, very fine to fine
grained, very thin bedded with intervening
laminated shale.

Current laminated; looks flasered. Some
beds are bioturbated and full of Planolites.

Glauconitic shaly sandstone, pale greenish
yellow, fine to mediuwm grained, laminated.

Glaucounitic shaly sandstone, pale brown,
fine to medium grained, laminated with
occasional very thin sandstone beds.

Sandy shale, dusky yellow, very fine to
fine grained, laminated to very thin
beddcd with occasional laminated sand~
stone beds.

Dark yellowish orange weathered surface.
Unit is slightly glauconitic.

Shaly sandstone, glauconitic. dusky
yellow, very fine to fine grained, lami-
nated to very thin bedded. Uait is sandy
shale at the bottomn.

Dark vellowish orange weachered surface.
Laminated sandy shale looks like one

Thickness Cumulative
Unit In Meters Thickness
97% 0.56 116.80
30% Shale,
96/1% 0.25 117.05
top.
95 0.96 118.77
94/1 0.35 119.12
94/2 0.35 119.47
94/3 0.66 12G6.13
93/1 1.27 121.40
thick bed.
93/2 0.10 121.50

Sandstone, light greenish gray, fine to
coarse grained, thin bed.
Rounded quartes grains.



Unit

Thickness
In Meters

Cumulative
Thickness
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Description

92/1:\':

92/2

92/3

92/4

92/5

92/6

92/7

91/1

91/2

3.

30

.40

.22

.80

.22

.71

.0

.86

.15

124.80

125.20

126.42

127.22

131.44

132.15

132.75

133.61

133.76

Sandstone, cdusky yellow to pale brown,
very tine to fine grained, very thin to
medium bedded.

Dark yellowish orange weathered surface.
Fractured and jointed. Dissiminated
mica. Planolites on lower bedding plane

of some beds.

Shale, light olive gray, thinly laminated
with very fine grained laminated sandstcne
at the bottom.

Unit looks bioturbated. Rusty weathered
surface.

Shaly sandstone, dusky yellow fire
grained, very thin to thin bedded.
Slightly glauconitic. Unit looks
bioturbated. Rusty weathered surface.

Sandy shale, light olive gray, laminated,
with occasional very thin bedded, very
fire grained sandstone.

Rusty weathered surface.

Sandstone and shaly sandstone, light

olive gray, very fine to fine grained,
very thin to thin bedded.

Many beds loonk bioturbated. Some beds

are slightly glauconitic. Rusty weathesed
surface. Fractured and jointed.

Glauconitic shaly sandstone, light greenish
gray, very fine grained, very thin to thin

bedded.

Looks like one thick bed. Rusty weathered

surface.

Sandstone ale yellowish brown, very fine
3 J s

grained, laminated to very thin bedded.

Fine internal glauconitic laminae.

Alternate laminated shale and sandstone,
very finec grained, grayish red;
occasiocnal very thin bedded sandstone.

Shale, greenish gray, thinly laminated
with some very thin bedded silty shalec.



Unit

Thickness
In Meters

Cumulative
Thickness

B
N
N

Description

91/3

91/4

91/5

91/6

91/7

91/8

90%*

89

87/1

0.20

0.45

0.20

1.50

7.36

8.12

4,82

133.96

134.11

134.19

134.62

134.82

136.32

143.68

145.18

153.30

158.12

Sandstone, dusky vellow, very finc
grained, very thin bedded with inter-
vening laminated shale,

10% Shale

Current laminated.

Shale, greenish gray, thinly laminated.
Flakey and friable.

Siltstone, greenish gray, very thin
bedded with 2 cm. thick horizon of
shale.

Rusty weathered surface.

Shale, medium bluish gray, thinly
laminated with a 3 cm. thick of silt-
stone in the middle.

Flakey and friable.

Silty shale, light olive gray, laminated.
Unit looks thin bedded.

Shale, grayish olive, thinly laminated
with occasional laminated to very thin
bedded siltstone.

Limestone, medium gray, microcrystalline,
thick to very thick bedded; very pale
orange weathered surface.

Honeycomb weathering due to replacement
by dolomite. Intraclasts are abundant.
Deeply weathered and partly covered by
overlying shale.

Shale, grayish red, thinly lanminated.
Flakey and friable.

Limestone, medium gray, micro-crystalline,
thick to very thick hedded; verv pale
orange weathered surfuce.

Honeycomb weathering due to partial
replacement by dolomite. Deeply weathered
and partially covered by overlying shale.

Sandstone, very fine grained very thin
bedded with intervening lawinated snalc
and siltstone; original color is marked
by deep weathering colors of dark yellow-
ish orange to moderate yellowish brown.
Not very well exposed.



Unit

Thickness
Iin Meters

Cumulative
Thickness

Desgcription

87/2

87/3

87/4

86 %

85

84/1

84 jf

N

84/3

83/1

83/2

0.62

1.00

0.25

0.75

0.66

0.56

0.30

.15

158.74

159.74

159.99

160.74

161.40

161.83

161.88

162.44

162.74

162.89

Sandstone, pale yellowish brown, verwv
fine grained, very thin bedded with
intervening light olive gray laminated
shale.

10% Shale.

Mica flakes could be recognized in sand-
stone. Planolites are abundant.

Sandstone, grayish red, very fine to fine
grained, very thin bedded with inter-
vening laminated shale.

10% Shaie

Sandstone is current laminated.

Alternate, very thin bedded very fine to
fine grained, moderate yellowish brown
sandstone and dark greenish gray,
laminated shale.

Sandstone beds wedge out.

Dolomite, mediur gray, wmicre-crystalliine,
very thin to thin bedded.

Very pale orange weathered surface.

Mud cracks?

Sandy dolomite, dark gray, micro-
crystalline, very thin bedded.
Current laminated with dark and light
laminae.

Doiomite, sandy, medium light gray, very
fine grained medium bedded with few thin
beds.

Shaly siltstone, greenish gray laminated.

Quartzitic sandstone, gravish pink to
pale red, very fine graiuned, laminated to
thin beddad.

Current laminated. 7Tri
the bottom of wuait,

i

obite tracas at

w

Sandstone, grayish red, very fine grained,
very thin bedded with intervening
laminated shale.

10% Shale.

Ripple warked. Plaser bedding.

Sandstone, pale red, very fine grained,
thin bed.
Current laminated.
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Thickness
Tn Meters

Cumulative
Thickness
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Descriptiocn

83/3

82/1

82/2

81

80

79/1%

79 /2%

78/1

78/2

78/3

77/ 1%

0.68

0.30

0.20

0.60

0.38

0.45

0.35

0.60

163.57

163.87

164.07

164.67

165.05

165.50

165.85

166.00

166.10

[
(e
N
(@S]
(@]

166.90

Alternate very thin to thin bedded sand-
stone and laminated to very thin bedded
shaly sandstone, very fine to {inc
grained, gravish red.

Current laminated, some internal laminae
are shaly. Planolites in scme bads.

Silty shale, dark greenish gray laminated.
Calcite veins 1 mm. thick.

Shale, dark gray, thinly laminated, with
a very thin dolomite bed at the top.

Sandstone, very pale orange tc light
olive gray, very fine grained, thin
bedded at the bottom to laminated at

the top.

Current laminated; slightly glauconitic.

Calcareous shale, pale olive, laminated.

Sandstone, very palc orange at the top
and pale red at the bottom, very fine
grained, very thin bedded.

Current laminated.

Dolomite, pale red, micro-crystalline,
medium bed.

Current laminated. Fractured and
jointed in some places.

Alternate laminated, shale and sandstone,
very fine grained, grayish red.
Looks flasered.

Limestene, grayish orange, micro-
crystalline, tnin bed.
Mud cracks, current laminated.

Laminated shale and sandy shale, gravish
red, very fine grained.
Flaser bedding.

Quartzitic sandstone, pale red becoming
lighter at the top, very fine grained,
thin to medium bedded.



Unit

Thickness

In

Meters

Cunmulative
Thickness
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Description

77/2

77/3

77/4

77/5

77/ 6%

7717

76/1

76/2

76/3

76/4

1.78

0.18

0.99

0.35

0.66

0.76

0.88

0.08

0.10

0.10

168.68

168.86

169.85

170.20

170.86

171.62

171.70

171.78

171.88

171.98

Sandstone, grayish red, very fine grained,
thin to very thin bedded with occasional
laminated shaly sandstone,

Ripple marks, current laminated; flaser
bedding. Some beds are biocturbated.

Thin sandstone beds wedge out.

Sandstone, greenish gray, wvery fine
grained, very thin bedded with inter-—
vening laminated shale.

10% Shale

Sandstone, gravish red, very fine
grained, thin hedded.
Current laminated; micro cross-bedding.

Sandstone, grayish red, very fine grained,
very thin Bedded, with intervening lami-
nate shale and shaly sandstone.

10% Shale.

Fine micro-cross-bedding. Sandstone
slightly glauconitic. Flaser bedding.

Quartzitic sandstone, pale red, very

fine grained, very thin bedded with
greenish gray bedding planes.

Ripple marked, shaly internal laminations
look like clasts.

Sandstone, grayish red, very fine grained,
very thin to thin bedded.

Most of the beds are bioturbated and full
of burrow casts with disruption of bedding.
Beds which are not burrowed might indi-
cate rapid deposition.

Laminated very fine sandstone and shale,
greenish gray.
Flaser bedding.

Shale, greenish gray, thinly lawminated.
Friable.

Sandstone, grayish crange, very fine
grained, very thin bedded.

Shaly sandstone, grayish brown very finc
grained, laminated.
Slightly glauconitic.
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Thickness Cumulative
Unit In Meters Thickness Description

75/1 0.25 172.23 Sandstone, grayish red, very fine graianed,
laminated to thiun bedded.
Micro cross-bedding, current laminated.

75/2 0.05 172.28 Sandstone, grayish orange, very fine
grained, thin bed.

75/3 0.05 172.33 Laminated, very fine grained sandstone
and shale, grayish red.
30% Shale
Flaser bedding.

75/4 0.38 172.71 Sandstone, pale red to light brown, very
fine grained, thin bedded.
Micro-cross-bedding. Current laminated
with alternate light and dark laminae.

74/1 1.62 174.33 Sandstone, pale red to grayish red, very
fine grained, very thin to thin bedded.
Current laminated. Planolites on lower

bedding plane of some beds. Fractured
and jointed.

74/2 0.20 174.53 Laminated, very fine grained sandstone
and shale, grayvish red.
507% Shale.

Flaser bedding.

74/3 0.08 174.61 Sandstone, pale brown, very fine grained,
very thin bedded.

Micro cross-bedding, wavy internal
laminae.

74/4 0.25 174.86 Laminated, very fine grained sandstone
and shale, grayish red.

Sandstone beds are ripple marked, flaser
bedding.

74/5 1.57 176.43 Sandstone, grayish red, very fine grained,
very thin bedded with occasional thin
beds alternating with laminated shale.
507 Shale
Flaser bedding at the bottom. Some beds
are dioturbated. Horizontal and vertical
worm burrows. Planolites in some beds.

73 0.58 177.0! Shaly siltstene, pale olive, laminated.

Slightly calcareous.
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Thickness Cumulative
Unit In Meters Thickness Description

72 1.16 178.17 Sandstone, grayish orange pink, very fine
grained, thin bedded.
Glauconitic or chleritic at the bottom.

71/1 0.15 178.32 Shale, grayish olive, laminated.

71/2 0.25 178.57 Sandy shale, grayish red, very fine
grained, laminated.
Seme laminae are glauconitic.

71/3 0.25 178.82 Calcareous siltstone, pale olive, very
thin bedded at the bottom beccoming lami-
nated at the top.

71/4 0.20 179.062 Shale, grayish green, laminated.
Friable,
71/5 0.20 179.22 Siltstone, grayish green, laminatecd to

very thin bedded.
Unit looks like one medium bed.

71/6 1.21 180.43 Shale, gravish green, thinly laminated.
Flakey and friable.

70/1 3.07 183.50 Dolomite, medium dark gray, mirco-
crystalline, very thin to thin bedded,
very pale orange weathered suirrtace.
Very fine grained sandstone stringers
and lenses in dolomite beds. Unit is
partly covered.

70/2 0.60 184.10 Shale, medium dark gray, laminated to
very thin bedded, with very thin dolomite
beds.

Mud cracks in some dolomite beds.

70/3« 0.20 184.30 Sandstone, grayish orange, very fine
grained, very thin bedded.
Crayish blotches on surface. Halite
casts.

70/4 1.22 185.52 Dolomite, medium dark gray cryptocrystal-
line, very thin to thin bedded with lami-
nated shale.

20% Shale
Very {ine grained sandstone stringers.

69 1.06 186.58 Quartzitic sandstone, yellowish gray to
pale olive, very fine grained, thin rto
medium bedded.

Fine internal irregular laminae.
Slightly gianconitic. Limonitic blotches
on surface.
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Thickness Cumulative
Unit In Meters Thickness Description

68/1x 1.16 187.74 Sandstone, grayish red, very fine grained,
very thin to thin bedded with inter-
vening laminated shale, flakey and
friable.

407 Shale

Micro cross-bedding. Planolites are
abundant in sandstone beds. Some beds
are bioturbated.

68/2 0.08 187.82 Sandstone, pale red, very fine grained,
thin bed.

Greenish and reddish internal laminae.

67/1 0.08 187.90 Silty shale, grayish orange, lamirnated,
with grayish bedding planes.

67/2 0.40 188.30 Sandstone, grayish red, very fine pgrained,
very thin bedded with occasional thin beds
and intervening laminated shale.

50% Shale
Flaser bedding. Sandstone has a grayish
range weathered surface.

66 1.52 189.82 Sandstone, grayish red, very fine grained,
thin bedded with occasional very thin and
mediun beds.

Ripple marked. Beds in the middle are
bioturbated.

65/1 0.23 190.05 Shale, gravish red, laminated with very
thin bedded, very fine grained sandstone
at the top.

65/2 0.10 190.15 Sandstone, light brown, very fine grained,
thin bed.

Fine internal wavy laminations; vesicles,
2 ma. in diameter.

65/3 0.10 190.25 Shale, grayish red, thinly laminated.
Flakey.

65/4 0.08 190.33 Sandstone, light brewn, very fine graincd,
very thin bedded.

Current laminated with dark and light
laminae.

65/5 0.18 190.51 Shale, grayish red, thinly laminated.

Flakey and friable.



229

Thickness Cumulative
Unit In Meters Thickness Description

65/6 1.22 191.73 Sandstone, grayish red, very fine grained,
very thin bedded with intervening lami-
nated shale.

40% Shale.
Ripple marked. Current laminated.

64 0.96 192.69 Shale, grayish red, laminated.
Flakey and friable.

63 0.63 193.32 Shale, grayish olive, thinly laminated
with laminated very fine grained shaly
sandstone,

637% Shale.

62/1 0.30 123.62 Calcareous siltstone, grayish yellow,
very thir to laminated with 3 em. thick
dark gray shale

62/2 0.60 164.22 Sandstone, grayish red, very fine grained,
very thin to thin bedded with intervening
laminated shale.

15% Shale
Mud cracks. Planolites on lower bedding
plane of some beds.

61 0.91 195.13 Shale, grayish red, thinly laminated,
with occasional very thin bedded very
fine grained sandstone.

60 0.45 195.58 Sandstone, grayish red, very fine grained,
very thin bedded with intervening lami-
nated shale.

10% Shale.
Flaser bedding.
Mud cracks. Sandstone slightly glauconitic.

59 0.71 196.29 Sandstone, light brown, very fine grsined,
thin bedded, with shaly bedding planes.
Current laminated. Planclites on lower
bedding plane of some beds.

58/1% 0.25 196.54 Sandstone, dark grayish red, very fine
grained, very thin bedded with occasional
laminated shale.

10% Shale
Flaser bedding. Planolites in some beds.

58/2 0.41 196.95 Sandstone, gravish red, very fine grained,
very thin to thin bedded, with grecnish
gray bedding mlanes.

Ripple marks.



Thickness

Cumulative
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Unit In Meters Thickness Description

57/1 0.08 197.03 Sandstone, greenish gray to very pale
orange, very fine grained, thin bed.

57/2 0.25 197.28 Sandstone, dusky yellow, very fine
grained, very thin vedded with
occasional laminated shale.

5% Shale.
Sandstone is glauconitic.

57/3 0.15 197.43 Sandstone, greenish gray, very fine
grained, very thin bedded with inter-
vening laminated shale.

5% Shale.
Sandstone is slightly glauconitic.

57/4 0.35 197.78 Sandstone, greenish gray, very fine
grained, very fine grained, very thin
bedded with laminated shaly sandstomne
at the bottom.

Sandstone becomes more glauconitic
towards bottom of unit.

56 0.91 198.69 Sandstone, grayish red, very fine grained,
very thin to thin bedded with occasional
laminated shale.

Mud cracks in several beds, greenish gray
bedding planes.

55/1 0.08 198.77 Shaly sandstone, greenish gray, very fine
grained, laminated.

20% Shale.
Planolites under some beds.

55/2 1.57 200.34 Sandstone, grayish red, very fine grained,
very thin bedded with occasional laminated
shale.
20% Shale
Mud cracks. Planolites under some beds.
Flaser bedding lower 25 cm.

55/3 0.60 200.94 Glauconitic sandstone, dark, greenish

gray, very fine grained very thin bedded,
with intervening laminated grayish red
shale.

257% Shale.

Ripple marred; flaser bedding. Planolites.
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54/1%

54/2

53/1

53/2

52

51

[
D
.2,

49

48

0.96

0.23

0.35

0.79

0.71

2.57

1.09

201.90

202.13

202.48

203.27

203.98

207.00

209.38

211.95

213.04

Sandstone, grayish orange pink, very f{ine
grained, thin bedded with occasional very
thin beds.

Ripple marked; current laminated with
shale and glauconitic internal laminae.

Glauconitic sandstone, greenish gray, very
fine grained, very thin to thin bedded.
Planolites on lower bedding plene of

some beds. Crayish orange weathered
surface.

Sandstone, pale olive to olive gray, very
fine grained, laminated with occasional
very thin bteds and intervening laminated
shale.

10% Shale.

Flaser bedding. Planolites on lower
bedding plane of some beds.

Sandstone, yellowish gray, very fine
grained, very thin to thin bedded with
occasional laminated snale.

Unit is bioturbated planolites on lower
bedding plane.

Sandstone, grayish red, very fine grained,
very thin to thin bedded, scme beds are
shaly.

Mud cracks; current lamineted with
internal shale laminae.

Shale, grayish red, thinly laminated.
Flakey and friable.

Sandstone, grayish red, very fine grained,
very thin to thin bedded with shaly
bedding planes.

Mud cracks; current laminated with very
fine shale lenses. Ripple mwarks.
Planolites on sonc beading plancs.

Beds at the top are ‘wuggy.

Silty shale, grayish red, laminated
becoming more silty at the middle with
a grayish orange siltstone bed 13 cm.
thick in the middie.

Friable; unit looks massive.

Sandstone, pale brown, very fine grained,
very thin bedded with shaly bedding

planes.

Current laminated; mud cracks. Planolites.
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48

47

46/1

46/2

46/3

46/4

45/1

45/2

45/3

1.09

213.04

213.93

214.48

214.98

216.15

216.55

218.02

218.68

220.86

Sandstone, pale brown, very fine grained,
very thin bedded witih shaly bedding

planes.

Current laminated; mud cracks. Planolites.

Sandstone, gravish r=d, very fine
grained, laminated with intervening shale
becoming dominant at the bottom.

Flaser bedding; current laminated.

Ripplie marked.

Shale, grayish red, laminated with
occasional laminated, very fine grained
shaly sandctone.

Flakey and friable.

Shale, dark greenish gray at the bottom
and grayish red at the top, thinly
laminated.

Silty shale, dark greenish gray laminated.
Fecal pellets on bedding planes.

Sandstone, grayish orange pink, very fine
grained, very thin bedded with inter-
vening greenish gray shale.

Ripple marked.

COVERED?

FAULT

Sandstone, pale yellowish brown to very
pale orange, very fine grained, thin
bedded with occasional very thin and
medium beds.

Jointed.

Shale, light greenish gray, thinly
laminated.
Flakey and friable.

Sandstone, pale vellowish brown to very
pale orange, very fine grained, thin
bedded mostly with some very thin and
medium beds.

Jointed.
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44/1

44/2

43

42/1

42/2

42/3

41

40

1.02

0.50

1.12

0.55

1.62

2.13

.57

221.88

222.38

223.85

224 .40

226.02

228.15

229.72

Sandstone, pale brown to grayish red,
laminated, very fine grained, aiteruating
with thinly laminated shale.

50% Shale.

Flaser bedding. Shale dominant at
bottom.

Shale, greenish gray, laminated, alter-
nating with laminated dark y=zllowish
orange, very fine grained caudstone.
60% Shale.

Flaser bedding. Shale is dominant at
the top of unit.

Shaly sardstone, light olive gray, very
fine grained, iaminated to very thin
bedded with grayish orange, thin sana-
storte bed at the top.

Ripple marked.

Sandstone, yellowish gray, very fine
grained, thin to medium bedded with pale
clive bedding planes.

Ripple marked. Planolites arc not
abundant. Mud cracks.

Sandstone, very pale orange, very fine
grained, very thin bedded with occasicnal
laminated shale.

5% Shale.

Quartzitic sandstone, pale red to grayish
orange, very [ine grained, medium bedded
with occasicnal thin beds.

Fine pale red and grayish crange internal
laminations. Slightly glauconitic at

the top.

Sandstone, grayish red, wvery f{ine grained,
laminated to very thin bedded with shaly
bedding planszsa,

Current laminated; ripple marks; {laser
bedding bottom 38 cm. Planolites.

Sandstone, pale brown to grayish red,
very fine grained, medium to thin bedded
with occasional very thin bedded gand-
stone and lominated shale.

Mud cracks; ripple marksg; current
laminated.
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Thickness Cumulative
Unit In Meters Thickness Description

39 0.66 230, 38 Shale, grayish red, thinly laminated,
silty at the top.
Flakey and friable.

38 1.78 232.16 Sandstone, grayish red, very fine
grained, very thin to thin bedded with
intervening laminated shale.

30% Shale.
Ripple marked; mud cracks. Planolites.

37/1 0.50 232.66 Silty shale, dusky yellow, laminated.
Unit looks medium bedded.

37/2 1.17 233.83 Sandstone, yellowish gray to light
greenish gray, very fine grained, very
thin to thin bedded with pale olive
bedding planes.

Fractured and jointed. Ripple marks;
current laminated. Planolites, some
beds are bioturbated.

36/1 0.40 234,23 Calcareous siltstone, pale greenish
yellow to grayish yellow, laminated.
Transverse calcite veins - 2 mn. thick.

36/2 2.03 236.26 Shale, greenish grav, thinly laminated.
Flakey and friable, calcite veins 2 mm.
thick.

35 1.42 237.68 Silty limestone, grayish yellow, lami-
nated to very thin bedded, with few dark
very thin bedded dolomite.

Mud cracks; halite casts. Fine internal
laminae in dolomite. Unit is disturbed.

34 0.76 238.44 Calcareous shale, dusky yellow, laminated.
FAULT

33/1 0.30 238.74 Sandstone, gravish orange, wvery fine
grained, nedium bed.

Fractured and jointed.

33/2 0.81 239.55 Calcareous shale, dusky yellow laminated
with very thin bedded very fine grained
sandsteone in the middle.

Looks [lasered ir the middle.
32 1.00 240.55 Sandstone, dusky vellow to light brownish,

very fine grained very thin to thin bedded
with a medium pray, very thin to thin
bedded delomite wedge in the middle.
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Thickness
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Cumulative
Thickness
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Descriprion

31

30/1

30/2

29

28/1

28/2

28/3

28/4

27/1

1.00

0.86

0.76

0.71

0.10

0.15

0.10

0.40

0.46

N
s
—
W
(W a3

242 .41

243,17

243.88

243.98

244 .13

244,23

244.63

245.09

Laminated calcareous shale at the same
level with dolomite.

Ripple marked. VYFlaser bedding at the
top of unit.

Shaly dolomite, medium gray very thin
bedded with intervening calcarcous shale,
dusky yellow, laminated. @®ccasicnal very
thin very fine grained sandstone bads.
Polomite breaks into small cubes and
chips.

Sandstone, dusky yellow, very fine
grained, very thin to thin bedded.

Some beds are bioturbated. Fractured

and jointed. Limonitic weathered surface.

Sandstone, glauconitic, dark greenish
gray, very fine grained very thin to
thin bedded.

Planolites 2 mm. wide, 2 cm. long.

Sole like marks on some beds. Jointed.

Shale, grayish red, laminated with few
very thin bedded, very fine grained
sandy shale. ©nit has a lighter color
at the top.

Friable.

Quartzitic sandstone. pale brown, very
fine grained, thin bed.
Current laminated.

Shale, thinly laminated, greenish gray
at the bottom and grayish red at the top.

Sandstone, greenish gray, very i{ine
grained, very thin bedded.

Fine greenish laminae at the top aud
reddish laminae at the bottom.

Sandstone, glsuconitic, grayish red,
very fine grained very thin bedded with
occasional thin beds and intervening
laminated shale becoming dominant at
the top.

Planolites in sare beds.

Sandstene, gravish oraunge, very fine
greined, thin to medium bedded.
Current laminated. Jointed and
fractured,
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Thickness Cumulative
Unit In Meters Thicknessg Description

27/2 0.25 245 .34 Sandstone, grayish yvellew to pale brown,
very fine grained, very thin bedded with
greenish gray, shaly bedding planes.
Shale slightly metromorphosed by
folding.

26 0.35 245,69 Sandstone, grayish red, very fine grained,
very thin bedded, with intervening thinly
laminated shele.

10% Shale.
Ripple marks. DPlanolites.

25 1.16 246 .85 Sandstone, pale red to pale brown, very
fine grained, thin to medium bedded with
limonitic surfaces.

Mud cracks; ripple marks; current lami-
nated. Planolites in some beds in the
middle 1.5 cm. wide.

24/1 0.15 247 .00 Sandstone, pale ved to pale brown, very
fine grained, very thin to thin bedded
with some laminated shale.

Mud cracks; ripple marks. Worm burrows.

24/2 0.20 247.20 Shale, gravish red, thinly laminated
alternating with very thin bedded, very
fine grained saudstone.

607% Shale.
Mud cracks; Planolites.
SMALL FAULT

24/3 0.35 247 .55 Alternate, laminated shale and very fine
grained, very thin bedded sandstone,
grayish red.

507% Shale.

24/4 0.20 247,75 Shale, gravish red, thinly laminated
with occasional laminated, very fine
grained shaly sandstene.

Calcite veins 2 mm. thick. Flakey and
friable.

24/5 0.66 248.41 Sandstone, grayish red, very fine grained,

very thin bedded with occasional thin
beds alternating with laminated shale.
357 Shale.

Mud cracks; ripple marks; current
laminated,
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24/6

24/7

23/1

23/2

23/3

22/1

22/2

22/3

21

0.25

0.35

1.22

0.40

0.20

2.18

0.30

0.50

248.66

249,01

250.23

250.63

250.83

253.01

253.16

253.46

253.96

Shale, grayish red, thinly laminated.
Flakey and friable. Calcite veins.

Sandstone, grayish orange, very fine
grained, very thin tco thin bedded with
grayish red shaly bedding planes.
Ripple marks.

Silty shale, grayish red, laminated with
two very thin very fine grained sandstone
beds at the top.

Sandstone bads, ripple marked and

current laminated.

Shale, greenish gray, thinly laminated
alternating with very thin bedded, very
fine grained grayish vellow sandstone.
Shale is dominant at the top.

Siltstone, dusky yellow, very chin
bedded. A 5 e¢m. thick greenish gray,
very fine grained sandstone bed at the
bottom.

Weathers to small cubes.

Sandstecne, grayish red, very fine grained,
very thin bedded alternating with lami-
nated shale.

407% Shale

Mud cracks; ripple marks. Planolites.
Flaser bedding.

Shale, dark greenish gray, laminated
with sandy shale very fine grained.
Shale has a shiny luster.

Sandstoune, gravish red, veryv fine grained,
very thin bedded alternating with lami-
nated shale.

Flaser bedding; Planclites.

Sandstone, pale brewn to grayish red,
very fine grained, very thin to thin
bedded with shaly bedding planes.
Current laminated. Some beds wedge out.
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20

19/1

19/2

18

17/1

17/2

17/3;’:

16

1.57

0.86

0.35

0.96

0.08

0.10

0.45

0.71

255.53

256.39

256.74

257.70

257.78

257.88

259.04

Sandstone, grayish red, very fine grained,
very thin bedded alternating with laminated
shale; sandstone is dominant in the middle
of unit. @ccasional greenish gray lami-
nated shale.

30% Shale.

Flaser bedding top and bottom of unit,
ripple marks; Planolites; fecal pellets

on bedding planes.

Sandstone, paie red, light greenish gray
at the top, very fine grained, very thin
to thin bedded.

Ripple marked; some beds are lenses

0.75 -~ 1.00 mm. long.

Sandstone, grayish red, very fine grained,
very thin bedded alterunating with Jami-
nated shale.

257 Shale.

Flaser bedding; ripple marks; mud cracks;
current laminated.

Sandstone, grayish red, very fine grained,
very thin bedded with intervening lami-
nated shale.

40% Shale.

Flaser bedding.

Sandstone, pale brown, very fine grained,
very thin bedded, with shaly bedding
planes.

Ripple marked; current laminated.

Sandstone, grayish red, very fine grained,
laminated alternating with laminated shale.
30% Shale.

Flaser bedding.

Sands tone, pale red to gravish red, very
fine grained, very thin toe thin beaded,
with shaly bedding planes.

Current laminated.

Sandstone, pale red to grayish orange,
very fine grained, very thin bedded with
grayish red, laminated shole. Light
greenish gray sandstone bed at the top.
5% Shale.

Ripple marked.
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Thickness Cunulative
Unit In Meters Thickness Description

15/1 0.66 259.70 Sandstone, grayish red, very fine grained,
very thin bedded alternating with lami-
nated shale and shaly sandstone.

Flaser bedding; ripple marked; current
laminated.

15/2 G.C8 259.78 Shale, laminated alternating with very
fine grained sandstene, grayish red.
Flaser bedding.

14 0.76 260.54 Sandstone, pale red to pale brown, very
fine grained, very thin bedded with
shaly bedding planes.

5% Shale.
Rirple marked; mud cracks;
flasered at the bottom; planolity.

13/1 0.30 260. 84 Shale, grayish red, thinly laminated
alternating with lsminated, very {ine
grained sandstone.

607 Shale.
Flaser bedding.

13/2 0.20 261.04 Shale, greenish grav, laminated alter-
nating with laminated very fine grained
sandstene.

607% Shale.
Flaser bedding.

12 0.76 261.80 Sandstone¢, pale red to grayish red, very
fine grained, very thin to thin bedded
with shaly bedding planes.

Ripple marked; fine shale internal
laminae in some beds. Planolites 1 - 2
cm. wide. Unit looks massive. Jointed.

11 0.55 262.35 Sandstone, grayish red, very fine grained,
laminated with occasional very thin heds
alternating with laminated shale.

407 Shale.
Flaser bedding.
10/1 0.35 262.70 Sandstone, grayish red, very fine grained,

very thin to thin bedded with occasional
laminated greenish gray shale and sand-
stone.

5% Shale.

Ripple marked. Some beds are bioturbated.
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10/2 0.55 263.25 Shale, grayish red, laminated, alternating
with laminated, very fine grained sandstone.
507% Shale.
Flaser bedding. Sandstone slightly
glauconitic. Small normal fault.

9/1% 0.45 263.70 Sandstone, pale brown at the bottom
becoming light greenish gray at the top,
very fine grained, thin to very thin
bedded with one medium bed.

Unit looks modular at the top due to the
presence of shale. Slightly glauconitic
at the bottom. Looks bioturbated with

very short vertical burrows. (Scovenid -
9/2 0.50 264.20 Sandstone, grayish red, very fire grained,

very thin bedded with thin beds at the
top and bottom alternating with laminated
shale.

30% Shale.

Flaser bedding; mud cracks. Planolites
in some beds.

8 0.91 265.11 Sandstone, grayish red to pzle brown,
very fine grained, very thin bedded
alternating with laminated shale which is
abundant at the tcp.
30% Shale.
Flaser bedding; ripple marked. Planolites.
Very fine calcite veins.

7 0.81 265.92 Sandstone, pale red, very fine grained,
medium bedded at the bottom beceming thin
bedded at the top.

Ripple marked; current laminated.
Limonitic blotches on the surface.

6/1 0.40 266.32 Sandstone, grecenish gray, very fine
grained, laminated alternating with thinly
laminated shale with shale dominant top
5 cm.

10% Shale
Flaser bedding. Small folds in unit.

6/2 0.15 266.47 Sandstone, grayish vellow, very fine
grained, very thin bedded with occasional
laminated shale.

5/1 1.05 267.52 Quartzitic sandstone, grayish yellow to
pale olive at the top, fine grained;
thin bedded with occasional very thin
and medium beds,
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Unit TIn Meters Thickness __ _Description

Current laminated, laminae have a
limonitic color. Unit looks thick bedded.

5/2% 0.28 267.80 Sandstone, mederate orange pink, very
coarse to medium grained, wedium bed.
Large scale cross bedding. Quartz grains
are rounded; friable.

5/3 0.60 268,40 Quartzitic sandstone, grayish orange to
pale olive, very fine grained, thin to
medium bedded.

Pale green te reddish internal laminations.
Unit leoks thick bedded.

5/4% 0.30 268.70 Sandstene, grayish red, very fine grained,
thin to medium bedded.
Mud cracks; dark and light internal
laminations; bioturbated.

4/1 0.15 268.85 Silty shale, dark greenish gray laminated.
Friable.

4/2 0.10 268.95 Silty shale, grayish red, laminated.
Friable.

4/3 0.10 269.05 Silty shale, dark greenish gray,
laminated.
Friable.

Ll4 2.84 271.89 Silty shale, grayish red, laminated.
Friable.

4/5 1.06 272.95 Shaly siltstone, gravish red, laminated.

Unit looks medium bedded.

3/1 1.83 274.78 Sandstone, grayish red, very fine grained,
very thin to thin bedded with occasicnai
laminated shale.,

5% Shaie.

Ripple marked; mud cracks, alternate dark
brown and light internal laminze of shale
and sandstone.

2/1 1.42 276.20 Silty shale, gravish red, laminated.
Very fine calcite veins parallel and
diagonal to bedding.
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Unit In Meters Thickness Description

2/2 0.66 276.86 Siltstone, grayish red, with light
greenish gray laminae at the top, very
thin to thin bedded.

FAULT

1/1 1.00 277 .86 Sandstone, grayish red, very fine grained,
very thin to thin bedded with laminated
silty shale at the top.

Calcite veins parallel and diagonal to
bedding. Asymumetrical fold.

1/2 0.96 278.82 Silty shale, grayisih red, laminated.

1/3 1.78 280.60 Sandstone, gravish red, very fine grained,
very thin to thin bedded, occasional
laminated beds.

Mud cracks. Current laminated. Shaly
bedding planes.

1/4 1.78 282.38 Shale, grayish red, laminated alternating
with very fine grained, laminated shaly
sandstone.

607 Shale.
Flakey and friable.

1/5 0.40 282.78 Shale, dark greenish gray, laminated.
Friable.
1/6 2.28 285.05 Silty shale, grayish red, laminated with

intervening very fine grained, very thin
bedded sandstone with occasional, lami-
nated dark greenish gray silty shale.

1/7% 1.27 286.33 Sandstone, grayish red, very fine grained,
very thin bedded with shaly bedding
palnes.

Halite casts; mud cracks.
COVERED?

WHITE OAK MOUNTAIN FAULT
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CLINTON SECTION

Description

11/1%

11/2

11/3

11/4

11/5

11/6

11/7%

10/1

1.65

1.75

0.28

0.13

0.55

0.20

1.20

0.08

1.65

3.40

3.81

4.36

4.56

5.76

5.84

COVERED AND FAULTED

Sandstone, grayish olive, medium to coarse
grained, thin to medium bedded with a
rusty weathered surface.

Sandstone, pale olive, very fine to
medium grained, very thin bedded with
occasional thin beds.

Jointed.

Sandstone, light olive gray, fine to
medium grained, very thin to thin bedded
with light brownish gray bedding planes.
Beds look modular due to weathering.

Sandstone, pale yellowish brown to dark
greenish gray, fine grained with lenses
of medium to coarse grained sandstone,
very thin bedded.

Sandstone, pale vellowish brown, fine tc
medium grained, laminated to very thin
bedded with intervening clay due to
weathering.

Sandstone beds have rusty reddish
surfaces.

Sandstone, light olive gray, fine grained,
medium bedded but wedges out and becomes
thin to very thin bedded laterally.

Beds are fractured and jointed with rusty
colored surfaces.

Sandstone, greenish gray, fine to medium
grained, very thin to thin bedded alter-
nating with bluish grav laminated shale
which is dominant at the bottom and
decreascs upward. Coarse grained sand-
stone 1is at the top.

207% Shale.

Planolites in scme sandstone beds.

Sandstone, pale olive, fine to wmedium
grained, thin bedded.
Rusty weathered surface.
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Unit In Meters Thickness Description

10/ 0.55 6.39 Sandstone, light olive gray to gravish
red, coarse to very coarse grained,
thin bedded.

Conglomeritic horizons with white and
yellowish rounded quartz grains.

10/3 0.33 6.72 Sandstone, greenish gray and dark
greenish gray, medium to coarse grained,
very thin bedded with occasional lami-
nated shale, pale yellowish orange and
pale olive.

Sandstone beds have a rusty weathered
surface.

10/4 0.55 7.27 Sandstone, grayish red and grayish olive,
fine to medium grained interbedded with
coarse grained grayish red sandstone
beds, thin to very thin bedded.

9/1 0.70 7.97 Sandstone, grayish orange with a greenish
tinge, fine grained, very thin bedded
with laminated shale at the top.

5% Shale.

9/2 2.35 10.32 Sandstone, pale olive, medium grained
with occasicnal fine and coarse grained
beds, very thin to medium bedded, with
rusty weathered surfaces.

Medium bedded sandstone wedge out and
become very thin bedded laterally.
Planolites on upper bedding of scme beds.

8% 1.40 11.72 Sandstone, greenish gray, fine grained,
medium to thick bedded, with 3 cm. thick
lens of conglomerate of very coarse quartz
and black pebbles.

7 2.75 14.47 Alternate iaminated shale and very fine
grained, very thin bedded sandstene,
light bluish gray.

607 Shale.
Sandstone beds are ripple marked; some
beds have Planoclites.

6/1 0.33 14.80 Sandstone, glauconitic, pale olive to
greenish grav, fine grained, medium
bedded, with rusty weathered surface.
Bed wedges out, fine ripple marks.

6/2 0.18 14.98 Shale, wedium bluish gray, thinly
laminated, flakey and friable.
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6/3

4%

3/1

3/2

3/3

3/4

1/1

0.35

1.05

0.60

1075

2.50

0.80

0.80

3.50

1.20

15.33

16.38

16.98

18.73

21.23

22.03

22.83

26.33

27.53

Sandstone, glauconitic, pale olive, fine
grained, thin bedded.

Alternate thinly laminated shale and very
thin bedded, very fine grained sandstone,
medium bluish gray.

207% Shale.

Some laminated beds are reddish.

Sandstone, medium bluish gray, fine
grained, thick bedded with limonitic
weatbered surface.

Svirl features on upper bedding plane.

Alternate thinly laminated shale and very
thin to thin bedded sandstone, very fine
to fine grained, medium bluish gray.

607 Shale.

Thin sandstone beds at the top wedge out
in a distance of few meters.

FAULT

Alternate thinly laminated shale and very
thin bedded very ifine grained sandstone,
medium bluish gray.

607 Shzle.

Shale, medium bluish gray, thinly
laminated, friable.

Alternate laminated shale and very thin
bedded, very fine grained shaly sand-
stone, medium bluish gray.

Alternate laminated shale and very thin

to thin bedded very fine grained sandstone.
Shale is medium bluish gray, sandstone
beds are light brownish gray.

607% Shale.

Alternate thinly laminated shale and
very thin bedded very fine grained
sandstone, medium fluish gray.

707 Shale

FAULT
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Thickness Cumulative
Unit In Meters Thickness Description
1/2 25.00 52.53 Alternate laminacred chale and laminated to

thin bedded very fine grained sandstone,
evenly bedded and dominant at the bottom
of unit,

70% Shale.

Drag folding and faulting distorted.

Some sandstone beds are current laminated.

COVERED?

WHITE OAK MOUNTAIN FAULT



PINE RIDGE - OAK RIDGE SECTION

Thickness Cumulative
Unit In Meters Thickness Description

Pumpkin Valley Shaie.

COVERED?

80 1.32 1.32 Quartzitic sandstone, greenish gray,
very fine grained, thin to medium
beddad.

Weathers to a grayish color.

9.15 10.47 COVERED
79 0.66 11.13 Sandstone, light greenish gray, fine

grained, medium bedded at the bottom
with laminated to very thin bedded at

the top.
1.50 12.63 COVERED
78% 4.60 17.23 Sandstone, pale brown, very fine grained,

very thin bedded at the bottom becoming
medium bedded at the top with laminated
dark greenish gray shale at the bottom.
Sandstone beds have a limonitic surface.

77 0.50 17.73 Shale, dark greenish gray, thinly
laminated.
Flakey and friable.

76 1.50 19.23 Sandstone, grayish red, very fine to
medium grainecd, medium bedded.
Sandstone beds with limonitic surface.

75 2.50 21.73 Sandstone, dark greenish gray, very fine
to medium grained, wery thin evenly wedded
with laminated shale.

74 2.80 24.53 Shale, dark greenish grav, thinly lami-
nated with occasional very tnin sandstone
beds.

Shale is grayish red at the bottom.

73 3.50 28.03 Shale, grayish red, laminated at the
bottom, with silty shale at the top both
interbedded with very thin to thin
bedded, dark yeliowish orange, very finec
grained sandstone.
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72%

71

70

69

68

67 %

66

65

1.77

1.78

1.22

0.96

0.35

1.00

0.30

29.80

31.58

32.80

33.76

34,11

35.11

35.41

36.57

Sandstone, grayish red to dark greenish
gray, very fine grained, very thin to
laminated.

Occasicnal wvery thin quartzitic sandstone
beds.

Quartzitic sandstone, greenish gray to
grayish, fine grained with shaly coarse
to very coarse grained sandstone near
the top, thin to very thin bedded with
occasional laminated beds.

Ripple marked, current laminated. Holes
on bedding plane 1 cm. in diameter.
Limonitic weathered surface.

Sandstcne, grayish red, fine to medium
grained, laminated.

Transported burrow casts, broken and
abundant at the top.

Quartzitic sandstone, light gray, fine
grained, thin to very thin bedded with
intervening dark greenish gray laminated
shale.

Ripple marked. Limonitic weathered
surface.

Shale, dark greenish gray, thinly
laminated.
Flakey and friable.

Quartzitic sandstone, light gray, very
fine grained, very thin to thin bedded
with 13 cm. thick horizon of dark greenish
gray laminated shale in the middle.
Planolites on bedding plane. Limonitic
weathered surface.

Shale, dark greenish gray, thinly
laminated, silty.

Quartzitic sandstone, greenish gray,
very fine grained, very thin to thin
bedded.

Ripple marked. Fractured and jointed.
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Description

Silty shale, grayish red, laminated inter-
bedded with very fine grained, very thin
bedded sandstone at the bottom and thin
bedded sandstone at the top. Occasional
lenses of coarse grained sandstone.
Planolites on lower bedding planec of

some beds. Current laminated with
glauconitic laminae, in sandstone.

Quartzitic sandstone, greenish gray to
light gray, very fine grained, very thin
to thin bedded with intervening laminated
shaly sandstone.

Current laminated with glauccnitic
laminze. BPBioturbated sandstone bed near
bottom. Limonitic weathered surface.

Shaly sandstone, greenish gray very fine
grained, laminated with occasional very
thin to thin bedded, grayish quartzitic
sandstone. Occasional lenses of very
coarse grained sandstone 3 cm. thick.
Two horizons are bioturbated and full of
burrow casts in the middle 25 cm. and at
the top 50 cm.

Quartzitic sandstone, greenish gray,
very fine grained, very thin to thin
bedded with a grayish red, coarse
grained 8 cm. thick sandstone bed in the
middle.

Skolithos in very thin beds. Planolites
on lower bedding plane. Glauconite is
abundant. Dark grayish red weathered
surface.

Quartzitic sandstone, light gray, very
fine grained, very thin bedded alternating
with greenish gray, laminated shale.

some beds.

Shaly sandstone, dark greenish gray, very
fine grained, laminated with occasional
laminated grayish red shale and light
gray, very thin bedded quartzitic sand-
stonec. Qocasional glauconitic sandstone,
very thin bedded and medium grained.
Planolites on upper bedding plane of

some beds. Sandstone beds with limonitic
weathered surface.
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Thickness Cumulative
Unit In Meters Thickness Description

58 0.13 49.21 Sandstone, light green, medium to coarse
grained, thin bed.
Cross-bedded with alternate sandstone and
glauconite laminae. Unit is a lens
shaped channel.

57% 1.93 51.14 Sandstone, grayish red, fine to medium
grained, very thin bedded with shaly
bedding planes. Medium grained sandstone
found in dark greenish gray glauconitic
very thin bands.

Current laminated.

56% 0.50 51.64 Dolomitic oolites, grayish red to gravish
green, fine to medium size ooides at the
top and coarse to very coarse size ooids
at the bottom. Glauconitic medium grained,
very thin bedded sandstone below the oolites.
Cross-bedded. OQolites are partly hemattic.
Current laminated glaucounitic sandstone.
Glauconite is abundant in oolites. Similar
to RP Unit 126.

FAULT

55% 6.00 57.64 Sandstone, grayish orange to greenish
gray, fine grained, thin to very thin
bedded, alternating with laminated
greenish gray and grayish red shale and
greenish gray silty shale.

Current laminated sandstone. Glauconite
is concentrated in dark greenish gray,
very thin sandstone beds. Unit is
inaccessible at the top.

54 0.71 58.35 Glaucenitic sandstone, dark greenish gray,
fine to medium grained, thin to medium
bedded with grayish red shaly bedding
planes.

Current laminated with alternate sandstone
and glauconite laminae.

53 0.70 59.05 Quartzitic sandstone, grayish red, very
fine grained, very thin bedded alternating
with laminated shale.

30% Shale.
Fault perpendicular to strike. Sandstone
has a limonitic color.

52 1.52 60.57 Silty shale, dusky yellow, laminated.
Dark green weathered surface.
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51

50%

49

48%

47

46

45

44

43

1.42

2.08

2.03

3.00

0.91

0.38

0.13

0.30

0.63

0.55

61.99

64.07

66.10

69.10

70.01

70.39

72.89

73.02

73.32

73.95

74.50

Sandstone, dusky yellow, very fine grained,
very thin to thin bedded alternating with
laminated light gray shale.

Some beds weather to a limonitic color.
Fractured and jointed sandstone.

Sandstone, dusky yellow, very fine
grained, very thin bedded at the bottom
becoming laminated at the top.

Current laminated.

Shaly siltstone, dusky yellow to pale
brown, laminated to very thin bedded with
several very thin to thin bedded, very
fine grained sandstone beds in the middle.
Some siltstone beds have greenish gray
bedding planes.

Sandstone beds are current laminated with
glauconitic laminae. Jointed. Siltstone
weathers easily.

COVERED

Siltstone, calcareous, dusky yellow,
laminated to very thin bedded with very
thin bedded, light gray limestone.

Organic structures on some bedding planes.

Siltstone, dusky yellow, laminated.
Weathers easily.

COVERED

Shale, sandy, laminated greenish gray at
the bottom and grayish red at the top.
Looks flasered.

Sandstone, dark yellowish orange to pale
brown, very fine grained, laminated to
very thin ®cdded.

Flasered bands at the top.

Silty shale, laminated, with 8 cm.
horizon of greenish gray silty shale
at the bottom and grayish red on top.
Flaser bedding.

Shaly sandstone, light brownish, very
fine graincd, Jaminated with grayish red
shaly bedding planes.



Unit

Thickness
In Meters

Cunulative
Thickness

Description

42

41

40

39

38%

37

36

35

34

33

32

0.35

0.55

1.22

0.91

0.55

0.91

0.20

1.00

0.43

0.25

0.63

74,85

75.40

76.62

97.53

78.08

78.99

79.19

80.19

80.62

80.87

81.50

Sandstone, pale yellowish brown, very fine
grained, laminated to very thin evenly
bedded.

Limonitic weathering. Fractured.

Silty shale, grayish red, laminated with
a very fine grained, very thin sandstone
bed close to bottom.

Sandstone, pale yellowish brown, very fine
grained, thin to very thin bedded with
intervening laminated, grayish red shale.
10% Shale.

Sandstone, grayish red, very fine grained,
very thin bedded aiternating with lami-
nated shale.

40% Shale.

Flaser bedding.

Sandstone, pale vellowish brown, very fine
grained, laminated thin unevenly bedded.

Shaly siltstone, dusky yellow, laminated
to very thin bedded with very fine, very
thin sandstone bands in the middle.

Sandstcne, pale yellowish brown, very
fine grained, very thin to thin evenly
bedded.

Current laminated. Jointed.

Silty shale and shaly siltstone, dusky
yellow, laminated to very thin bedded.
Looks like unit 71 in PR I-75 section.
(Lalite casts.)

Sandstone, light brown, very fine grained,
laminated to thin bedded.
Fractured and jointed.

Shale, greenish gray, laminated with
grayish orange laminated silty shale.

Shale, grayish red, laminated with
intervening, very fine grained, very thin
bedded ssndstone at the bottom.

607 Shale.



Unit

Thickness
In Meters

Cumulative
Thickness

253

Description

31

30

29

28

27 %

26

1.50

5.00

3.80

3.35

1.82

[p]
o
[0 9]

1.88

83

83

91

95.

96.

99.

101

.00

.00

.80

97

25

.13

COVERED
FAULT
COVERED

Sandstone, grayish red to pale red, very
fine grained, very thin to thin bedded
with intervening laminated shaly sandstone.
Shaly sandstcne is modular. Weathered
surface is dark greenish gray. Badly
weathered. Fractured and jointed.

Sandstone, dark yellowish orange very
fine grained, laminated to very thin
bedded.

Partly covered.

Shaly siltstone, greenish gray to dusky
yellow, laminated with occasional very
fine grained, very thin bedded sandstone
and laminated greenish gray shale.
Flaser bedding at the top.

Sandstcne, grayish red to pale brown,
very fine grained with occasional medium
grained horizons, very thin to thin
bedded at the bottom and medium bedded
at the top.

Current laminated. Planolites on lower
bedding of some beds.

Sandstone, grayish red to pale brown,
silty to very fine grained, very thin to
thin bedded interbedded with laninated
shale.

Halite crystal casts. Ripple marked.
Micro cross-bedding. [laser bedding.

Shale, gravish red, laminated with a

25 cm. thick horizon of grayish orange
siltstone and greenish gray shale in the
middle.

Sandstone, pale brown to pale red, very
fine grained, very thin to thin bedded
with shaly bedding planes,

Flaser bedding in the middle. Fractured
and jointed.



Thickness

Unit In Meters

Cumulative
Thickness
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Description

24 2.70

23 5.33

22 1.22

21 2.03

20% 1.72

19 1.42

18 1.50

103.83

109.16

110.38

112.41

114.13

115.55

117.50

Sandstecne, pale brown to grayish red, very
thin grained, very thin to thin bedded
alternating with laminated shale and shaly
sandstone. Shale sandstone are greenish
gray at the top.

Sandstone beds are current laminated.
Flaser bedding. Jointed and fractured.

Sandstone, pale brown, very fine grained,
very thin to medium bedded bottom and top
with laminated shale and sandstone in the
middle.

107 Shale.

Mud cracks. Current laminated. Planolites
on lower bedding planes of some beds.

Dark greenish gray weathered surface.

Sandstone, greenish gray, very fine to
medium grained with a medium bed at the
bottom and very thin to thin bedded sand-
stone alternating with laminated shale.
107% Shale.

Flaser bedding.

Sandstone, grayish red to pale red, very
fine grained, very thin to thin bedded
at the top alternating with laminated
shaly sandstone in the middle.

Sandstone, grayish red to pale red, very
fine grained, very thin with occasional
thin beds alternating with laminated
shale and shaly sandstone in the middle.
5% Shale.

Jointed and fractured.

Sandstone, gravish red, very fine grained,
very thin bedded alternating with lami-
nated shale. Some thin beds at the top.
20% Shale.

Flaser bedding at the bottom. Dark
greenish gray weathered surface.

FAULT

Sandstone, pale red, very fine grained,
shaly and laminated at the bottom to
medium bedded at tne top.

Dark greenish gray weathered surface.



Thickness

Unit In Meters

Cumulative
Thickness

Description

17 1.50

16 3.55

15 1.98

14 8.10

13 1.10

12 2.80

11 2.43

10 1.00

118.55

122.10

124.08

132.18

133.28

136.08

138.51

139.51

141.79

Sandstone, pale red, very fine grained,
thin bedded with intervening laminated

shaly sandstone. A Jight greenish gray
20 cm. thick horizon of coarse to very

coarse grained sandstone is at the top

underlain by silty shale.

Greenish gray weathered surface.

Shale, grayish red, laminated silty.
Friable.

Sandstone, grayish red, very fine grained,
very thin bedded alternating with lami-
nated to very thin beds.
Fractured and jointed.
gray weathered surface.

Dark greenish

Shale, grayish red, laminated occasionally
silty with very fine grained, very thin
bedded sandstone 1 ~ 5 cm. thick close

to the top.

807% Shale.

Friable, partly covered.

FAULT

Shale, alternate laminated greenish gray
and grayish red shale at the bottom be-
coming grayish red at the top with oc-
casional very thin siltstone beds.

Sandstone, pale brown, laminated with
occasional very thin and thin beds with
10 cm. thick horizon of laminated grayish
red shale in the middle. Grayish red
shaly bedding planes.

Sandstone has a greenish tinge.

Sandstone, grayish red, very fine grained,
laminated with laminated shale,

35 7% Shale.

Flaser bedding at the top.
nated sandstone.

Current lami-

Shaly siltstone, grayish and, laminated.
Current lawminated.

Sandstone, grayish corange, very fine
grained, very thin bedded at the bottom
becoming lawminated at the top. A greenish
gray laminated shale 1 horizon cm. thick
is at the bottom.



Thickness
Unit 1In Meters

Cumulative
Thickness
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Description

8 10.00
7 0.55
6 1.32
5 1.52
4 1.55
3 0.38
2 1.42
1 2.03

151.79

152.34

152.66

155.18

156.73

157.11

158.53

160.56

Sandstone, grayish red, silty to very fine
grained, very thin bedded alternating with
laminated shale. Sandstone more abundant
at the top.

307% Shale.

Flaser bedding. Current laminated.
Sandstone beds in the middle have a dark
greenish tinge.

Silty shale, grayish red, laminated.

Alternate very thin bedded siltstone and
laminated shale, grayish red.
Unit becomes more silty at the top.

Shaly siltstone, greenish gray laminated.
Brea easily into chips.

Silty sandstone, pale red to moderate red,
very fine grained, laminated to very thin
bedded.

Grayish orange surface. Fractured and
jointed. Partly covered.

Silty shale, greenish gray, laminated.
Breaks easily into chips.

Sandstone, silty, grayish red, very fine
grained, laminated to very thin bedded.
Current laminated. Looks flasered.

Shaly siltstone, greenish gray at the
bottom becoming pale yellowish orange
at the top, laminated with occasional
very thin siltstone beds.

Deeply weathered.

COVERED
Mostly grayish red shale.

WHITE OAK MOUNTAIN FAULT



Unit

Thickness
In Meters
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PINE RIDGE - YOUNG CREEK SECTION

Cumulative
Thickness

Description

38«

37

36

35

33x%

5

.00

.35

.55

.90

.00

.00

.70

5.00

14

15,

17.

.35

.90

.80

.80

€0

50

Pumpkin Valley Shale

Alternate thin to very thin bedded sandstone
and laminated shaly to silty sandstone,
greenish gray and light greenish gray,
with limonitic surfaces; occasional quart-
zitic sandstone beds. Conglomeritic
hematite pelliets in seversl horizons in
very fine to medium grained sandstomne
beds.

Ripple marks in some beds; current lami-
nations; rusophycus found clcse to the
middle of unit; skolithos in a guartzitic
sandstone bed. Planclites 2 -~ 3 mm. wide
on bedding planes of some beds.

Quartzitic sandstone, dusky yellow to
grayish orange, fine to medium grained,
thin to medium bedded.

Jointed, fractured and massive.

Shaly siltstone, light greenish gray,
laminated.
Friable and flakey.

Quartzitic sandstone, dirty greenish gray,
fine grained, thin to medium bedded;
limonitic blotches on surface.

Jointed, fractured and massive.

COVERED

Sandstone, greenish gray, verv fine to
fine grained, thin to medium bedded.
Current laminated; jointed.

COVERED

Alternate very thin bedded sandstone and
laminated shale, grayish red, very fine

to fine grained sandstone.

Ripple marked; Flaser bedding. Planolites
on some beds.



Unit

Thickness
In Meters

Cumulative
Thickness
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Description

32

31

30%

29

28

2.00

1.80

5.00

1.98

22.20

24,00

29.00

32.12

34.10

Sandstone, light greenish gray, very fine
to fine grained, very thin to laminated
at the bottom alternating with shaly to
silty sandstone, becoming thin bedded

in the middle and then very thin bedded
at the top.

Current laminations. Ripple marked,
parts of unit look flasered. Planolites
2 - 3 mm. wide in some beds. Jointed.

Alternate very thin bedded to laminated
sandstone and shale, grayish red, very

fine to fine graincd. Shale more abun-
dant upward in the unit.

30% Shale

Laminated shale and sandstone are flasered.
Ripple marks in sandstone beds, current
laminated.

Alternate sandstone and and silty to shaly
sandstone, light greenish gray, very fine
to fine grained, laminated to thin, but
mostly very thin bedded. Limonitic and
dark greenish gray to pale brown

weathered surface.

10% Shale.

Skolithog in a thin sandstone bed.

Planolites on lower bedding plane of

some beds. Rectangular jointing.

Shale, greenish gray top 25 cm. and
bottom of unit, grayish red shale
alternating with laminated shaly sand-
stone and dark greenish gray glauconitic
sandstone in the niddle.

807 Shale.

Sandstene, greenish gray to grayish, fine
grained with a coarse grained horizon

15 cm. thick; laminated to thin bedded
alternating with shaly sandstone at the
bottom. Sandstone weathers to a dark
greenish gray color with limonitic
blotches.

Ripple marked. Planclites on bedding
plane of some beds.



Unit

Thickness
In Meters

Cumulative
Thickness
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Description

27%

26/1

26/2

25

24

23

22

1.50

2

.02

2.15

0.50

0.

0.

88

38

.25

35.60

37.62

39.77

40.27

41.15

41.53

42.78

Sandstone, light greenish gray, very fine
to coarse grained, laminated to thin but

mostly very thin bedded, alternating with
silty sandstone at the bottom; pale brown
weathered surface at the top.

Sandstone beds in the miaddle are friable;
jointed,

Sandstone, pale red with limonitic surfaces
and greenish gray bedding planes, fine to
medium grained, very thin to laminated
bottom, medium bedded at the top.

Ripple marked; jointed.

Sandstore, grayish red, very fine to fine
grained, laminated with shale at the
bottom while becoming thin to medium
bedded at the top. Some beds wedge out.
5% Shale bottom of unit.

A very shallow channel 20 cm. deep and
about 2 meters wide is filled with lami-
nated shale and sandstone. Ripple marked.
Planolites on lower bedding plane of some
beds.

Sandstone, silty, greenish grav at the
bottom and grayish red at the top of unit,
fine grained and laminated.

Bedding planes are not clear.

Sandstone, grayish red, very fine to fine
grained, laminated to thin but mostly
very thin bedded, sandstone has shaly
bedding planes and alternates with shale
in the middle of unit.

10% Shale in the middle of unit.

Ripple marked; flasered in the middle.
Modular bedding plane at the top.
Planolites 3 mm. wide, sinuous on lower
bedding planes of some beds.

Silty sandstone, greenish gray bottom
half and grayish red upper nalf, fine
with coarse grained sandstone lenses
about 2 cm. thick, matrix is mostly
medium grained, beds are laminated.

Sandstone, greenish gray, becoming
grayish red and greenish gray towards
the top, fine to cecarse grained, very
thin to thin bedded; coarse grained
conglomeritic sandstone bed 25 cm.
thick at the top.



Thickness Cumulative
Unit In Meters Thickness Description

22% 1.25 42,78 Sandstone, greenish gray, becoming grayish
red and greenish gray towards the top,
fine to coarse grained, very thin to thin
bedded; coarse grained cornglomeritic sand-
stone, bad 25 cm. thick at the top.
Current laminated; ripple marks on top
bed of unit. Transported burrow casts
alternate with sandstone beds and become
dominant at the top.

21 0.75 43,53 Sandstone, grayish red at bottom to
greenish gray at the top, fine to very
coarse grained, no apparent bedding,
looks massive.

Cross bedded. Transported burrcw casts
with lenses of pebbly hemotite pellets.
Sandstone beds are current laminated.

20 1.58 45,11 Sandstone, grayish red, medium grained
very thin to thin bedded at the bottom
with greenish gray laminated shaly sand-
stone middle and quartzitic sandstone
pale yellowish brown, very fine grained
very thin to thin bedded at the top with
a limonitic surface.

Current laminations in some beds.
Planolites in grayish red sandstone and
laminated shaly sandstone.

19 1.15 46.26 Quartzitic sandstone, pale yellowish
brown to grayish, very fine to fine
grained, very thin to thin bedded, with
limonitic surfaces.

Some beds are ripple marked; jointed
and fractured.

18 1.55 49.81 Silty sandstone, grayish red very fine
to fine grained, looks massive, with
greenish gray shaly sandstone, then
grayish red silty sandstone and greenish
gray shaly sandstone, very thin to lami-
nated. Coarse grained grecnish gray
sandstone bed 12 cm. at the top.
Planolites on upper bedding plane of
sandstone at bottom. Greenish gray
shaly sandstone is bioturbated.



Unit

Thickness
In Meters

Cumulative
Thickness

ro
o
——

Description

17

16*

14

13

0.77

6.15

0.60

2.50

48.58

54.73

57.98

58.58

61.08

63.08

Quartzitic sandstone, greenish gray at
bottom and grayish red at the top, very
fine to coarse grained, laminated to thin
but mostly very thin bedded. Two horizons
of very thin coarse grained sandstone in
the middle. One bed has a modular bedding
plane.

Skolithos in a very thin bed at the bottom.
Current laminations in some beds.

Alternate very thin sandstone and laminated
silty to shaly sandstone, greenish gray,
mostly very fine to fine grained,
occasional medium grained sandstene, a
grayish red to greenish black very coarse
sandstone bed is at the top of unit.
Skolithos in some sandstone beds at the
top. Ripple marked. Planolites on some
beds. Silty sandstone beds look massive
and are bioturbated. Glauconitic lami-
nations in some sandstone beds.

Alternate very thin sandstone and lami-
nated shale, grayish red with occasional
very thin medium grained glauconitic
sandstene. Sandstone mostly fine grained.
207% Shale.

Some sandstone beds are lenses wiich
thicken and thin.

Shale, grayish red, thinly laminated.
Flakey and friable.

Alternate sandstone and shaly sandstone,
laminated to very thin bedded, pale brown
to greenish gray, fine grained. Sandstene
is slightly glauconitic.

Planolites 2 - 3 mm. wide are abundant in
some beds.

Alternate shaly glauconitic sandstone and
shale, grayish red, very {ine to f{ine
grained, laminated bottom 38 cm.; unit
becomes medium gray, thin bedded sand-
stone with occasional dolomitic beds,
with 3 cm. of oolites at the top of unit.
Qolites tep of unit. Sandstone beds are
current laminated; in some beds the
laminations are glauconitic. Jointed.



Thickness
Unit 1In Meters

Cumulative
Thickness
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Description

11 3.80

10=* 4.15

9 3.83

8 3.55

66.88

71.03

74.86

78.41

81.06

Shaly stilstone, medium blue gray,
laminated alternating with very fine
grained very thin evenly bedded sandstone;
shaly siltstone becomes dominant towards
the top and dolomitic.

Shaly siltstone 80%.

Some sandstone beds are ripple marked

and current laminated.

Limestone, medium gray, very fine grained,
thin to medium bedded at the bottom with
very thin to laminated in the middle and
medium bedded at the top; very fine
grained sandstone stringers in limestone.
Intricate intraclasts in two horizons

3 -5 cm. thick, bottom and middle of
unit; current laminations. Planolites

on bedding plane of some beds at the
bottom. Similar to PR 118/3.

Silty shale, grayish orange, laminated,
with a 30 cm. thick laminated calcareous
siltstone bed at the bottom. Alternate
grayish red shale and shaly sandstone
very thin to laminated in the middle and
greenish gray shale at the top.

757 Shale.

Phvcodes 2.5 cm. wide on a grayish red
bed in the wmiddle.

Alternate sandstone and shale, very thin
to laminated, grayish red, very fine to
fine grained with thin bedded sandstone
above the middle.

107% shale.

Ripple marked; flascr bedding, bottom

of unit. Planolites 1.5 cm. wide are
abundant on lower bedding plane of

some beds.

Quartzitic sandstone, medium bluish gray
bottom 15 cm. becoming greenish gray and
light brownish gray at the top, fine
grained, very thin bedded at the bottom
becoming thin bedded at the top.

Ripple marks; glauconitic laminations

in some beds.
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Thickness Cumulative

Unit In Meters Thickness Description
6 1.20 82.26 Quartzitic sandstone, light gray, very
fine to fine grained, very thin to medium
bedded.
Ripple marks; current laminations in
some beds. Skolithos 2 - 3 mm. wide,

e e ee— ot

1.5 cm. long.

5 2.68 84.94 Calcareous siltstone and shale, dark
greenish gray, very thin to laminated
with fine grained thin bedded grayish
dolomitic sandstone in the middle, the
calcareous siltstone becomes grayish
orange in color at the top.

Calcareous siltstone 40%.
Ripple marks. Planolites 1.5 cm. wide
in the shales.

/P 0.85 85.79 Quartzitic sandstone, light gray to
greenish gray, fine grained, very thin
bedded with occasional thin beds.

Top bed is ripple marked. Planolites
on upper bedding palnes of some beds.

3 1.50 87.29 Sandstone, grayish red, fine grained,
laminated to thin bedded at the bottom
with silty bedding planes. Unit is
medium bedded with conglomeritic very
coarse sandstone at the top 45 cn.
with greenish gray color top 12 cm.
Jointed.

2% 4.08 91.37 Sandstone, grayish red, very fine to
fine grained, thin bedded at the bottom
and close to the top with shaly bedding
planes; laminated duskv vellow silty
sandstone 25 cm. thick in the middle.
Ripple marked. Cruziana; Planolites
1.5 cm. wide on lower bedding plane of
some beds.

1 1.50 92.87 Sandstone, grayizh red, very fine to
fine grained, laminated to very thin
bedded, with shaly to silty bedding
planes.

Current laminations in some beds.
Planolites and worm tracks on some beds.

COVERED?

WHITE OAK MOUNTAIN FAULT
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BULLRUN RIDGE - DIGGS GAP SECTION

Cumulative
Thickness

Thickness
Unit In Meters

Description

40/1% 0.20 0.20

40/2 1.05 1.25

40/3% 1.90 3.15

40/4 0.20 3.35

40/5 1.00 4.35

40/6 1.65 6.00

40/7 1.50 7.50

40/ 8* 2.75 10.25

PUMPKIN VALLEY SHALE

Quartzitic sandstone, whitish to greenish,
coarse grained, thin to medium bedded.
Fractured.

Alternate very thin bedded sandstone and
laminated silty shale, dusky vellow,
very fine to fine grained.

207% Shale.

Flaser bedding.

Sandstone, pale yellowisih brown very fine
to fine grained, very thin to thin bedded;
flasered sandstone and shale in the

middle of subunit; greenish gray chaly
bedding planes.

5% Shale.

Some beds are current laminated.
bedding.

Flaser

Alternate laminated shale and sandstone,
very fine to fine grained, pale olive.
Flasered.

Silty sandstone, pale brown to grayish
red, very fine to fine grained, very thin
to thin bedded.

Sandstone, pale yellowish brown, very

fine to fine grained, very thin to thin
bedded.

Sandstene, dark greenish gray with a pale
yellowish breown surface, very fine to
i rrained, thin nredium ded.
fine grained, thin to medi bedded
andstone looks massive, fractured ai
Sandst ] , fr red and
jointed.

Sandstone, silty, greenish gray, very
fine grained, medium to thick bedded.
Unit badly weathered with limonitic
colored surfaces; fractured.

FAULT



Thickness Cumulative
Unit Tn Meters Thickness Description

39/1 8.00 18.25 Shale, light olive gray to pale brown,
thinly laminated with occasional very
thin bedded, very fine to fine grained
sandstcne.

65% Shale.
Ripple marked.

39/2 2.25 10.50 Alternate laminated chale and very fine
grained sandstone dusky yellow te pale
yellowish brown.

50% Shale.
Flasered

39/3 1.75 22.25 Shale, dusky wvellow to dark greenish
gray, laminated with occasional very
thin bedded fine grained sandstone with
a 25 cm. thick wedge of quartzitic sand-
stone at the top with glauconitic sand-
stone below the wedge.

50 - 60% Shale.

38/1% 1.50 23.75 Sandstone, pale brown, very fine to fine
grained, laminated to thin bedded.
Fractured.

38/2 0.25 24,00 Alternate laminated shale and sandstone
very fine to fine grained.
10 - 20% Shale.
Flasered.

38/3 2.25 26.25 Quartzitic sandstone, grayish red, very
fine to fine grained, thin to medium
bedded.

Fractured and jointed.

38/4 1.75 28.00 Quartzitic sandstone, greenish grav to
pale vellcowish brown, very fine to fine
grained, thin bedded with occasional
very thin dark greenish gray beds.

37 1.05 29.05 Quartzitic sandstene, dark vellowish
orange, very fine tc fine grained, very
thin to thin bedded.

Fractured.

36 2.18 31.23 Quartzitic sandstone, whitish to pale
yellowish brown with grayish blotches,
very fine to fine grained, thin to
medium bedded.

Pale yellowish brown internal laminations.
Fractured and shattered.



Uniit

Thickness
In Meters

Cumulative
Thickness
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Description

35/1

35/2

35/3

35/4

34

33

32=

31/1

31/2

2.40

2.15

1.10

0.80

2.45

1.80

2.45

1.35

0.30

33.63

35.78

36.88

37.68

40.13

41.93

44,38

45.73

46.03

Silty sandstone, light greenish gray, very
fine grained, laminated.
Drag folds due to faulting.

Alternate, very thin bedded sandstone
and thinly laminated shale, gravish red
to dark brown, sandstone is very fine to
fine grained with occasional coarse
grained glauconitic sandstone.

Shale, grayish red to pale brown thinly
laminated, with occasional very thin
bedded siltstone and occasional greenish
gray shale bands,

85% Shale.

Shale, greenich gray, thinly laminated.
Flakey and friable.

Sandstone, pale brown, very fine to fine
grained, thin to very thin evenly bedded
with laminated greenish gray silty shale.

Quartzitic sandstone, greenish gray with

a rusty surface, very fine to fine grained,
very thin to medium bedded; some beds are
glauconitic and medium gray in color.
Fractured and shattered.

FAULT

Quartzitic sandstone, pale yellowish brown
to pale browa, very fine to fine grained,
medium bedded at the bottom becoming
evenly thin bedded at the top.

Dark greenish gray laminaticns in beds

at the top.

Alternate grayish red, laminated shale
and pale brown very fine grained, very
thin to thin baedded sandstone, with
greenish gray shaly bedding planes. 25
cm. of greenish gray shale at the bottom.
65% Shale

Shale and shaly sandstone, greenish gray,
very fine grained, thinly laminated to
laminated.

607 Shale.

Ripple marks.
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31/3

30%

29

28

27

26

25/1

0.33

1.80

0.50

0.45

1.30

1.43

0.75

46.36

48.16

48,

49.

50.

51

66

11

.84

.59

Shale and shaly sandstone, greenish gray,
very fine grained, thinly laminated to
laminated.

607 Shale.

Ripple marks.

Quartzitic sandstone, whitish to light
bluish gray, very fine to medium grained,
thin bedded with some very thin and
medium beds; shaly bedding planes; pale
yellowish orange top and bottom of
individual beds.

Large ripple marks - light greenish gray
bands in some beds.

Alternate pale yellowish brown very fine
to fine grained sandstone very thin
bedded and laminated light greenish gray
shale.

207% Shale.

Ripple marked; flasered.

Quartzitic sandstone, pale brown to
pale yellowish brown, very fine to fine
grained with occasicnal coarse grained
beds; thin to medium unevenly bedded.
Some beds wedge out; fractured and
shattered.

Shaly sandstone, grayish red, very fine
to fine grained, very thin bedded
interbedded with dark greenish gray
sandy shales.

207% Shale.

Micro cross-bedding in troughs of ripple
marks.

Quartzitic sandstone, grayish orange,
very fine to fine grained, lsminated to
very thin bedded with 25 cm. thick bed
of light greenish grav silty shales

at the bottom of unit.

Ripple marked. Burrow casts in silty
shale.

Sandstone, grayish red, very fine to fine
grained, very thin to thin bedded inter-
bedded with laminated dark grecnist gray
shaly sandstone.

Flaser bedding.
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25/2

25/3

2L %

23/1

23/2

23/2

22%

21

1.75

0.55

2.10

1.75

2.50

0.25

0.48

1.60

54.34

54.89

56.99

58.74

61.24

61.49

61.97

63.57

Sandstone, grayish red, very fine to fine
grained, very thin to medium bedded with
some laminated derk greenish gray shaly
sandstone in the middie.

Fractured and jointed.

Sandstone, grayish red, very fine to
fine grained, very thin to thin bedded.
Ripple marked; fractured and jointed.

Quartzitic sandstone, greenish gray, very
fine to fine grained, very thin to medium
bedded, interbedded with laminated light
greenish gray shaly sandstone, fine to
medium grained.

Shaly to silty sandstone, light greenish
gray to dusky yellow very fine grained,
laminated looks modular and badly
weathered with limonitic surface.
Bioturbated.

Shale and shaly sandstone, pale brown,
very fine to fine grained, laminated to
very thin bedded with dark greenish gray
glauconitic sandstene lenses.

50% Shale.

Current laminated; flaser bedding at the
bottom; micro cross-bedding in glauconitic
sandstone. Planolites in some beds.

Glauconitic sandy shale, greenish gray,
very fine to fine grained, laminzated.

Quartzitic sandstone, dark greenish gray
to dark gray verv iine to fine grained,
laminated to verv thin bedded with fine
to medium grained shalv sandstone.

Fine laminations cf pure sandstone and
greenish black glauconite.

Quartzitic sandstone, grayish red to dark
greenish gray, very fine to fine grained,
laminated to very thin bedded, with a

thin sandstone bed at the top.

10% Shale.

Flasered sandstone and shale at the bottom.
Ripple marked.
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Thickness Cunulative
Cnit In Meters Thickness Description

20 0.78 64.35 Sandstone, greenish gray, glauconitic,
with a limonitic surface, very fine to
fine grained, very thin to thin bedded,
with occasional shaly sandstone.
Sandstone is modular.

FAULT

19 1.80 66.15 Sandstone shaly and silty, greenish gray
to dark greenish gray with limonitic
blotches, very fine to fine grained, thin
bedded with occasional very thin and
medium beds.

Unit is full of burrow casts. Modular
and badly weathered,

18 0.85 67.00 Shale, silty, grayish red, thinly lami-
nated, flakey and friable, with wvery
thin, very fine grained sandstone beds
at the top.

50% Shale.

17x% 4.50 71.50 Sandstone, grayish red, very fine grained,
medium bedded witihh occasional very thin
and thin beds, with greenish gray bedding
planes. A very thin bed of dark greenish
gray sandstone in the middle of unit.
Some beds wedge out.

FAULT

16x% 3.00 74.50 Shale, grayish red thinly laminated,
friable interbedded with, very thin
bedded, dark greenish gray quartzitic
sandstone. Greenish gray sandy shale
35 em. thick at the bottomn.
807 Shale.
Drag folds.

15 1.60 76.10 Quartzitic sandstone, grayish red to
dark greenish gray, very fine grained,
very thin bedded with occasional lami-
nated and thin beds; interbedded with
hematitic laminated silty shale at the
bottom.

Flasered at the bottom.
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14%

13

12

11

10%

3.75

0.70

4.50

1.50

1.38

0.30

0.15

79.85

80.55

85.05

86.55

87.93

89.76

90.06

90.21

Quartzitic sandstone, greenish gray to
medium gray with limonitic surfaces, very
fine to fine grained, medium to wvery thin
bedded with thin beds of siltstone and
dark greenish gray fine to coarse grained
glauconitic sandstone.

5% Shale.

Dark greenish gray weathered surface.

Shale, grayish red to grayish brown,
thinly laminated, flakey and friable,
interbedded with very thin bedded, very
fine grained quartzitic sandstone.

60% Shale.

Sandstone grayish red to pale brown, very
fine to fine grained, medium bedced with
occasional thin beds, interbeddec with
datvk greenish, wvery thin bedded shale.
Glauconitic laminations in beds at the
top.

Sandstone, grayish red, very fine grained,
thin bedded, interbedded with laminated
shale and sandstone.,

30% Shale.

Flute marks; ripple marks; tidal balls;
flasered bedding in laminated shale and
sandstone. Abundant Rusophyous and
Cruziaua.

Sandstone, dusky vellow to pale olive,
very fine to fine grained, thin to medium
bedded with laminated greenish gray shale
at the top.

Alternate, very thin quartzitic sandstone,
very fine grained and laminated shale;
greenish gray to medium light gray be-
coming pale brown at the top.

50% Shale.

Sandstone and silty shale, grayish red,
thinly laminated to laminated, very fine
grained.

Quoartzitic sandsronce, grecnish gray, very
fine grained, laminated to very thin
bedded.

Fractured and jointed.



Unit

Thickness
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Cumulative
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3/1%

3/2

3/3%

1/1%

1/2%

1.00

3.00

0.78

0.30

0.40

0.43

1.60

6.25

2.75

91.21

94.21

94.99

95.29

95.69

96.12

97.72

103.97

106.72

Quartzitic sendstone, grayish orange, very
fine to fine grained, medium to very thin
bedded.

Fractured and jointed.

Sandstone, shaly, grayish red, very fine
to fine grained, very thin to medium
bedded.

FAULT

Glauconitic sandstone and silty shale;
pale brown to grayish red, very fine to
fine grained, laminated to very thin
bedded.

407 Shale.

Quartzitic sandstone, whitish to greenish
gray, fine grained, very thin to thin
bedded with laminated pale brown shale.
107% Shale.

Quartzitic sandstone, glauconitic, very
fine grained very thin bedded dark
greenish gray interbedded with laminated
pale brown silty shale.

257 Shale.

Quartzitic sandstone, whitish to greenish
gray, fine to medium grained, thin bedded.

Shale, grayish red to pale brown, thinly
laminated with grecenish gray shale at the
bottom; occasional very thin glauconitic
sandstone very fine to fine grained.

65% Shale.

Sandy dolomite, medium grav, very fine

3 & A
grained medium to thin bedded with
occasional Jaminated shale.
Fracturcd and jointed; bedding ig
distorted. Grayish orange weathered

&

surface.

Sandstone, dolomitic, medium gray, very
fine grained, wery thin to thin bedded
with laminuted shale at the bottom;
sandstone increasing towards the top.
Some sandstone beds are pale brown to
grayish red.

40 - 50% Shale.

Folded and faulted.
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In Meters

Cumulative
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1/2

2.75

106.72

Sandstone dolomitic, medium gray, very
fine grained, very thin to thin bedded
with laminated shale at the bottom;
sandstone increasing towards the top.
Some sandstone beds are pale browm to
grayish red.

40 - 50% Shale.

COPPER CREEK FAULT
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BULLRUN RIDGE - NELSON BRANCH SECTION

Thickness Cumulative
Unit In Meters Thickness Description

Alternate sandstone and shale very thin
to laminated, dark greenish gray with

limonitic surfaces.
Base of Pumpkin Valley.

26 2.40 2.40 Shaly to silty lamirated pale yellowish
brown sandstone alternating with thin
to very thin, very fine to fine grained
sandstone.

Not very well exposed.

25 0.50 2.90 Sandstone, moderate orange pink, fine
grained, medium bedded.
Jointed.

24 2.80 5.70 Alternate grayish orange thin to very

thin bedded, fine sandstone and light
greenish grav shaly to silty laminated
sandstone.

Some sandstone beds are modular.

23 3.50 9.20 Sandstene, gravish crange, fine to very
fine grained, thick to thin bedded.
Some beds are porous and vesicular,
Tlanolites on bedding planes of some
beds. Faulted and jointed.

™D
N
%

1.15 10.35 Dolomite, medium grav, thick bedded,
with a rough surface due to the presence
of intraclasts.

Weathers to blackish brown.

21 2.10 12.45 Quartzitic sandstone, light gray, very
fine to fine grained, medium to thin
bedded; internal laminations are faint.
Jointed; Planolites on lower bedding
plane of scue beds, 1 cm. wide and
tapering in one direction.

20 1.50 13.95 Sandstone, greenish grav, very fine tc
fine grained, very thin to medium
bedded, fine internal laminations; unit
beccrics very thin bedded with alternate
sandstone and shale ot the top.
Weathers to a dark brownish color; not
very well exposed.
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Thickness Cumulative
Unit In Meters Thickness Description

19% 1.25 15.20 Shale, greenish gray, thinly laminated at
bottom, with grayish red shaly very fine
grained, laminated and very thin bedded
sandstone 35 cm.; unit becomes more sandy
at top with bluish gray shaly bedding
planes on sandstone heds.

40% Shale.
Cruzian?, Rusophvcus and Planolites in
some beds at the top.

18 0.50 15,70 Dolomite, sandy, medium grey, very fine
to fine grained, unit is thin bedded at
the top; alternate very thin and laminated
sandstone and shale bottom 15 cm.
Pale yellowish brown weathered surface.

17% 0.63 16.33 Quartzitic sandstone, light grayish, very
fine to fine grained, thin to medium
bedded; unit looks massive.
Rusophycus and Planolites on lower
bedding plane ci some beds.

16* 1.20 17.53 Dolomite, scandy, medium gray laminated to
thin bedded, with intervening, shale,
sandstone and flasered shale and sandstone;
a 10 cm. band of bicturbated sandstone
with black shale is congricuous. (Similar
band in Pump Hcuse Road Section.)
lf)% Shale.

Dolomite bed above bioturbated sandstone
is ripple marked.

15 0.50 18.03 Quartzitic sandstone, white to light gray,
very fine to fine grained, thin bedded
fine internal laminatiomns.

Jointed and looks sugary.

14% 2.55 20.58 Alternate quartzitic sandstone and shale,
grayish red to purplish, laminated to
thin bedded, sandstone very fine to fine
grained, some beds are flasered.

25% Shale.

Mud cracks at the bottom of unit, ripple
marked, straight Planolites 3 ma. wide
and 2 - 5 cm. long lower sedding plane
of some beds.
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13%

12

11

10«

4.00

3.80

1.15

2.25

3.15

24.58

28.38

29.53

31.78

34.93

Quartzitic sandstone, pale yellowish
brown to light brownish to purplish,
very fine to fine grained, very thin to
thick bedded but mostly thin.

Jointed, looks massive, Scoyenia ~ 2 o
long at the top and middle of unit
filled with silt and mud could be seen
in outcrop due to darker color; Skolithos
at bottom are trumpet shaped and empty.
125 ¢m. from bottom Cruziana and
Rusphycus are found in thin quartzitic
sandstone; planolites % cm. wide and

5 cm. long on lower bedding planes of
some beds.

Shale, grayish red at bottom and greenish
gray at the top is thinly laminated, with
occasional very thin sandstone beds, dark
greenish gray glauconite is abundant at
the bottom of the unit in medium grained
laminated sandstone beds.
607 Shale.

Planlites 2 - 3 mm. wide and 5 cm. long
on lower bedding of some sandstone beds.

Quartzitic sandstone, light grayish, very
fine to fine grained, thick bedded.
Looks massive.

Quartzitic sandstone, light brownish to
dirty greenish gray with some grayish red
beds, very fine to fine grained, very
thin to thin bedded mostly the latter;
occasional thin laminated grayish red
shales.

5% Shale.

Two to three horizens of very thin and
Rusophycus in cne horizon they are
associated with mud cracks and in another
with ripple marks; Planclites

e

on lowor

bedding plancs ol sonme beds; unit is
faulted and jointed.

COVERED
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Thickness Cumulative
Unit In Meters Thickness Description

9 0.60 35.53 Sandstone, grayish red, very fine to fine
grained, shaly at the bottom, becoming
silty and very thin bedded at the top.
Ripple marked; planolites 1l mm. wide
1 - 2 cm. long on lower and upper bedding
planes; top of unit partly eroded.

8 0.58 36.11 Quartzitic sandstone, grayish pink to
light greenish gray, very fine to coarse
grained, medium bedded at the bottom and
very thin bedded and coarse grained at
the top.

Unit looks modular and massive.

7% 2.10 38.21 Shale, greenish gray, thinly laminated,
interbedded with very thin evenly bedded
very fine grained sandstone which has a
limonitic hematitic surface; sandstone
is light greenish gray with glauconite
in some medium grained bands.
Large phycodes up to 3 cm. long, look
like Harlania or Arthzophycus. Some
planolites are 1.7 cm. wide and more
than 15 cm. long.

6 1.65 39.86 Quartzitic sandstone, light brownish to
light greenish gray, very fine grained,
very thin to medium bedded; flasered
very thin, and laminated sandstone and
shale 20 cm., greenish gray bedding
planes in sandstone beds.

Ripple marked, Rusophvcus in a very thin
sandstone bed close to the top.

5% 0.95 40.81 Sandstone, grayish red, fine grained,
thin to medium bedded, unit looks massive
at the bottom.

Planolites abundant on greenish gray

bedding plane.

i~
1o
~J
[

4 1.95 Shaly sandstone laminated interbedded
with very thin bedded sandstone, gravish
red, very fine to fine grained with
occasional medium to coarse grained
glauconitic sandstone bands.

Shaly sandstone is bioturbated; fine
Piancolites on upper bedding plane of
some beds.



Thickness Cumulative

Unit TIn Meters Thickness Description
3 1.88 44,64 Shaly sandstone, greenish gray, laminated,

with cccasional very thin bedded light
brownish fine sandstone beds, shaly
sandstene looks massive.

Shaly sandstone is bioturbated, some
sandstone beds have hematitic surfaces,
fractured and jointed.

2 1.15 45.79 Sandstone, greenish gray to light brownish,
very fine to fine grained, very thin
bedded, interbedded with shaly sandstone;
glauconitic laminations in sandstone heds.
Planolites 1 cm, wide on lower bedding

plane of some beds. Ripple marked.

1 3.75 49,57 Sandstone, light brownish, very fine to
fine grained, very thin bedded alternating
with laminated greenish gray shaly sand-
stone, glauconite is found in fine to
nediuvm grained sandstone bands, sandstene
beds have a grayish orange surface; some
beds look flasered.

Planolites mostly 2 mm. wide and different
lengthbs are found on upper and lower
bedding planes. Ripple marks in sandstone
beds.

COPPER CREEK FAULT
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BULLRUN RIDGE - PUMPHOUSE ROAD SECTION

Thickness Cumulative
Unit In Meters Thickness Descrintion

FUMPKIN VALLEY SHALE

26% 6.00 6.00 Sandstone, pale yellowish brownm, very
fine to fine grained, laminated with
greenish gray shale at the bottom,
sandstone is thin to medium evenly bedded
at the top.

107 Shale.

Flaser bedding bottom of unit; ripple
marks in sandstone beds at bottom.
Planolites ’s cm. wide sinuous; mud
cracks.

25 3.88 9.88 Sandstone, pale yellowish brown to gravish
with dark purple mottled surfaces, very
fine grained, thin to thick bedded, but
mestly medium bedded; parts of unit look
massive but are thin bedded.

Current laminated.

24 2.95 12.83 Quartzitic sandstone, olive gray with
erayish surface, fine grained, very thin
to medium bedded; mostly very thin to
thin evenly bedded.

Current laminated.

23/ 1% 0.35 13.18 Dolomite, sandy, medium grav, with a dark
yellowish brown weathered surface, very
fine grained, medium bedded.

Jointed; similar to unit 22 Bullrun
Ridge Nelson Branch section,

23/2 0.65 13.83 Sandstcne, pale vellowish brown, grayish
weathered surface, fine grained, very
thin to thin evenly bedded.
Current laminated; jointed.

23/3 0.13 13.96 Alternate siltstone and shale, pale
yvellowish brown to greenish gray, laminated.
Flasered.

23/4 0.48 14 .44 Calcareous siltstone, pale yellowish

brown, medium bedded.
Current laminated at the top ; fractured
and jointed, looks massive.



Thickness Cumulative
Unit In Meters Thickness Description

23/5 0.50 14.94 Sandstone, glauconitic, greenish gray to
whitish, fine grained, thin evenly bedded.
Fractured.

22 % 0.90 15.84 Alternate shale and shaly siltstonec,
greenish gray, laminated, with a medium
gray 20 cm. thick dolomite bed in the
middle.

Flasered. Ripple marks on dolomite bed.

21 0.60 16.4¢4 Quartzitic sandstecne, pale yellowish
brown with & pale brown weathered surface,
very fine to fine grained, very thin to
thin bedded.
Ripple marked; micro cross-bedding in
some beds.

20 0.83 17.27 Siltstone, calcareous, grayish orange,
dezply weathered in some places to dusky
yellowish brown laminated to very thin
bedded. Three laminated horizons of very
fine sandstone and black shale at the
bottom of unit; laminated greenish gray
shale at the bottom of unit.

5% Shale

Laminated horizons are burrowed, similar
to unit 16 in Bullrun Ridge Nelson
Branch section. Unit is faulted.

19 4.08 21.35 Sandstone, pale yellowish brown verwy
fine to fine grained, laminated to thin
bedded, occasionally suartzitic with
greenish shale at the bottom and grayish
red shale at rhe top; sandstone is
evenly bedded.

Ripple marks in some beds; flaser bedding
clear in grayish red beds. Tight anti-
cline and synciine which disappear
laterally.

107 Shale.

18 % 3.05

o
L~
I~
(@]

Sandstone, pale eyllowish brown, fine
grained, very tiiin to thin bedded, alter-
nating with laminated greenish gray shale
at the bettom of unit; unit becomes mostly
medium bedded with grayish red sandstone
at the top.

5% Shale.

Rusophycus in one bed; graylsh red beds
are current laminated; jointed.



Thickness Cumulative
Unjit In Meters Thickness Description

17=% 1.73 26.13 Sandstone, pale yellowish brown very fine
to fine grained, laminated to medium
bedded, but mostly very thin to thin
bedded; very thin sandstone aiternates
with greenish g¢ray shale at bottom;
there is a medium sandstone bed at the
top; shaly bedding planes.
Rusophycus and Cruziana; some beds are
ripple marked.

16% 4.18 30.31 Shale, grayish brewn, laminated with 50
cm., of laminated greenish gray shale at
the top aud 88 cm. at the bottom;
occasional fine grained, very tiin
bedded greenish black glauconitic sand-
stone. Shale at top is interbedded with
very thin sandstone, one horizon is
conglomeritic.

Conglomeritic hematite pellets in sand-
stone horizon at the top.

1 5% 1.65 31.96 Sandstone, grayish red, very fine to fine
grained, very thin bedded with occasional
thin beds; shaly bedding planes.
Cruziana and Ruscphvcus; ripple marked;
unit distorted by folding.

FAULT

14* 3.05 35.01 Alternate, very thin, fine grained sand-
stone and laminated shale, greenish gray
with limonitic surfaces; occasional thin
bedded sandstone and coarse grained
quartz in some beds.

5% Shale.
Planolites 1 cm. wide, curvy on lower
bedding plane; jointed.

13x% 2.40 37.41 Quartzitic sandstone, grayish red at the

bottom to light gray and pale vellowish
brown top, verv {inc to fine grained,
medium beddad,

Planclites, 1 cm. wide, criss-crossing
and curvy, abundant on lower bedding
plane on the bottem beds; greenish gray
laminations in most beds; jointed and
fractured.
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Curulative
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12

11

10

9/1

9/2

9/3

1.18

1.16

0.50

0.25

0.50

38.59

39.87

41.03

41.53

41.78

42.28

43.33

Sandstone, grayish red, very fine to fine
grained, laminated to medium bedded, but
mostly very thin and medium bedded; shaly
bedding planes; laminated sandstone and
shale at the top.

572 Snale.

Current laminated, flaser bedding in
laminated sandstone and shale; jointed
and fractured.

Sandstone, grayish red, very fine to fine
grained, laminated to thin bedded, but
mostly thin bedded; laminated alternate
shale and sandstone.

5% Shale

Flaser bedding in laminated shale and
sandstene; jointed and fractured.

Sandstone, grayish red with greenish gray
bedding planes, very fine to fine grained,
lamianted shaly sandstone and shale top

25 cm., and thin bedded at the bottom.
Planolites, % cm. to 1 cm. wide. Flaser
bedding at the teop of unit. Bottom of
unit is brecciated.

Alternate very thin bedded sandstone and
laminated shale, grayish red, sandstonc
very fine grained.

207% Shale.

Quartzitic sandstone, greenish gray, very
fine to fine grained, very thin bedded.

Alternate very thin sandstone and lami-
nated shale, with greenish gray and gravish
red colors; sandstone is very {ine grained.
35% Shale.

Flaser bedding.

Quartzitic sandstone, pale brown with
greenish prav surfaces, very fine to
medium grained, laminated to medium
bedded; grecnish gray medium bedded
medium grained quartzitic sandstcne at
the top; 25 cu. of léminated silty shale
in the middle,

Flaser bedding in laminated silty shale;
jointed; greenish c¢olor is due to the
presence of glauconite in medium grained
sandstone.
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Description

7 1.73
6 0.75
5% 0.88
4 0.95
3% 4.32
2% 1.43

45.06

45,81

46.69

47 .64

51.96

53.39

Sandstone, grayish red with shaly bedding
planes, very fine to fine grained, very
thin to medium bedded; mottled greenish
gray and grayish red sandstone beds with
dirty grayich brown weathered surface.
Ripple marked; planolites and werw trails
in some beds. Unit distorted by folding.

Sandstone, grayish orange, very fine to
fine grained, very thin to medium bedded,
pale yellowish brown weathered surface.
Dip of beds is vertical; beds are brecci-
ated,

FAULT

Sandstone, grayish red, fine grained with
occasional coarse grained, glauconitic
sandstone lenses, laminated to thin bedded.
A thin bed of leminated greenish gray and
grayish red shale at the top.

Coarse grained glauconitic sandstone

lenses are probably very shallow tidal

flat gullies.

Quartzitic s
brown, very
thin bedded.
Glauconite is not abundant but could be
seen in hand specimens.

ndstone, pale yellowish
ine grained, wvery thin to

a
-
I

Alternate very thin sandstone and lami-
nated sandy shale, dark yellowish orange

to pale brown, fine grained with occasional
very thin bedded coarse grained glauconitic
sandstone lenses.

10% Shale.

Tidal balls coated with grayish red shale,
similar to Bullrun Ridge Diggs Gap Section
Unit II.

andy dolemite, dark gray very fine
grained, medium bedded at bottom with
dark yellcwish brown very {ine grained
medium bedded sands tone on top.
Dolomite weathers to dirty grayish browa.
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Thickness Cunulative
Unit 1In Meters Thickness Description

1 0.50 53.89 Sandstone, dark yellowish brewn, very
fine grained, very thin to laminated
evenly bedded, with thin silty sandstone
bed at the top.

COVLRED?

COPPER CREEK FAULT
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Thickness Cumuiative
Unit In Meters Thickness Description

COVERED

28% 4.25 4.25 Alternate laminated shale and shaly sand-
stone, grayish red, very fine to fine
grained at the bottoem of the unit. Very
thin to medium bedded sandstone at the
top, mostly thin bedded and very fine
grained.

5% Shale.

rlasered at the bottom. Current lamina-
tions and ripple marks in some sandstcore
beds., Large Rusophycus. Phycodes 2 cm.
wide and straiy h* on lower Bedalng plane
in a bed close to the top.

27% 2.50 6.75 Quartzitic sandstcne, pale yellcwish
brown to grayish orange, very fine to
fine grained, very thin tc laminated at
the bottom, becoming thin bedded at the
top with shaly bedding planes.
Planolites con lower bedding of scme beds,
not abundant.

26% 2.48 9.23 Sandstone, pale eyllowish brown and
grayish red, very fine to f{ine grained
medium bedded at the bottom with a coarse
grained sandstone lens 1 ~ 2 cm. thick.
Occasional very thin grayish shale hori-
zons, grayish red silty sandstone, fine
grained, thin to laminated looks massive
with occasional coarse grained sandstone
horizons.

Bottom bed is full of sinuous
Plapclites 1.5 cm. wide. Planclit
on lower bedding plane of éraylsn red
silty sandstone.

25% 2.56 11.81 Quartzitic sandstone, bluish gray, fine
grained, thin bedded at the bLotrom with
laminated and very thin bedded alternate
sandstone and shaly sandstone, fine
grained at the top; wvacasional gravish
red, coarse orainced, wery thin sapdstone
horizons with glauconitic laminations.
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Rusophycus and Cruziana. Planolites 1 cm.
wide on lower bedding of some beds.

Flaser bedding in laminated sandstone and
shaly sandstone. Ripple marked. Unit is
grayish orange.

24 1.75 13.56 Silty sandstcne, greenish gray, very fine
grained, laminated with limonitic surfaces.
Unit looks massive.

23 2.00 15.56 Alternate quartzitic sandstone and shaly
sandstcne, grayish red, very fine to fine
grained, thin bedded at the bottom be-
coming very thin and laminated at the top.
A greenish gray, coarse grained sandstone
bed, 10 cm. thick is at the bottom.

Flaser bedding at the top. Ripple marks
and current laminations in many beds.
Planolites on lower bedding plane of
some beds.

22 5.90 21.46 Alternate very thin btedded sandstone and
laminated shale, grayish red, fine
grained lower 2.50 m. 30 - 40% Shale,
unit becomes shaly sandstone upward
with increase in very thin evenly bedded
sandstone with coccasienal coarse grained
sandstone lenses.

Flaser bedding at the bottom; glauconitic
laminations in very thin sandstone beds.
Planolites on lower bedding planes of
some beds.

21% 2.88 24,34 Alternate very thin bedded sandstone and
laminated shale, gravish red at the bot-
tom, fine grained; sandstone beconmes
medium bedded close to the top with a
10 cm. thick dark greenish gray, coarse
grained glauconitic sandstone bed at
the top.

Flaser bedding at the bottom.  Some beds
are current laminated. Planolites on

lower bedding plane of some beds.

20 9.00 33.34 Dolomite sandy to silty, light grayish
to grayish olive, very fine grained,
mostly thin to wedlium bedded; occasional

thin to very thin bedded sandstone and
shaly sandstone beds; sandstone stringers
and grayish red laminations in some
dolomite beds.
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Thickness Cumulative
Unit 1In Meters Thickness Description

Current laminated. Jointed and fractured.

19% 1.23 34.57 Shale, silty, gravish red, laminated at
bottom and bluish gray in color at the
top with a very thin silty dolomite bed
in between.

18 1.40 35.97 Dolomite, light gray, very fine grained,
medium bedded at the bottom and laminated
at. the top, with sandstone stringers in
dolomite beds.

Jointed and fractured.

17 0.50 36.47 Silty shale, biuish gray, laminated.
16 5.00 41 .47 Alternate verv thin te thin bedded sand-

stone and laminated shale, grayish red,
very fine to fine grained. Shale in-
creases towards the top where it becomes
silty and unit is laminated at the top.
10 - 15% Shale.

15 4,15 45.62 Quartzitic sandstone, pale yellowish
brown, very fine to fine grained, medium
bedded at the bottom becoming thin and
then very thin bedded at the top.

Ripple marked and current laminated.
Planolites.

14 2.95 48.57 Sandy dolomite, medium gray, very fine
grained, very thin to laminated becoming
shaly at the top.

Rusophycus and Cruziana. Current laminated.

13 1.50 50.07 Sandstone, grayish red, very fine grained,
medium bedded, with an 8 cm. thick coarse
grained sandstone bed in the wniddle; the
unit becomes greenish gray in coler at
the top where the sandstone is gquartzitic.
Bottom beds arc full of 2lanolites on
lower bedding planc.

12 2.50 52.57 Sandstone, greenish gray, fine grained,
thin bedded at the bottom with dolomite
sandstone and sandy dolemite in the
middle with bluish gray dolomite, shaly
siltstone very thin to laminated with
mwedium bedded sandstone at the top.
Jointed and fractured.
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Description

11=%

10

O

8%

1.00

1.50

12.50

4.87

1.13

53.57

55.07

67.57

72.44

73.57

76.15

79.75

Alternate very thin sandstone and
laminated shaly sandstone, grayish red,
fine grained.

Flaser bedding; ripple marked. Planolites
2 - 3 mm. wide.

Quartzitic sandstone, pale red, fine
grained, thin to medium bedded.
Jointed, looks massive.

Alternate very thin tc thin bedded sand-
stone and laminated shale, grayish red
with occasional greenish gray sandstone
beds, very fine to fine grained.

5% Shale.

Current laminated. Flaser bedding in
parts of the unit. Planolites ou lower
bedding of some beds.

Alternate vervy thin bedded saundstone and
laminated shaly to silty sandstone,
grayish red and greenish gray laminae,
very fine to fine grained, with greenish
gray and gravish limonitic surfaces.
Planolites are abundant on lower bedding
of some beds. Some sandstone beds look
modular. Bergaueria 3 cm. in diameter
and 1.5 cm. weep.

Quartzitic sandstone, pale brown, very
fine to fine grained, laminated at the
bottom becoming very thin to thin bedded
at the top with a limonitic weathered
surface.

Planolites 1 cm. wide on lower bedding
plane of one bed.

Alternate quartzitic sandstone and silty
sandstone, greenish gray with limonitic
surfaces, very fine to fine graincd lami-
nated to very thin bedded.

Some beds look modular.

Quartzitic sandstone, grayish orange with
limonitic surfaces, very fine grained,
very thin to thin bedded at the bottom
with laminated greenish grav silty sand-
stone. A medium bodded sandstone Is al
the top of unit.

Planolites; jeinted looks massive.

Silty sandstene is wmodular.
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4 6.28

2 0.98

86.03

87.63

88.61

89.61

Alternate greenish gray silty sandstone
and pale yellowish brown quartzitic sand-
stone with limonitic blotches, very fine
to fine grained; very thick bedded with
occasjonal thin to laminated beds; silty
sandstone is more abundant upwards.
Jointed, silty sandstone looks massive
although some beds are laminated.

Sandstone, grayish red, very fine to

fine grained, mostly thin tc medium he
bedded with occasional very thin to 1lzmi-
nated shale.

Fractured and jointed.
massive.

Saundstone looks

Shaly delcmite, dark gray wvery thin to
laminated.

Current laminated. Jointed.
Dolomitic sandstone, grayish orange,
very fine to fine grained, thin to
medium bedded.

Fractured and jointed.

COPPER CREEK FAULT
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Thickness Cumulative

Unit 1In Meters Thickness Description

PUMPKIN VATLLEY SHALE

35 1.25 1.25 Sandstone, greenish gray, very fine to
medium grained, very thin to thin bedded;
salt and pepper texture due to the
presence of glauconite in medium grained
sandstone at the top.

Unit loeks massive, limenitic and
hematitic weathered surface., Berpaucria
found at the top of this unit 3 cm. in
diameter 1 cm. deep.

34 2.55 3.80 Alternate very thin sandstone and lami-
nated shaly sandstone, gravish to greenish
gray, very fine to fine grained, reddish
brown sandstone at the top aud very thin
dolemite beds in the middle.

Scme sandstene beds have internal
lamir.atiens.

33/1% 2.50 6.30 Dolomitic sandstone, light gray, £fine
to medium grained, very thin bedded.
Ripple marked; cross-bedding in opposite
directions, some are truncated.

33/2 3.10 9.40 Sandstone, greenish gray, very fine to
firne grained, very thin toc medium bedded;
sandstone is silty at the bottom; a
grayish red sandstene bed in the middle
38 cm. thick, has two bands of Scovenia
laminated shale and sandstone at the
top are flasered.

Scevenia in red bed and at the top of
the unit; planolites en lower bedding
plane of some beds. Usually in thin to
very thin sandstene beds.

32 1.85 11.25 Alternate quartzitic sandstone and shaly
sandstene, greenish gray, very fine te
fine grained, laminated to very thin
bedded, ®ottom and top of unit, with
50 cm. of thin bedded quarctzitic sand-
stone in the middde.

Planolites *; cm. to 1 c¢m. wide, in thin

beds lower bedding nlane.
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Thickness Cumulative
Unit In Meters Thickness Description
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7.00 18.25 Sandy dolomite, dark to medium gray, thin
to thick bedded, sand is very fine the
whole unit is current laminated and cross-
bedded.

Skolithos are abundant especially in the
middle of the unit; jointed.

30 1.65 19.90 Sandstene, dusky yellow, very fine to
fine grained, laminated to thin but mostly
very thin pedded, unit is more laminated
at the top; teop 60 cm. are deeply weathered.
Sandstone is very wmuch fractured and
jointed, bhreaks inte chips.

29% 3.00 22.90 Quartzitic sandstone, greenish gray to
pale yellowishi brown, very fine to fine
grained, very thin to medium but mostly
thin bedded, unit locks massive.

Winding planolites ) cm. wide; ripple
marked, scme beds are current laminated.

28 1.95 24,85 Alternate laminated shale and very thin
bedded sandstone, greenish gray to dusky
yellow. Sandstone very fine to fine
grained.

207% Shale.

27 1.10 25.95 Sandstone, grayish red to purplish, very
fine to fine grained, thin bedded.
Current laminated; badly fractured and
jointed.

26% 2.45 28.40 Alternate sandstone and sandv shale,
grayish red, very fine to medium grained,
mostly laminated with occasional very
thin beds; unit is f{lasered.

Ripple marked; Rusopnvcus and Diplichnites
are present at the top of the unit.

FAULT

8]

25 % 1.65 30.05 Quartzitic sandstone, grayish red, fin
grained, laminatd to very thin bedded;
conglomeritic sandstone, greenish gray,
15 em. thick is very thin bedded, and
fine grained at the bottom.

Ripple marked and current laminated.

24 1.45 31.50 Sandstone, grayish red, fine grained,
laminated to medium bedded.
Ripple marked and current laminated.
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Thickness Cumulative
Gnit In Meters Thicknees Description

23/1% 2.00 33.50 Sandstone, silty, greeunish gray, fine
grained, laminated to very thin bedded,
a thin bed 10 cm. thick is conglomeritic.
I.ooks nodular.

23/2 2.00 35.50 Alternate sandstone and shaly sandstone,
grayish red with grayish orange surface,
iaminated to very thin bedded, fine
grained, glauccnite is concentrated in
very thin bands.

Planolites 's cm. wide on lower bedding
of some beds.

23/3 0.69 36.10 Alternate very thin candstone and lami-
nated shale, grayish red, sandstone is
very fine to fine grained, glauconite is
abundant in very thin sandstone beds.
Sandstone is current laminated, with

micro cross-bedding in opposite direction.

23/4 0.78 36.88 Shaly glauconiticsandstone, greenish
black, fine grained, and laminated.

22 1.80 38.68 Quartzitic sandstone, grayish red, very
fine grainesd, thin bedded with lami-
nated to very thin bedded shaly sandstone
alternate with thin beds; wottom of unit
is light grayish with gravish orange
weathered surface.

Ripple marks in some beds.

21 0.93 39.61 Alternate sandstone and shaly sandstone,
grayish red to purplish, fine grained,
very thin bedded; some beds have greenish
gray bedding planes.

Ripple marked.

20 % 0.70 40.31 Sandstone and silty sandstone greenish
gray, fine grained, very thin to thin
bedded; silty sandstone is modular;
weathered suriace 1s brownish grav.

19 1.15 41.46 Alternate very thin sandstone and lawmi-
nated shaly sandstone, grayish red to
purplish, sandstone is very fine to fine
grained; bottom of unit there are 3 cm.
of greenisin pray shale.

Flasered and ripple marked.
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Degcrintion

Quartzitic sandstone, the bottom half is
grayish red, while top half of unit is
greenish gray; very fine to fine grained,
very thin to thin bedded. There are 3
horizons of very coarse clean quartz
sandstone, individual beds less than 7
cm. thick. Silty sandstone at the top is
modular.

Ripple marks in some beds; Planoliteg 3
mm. to % cm. wide and curved are on the
lower bedding of some beds. Weathered
surface of greenish gray sandstone is

hematitic.

Silty to shaly sandstone, grayish red to
brownish, very fine to fine grained,
laminated to very thin bedded, but mostly
laminated

The beds on weathering break into square
chips.

Sandstone, grayish red, very fine to fine
grained, laminated to thin bedded; some
beds 10 cm. thick are lens shaped like a
very shallow channel.

Planolites on lower bedding plane of some
beds; straight planolites in cne bed are

% cm. wide and 3 cm. long.

Quartzitic sandstone, greenish gray at
the bottom and grayish red to purplish
at the tepl very fine to medium grained,
laminated to medium bedded by mostly
thin bedded.

Current laminations and vertical worm
burrows in some red beds at the top.

Alternate silty shale and glauconitic
sandstone, grayish red and dark greenish
gray respectively, sandstone is verv finc
to medium grained, mostly laminated with
abundant very thin beds, greenish gray
shale at the bottom and top of unit.
Ripple marked; planolites 1 - 2 mm.

wide and few cms. long on lower bzdding
plancs of some beds. Unit is distorted
and there is a fault threugh the unit,
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Unit  In Meters Thickness Description

13% 3.20 53.78 Alternate very thin and thin grayish red
sandstone, and very thin to laminated
greenish gray shaly sandstone; sandstone
is fine grained, shaly sandstone beds
are modular.

Some beds are flasered; ripple marked,
about 8 cm. wide; Planolites on upper
bedding plane of some beds; (ruziana.

12 2.50 56.28 Alternate sandstone and shaly sandstone,
grayish red, very fine to medium grained,
mestly laminated with abundant very thin
beds.

Ripple marked and £flasered.

1lx 2.75 59.03 Sandstone, grayich red at the bottom,
grayish orange and greenish gray at the
top, very fine to coarse grained; very
thin to thin bedded; two horizons of very
coarse sandstone each 5 cm. thick one in
the middle and the other 50 cm. above;
top beds look modular.
Mud cracks in bottom bed. Planolites
Y cm. wide straight and winding on upper

bedding plane of come beds.

10 0.95 59.98 Alternate shaly to silty sandstone and
sandstone, grayish red, very fine to
fine grained, wostly laminated with
abundant very thin beds.

Flasered.

9% 2.35 62.33 Sandstone, grayish red, very fine to fine
grained, laminated to thin bedded with
intervening very thin bedded shaly sand-
stone; unit slightly distorted.

Ripple marked; mvd cracks in a 10 cm.
thick bed. Positive and negative small
mounds or bumps on upper and lower badding
planes. Holes or burrows ! cm. wide on
upper bedding plane. Planclites 2 mm.
wide few cms. long.

8 3.12 65.45 Quartzitic sandstone, greenish gray, very
fine to fine graincd, laminated to medium
bedded with 50 cm. of grayish red thin

bedded sandstone in the wmiddle.

Ripple marked; mud cracks in red sandstone.
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7 6.75

6 2.20

|91
o
W
(9]

4 1.80

3% 3.00

2 1.20

74.40

80.35

82.15

85.15

86.35

Sandstone, very thin to thin bedded
alternating with laminated shale; sand-
stone is very fine to medium grained;
glauconite is found in medium to coarse
grained sandstone beds close to bottom,
clean lenses of coarse sandstone, whitish
in color & cms. thick at the top of the
unit.

5% Shale.

Unit slightly distorted; ripple marked;
Planolites on lower bedding planes of
some beds. Rusophyzus fourd in debris.

Alternate sandstone and shaly sandstone,
dark greenish to greyvish red, fine
graired, laminated to very thin bedded;
some sandstone beds are glauconitic,
Current laminaticns in sandstone beds;
flasered.

10% Shale

FAULT

Dolomite and dolomitic sandstone, medium
gray to moderate vellowish brewn, very

fine grained, laminated to mediumn bedded,
but mostly thin bedded; sandstone stringers
are found in the dolomite. Shaly dolomite
top of unit,

Skolithes 1 - 2 pm., wide and 1 - 2 cms.
long are found in dolomitic sandstone.

Unit is faulted, jointed and fractured.

Dolomite, medium gray, microcrystalline
to very fine, laminated to thin bedded.
Current laminated; jointed; weathered
surface, pale yellowish brown.

Sandstcone, grayish red, very finc to fine
grained, laminated to thin bedded; light
gray very thin bedded sandstone viose to
bottom of unit.

Current laminated and micro-cross-bedding;
jointed; planolites on lower bedding plane
of some red beds. Ripple marked.

Dolomite and dolomitic sandstone, medium
gray, very fine grained, laminated to
very thin bedded; some shaly dolomite at
the top, and a 5 cm. thick grayish red
sandstone bed in the middle of cthe unit.
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Unit 1In Meters Thickness Description

Planclites 2 mm. thick and mostly less
than 3 cms. long in some beds.

1 5.00 91.35 Dolomite, dark gray, very fine thin to
medium bedded, sandstone stringers 1 cm.
to 3 cm. thick are abundant; differential
weathering ceuse the stringers to stand
out.

Unit is faulted, jointed and brecciated
at the bottom. Some sandstone stringers
loox like intraclasts.

BEAVER VALLEY FAULT
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SHARP RIDCE - FIRST CREEK SECTION

Thickness Cumulative
Unit In Meters Thickness Description

PUMPKIN VALLEY SHALE

24 4.00 4,00 Alternate laminated shale and laminted
to very thin bedded sandstone, fine
grained, pale olive and grecnish gray
with occasional pale red herizons of
shale and sandstone, with glauconitic
laminations with limenitic surfaces.
Rome expesure is partly ercded and
covered in this section at the top.

23/1 0.50 4.50 Glauconitic sandstone, pale brown to
grayish red, fine to medium grained,
with a limonitic surface.

5% Shale.

Current laminations of glauconite and
white quartz sandstone. Shale is
distorted.

ot

23/2 1.25 5.75 Alternate very thin bedded sandstone and
laminated shale, pale yellowish brown,
fine grained sandstone; shale is douwi-
nant at the bottom, flaky and friable.
30% Shale.

Flaser bedding at the bottom.

22 0.50 6.25 Shale, greenish gray, thinly laminated,
flaky and friable with two very thin
bedded, fine grained sandstone beds at
the top.

21 0.75 7.00 Alternate, very thin bedded sandstone
and lamirated shale, pale red, very fi
to medium grained sandstone, Seme sand-
stone heds are glauconitic with limoni
blotches.
207 Shale.
Fine flensliter and fecal pellets on

some beds. Drag folding,

ne

tic

20% 0.75 7.75 Glauconitic sandstone, pale brown with a
dark greenish tinge, fine to coarse
graincd, salt and pepper texture in the
coarse grained sandstene, very thin to
thin bedded with shaly bedding planes.
Looks flasered at the bottom of unit.
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Thickness Cumulative
Unit In Meters Thickness Description

19 1.6

W

9.40 Alternate very thin bedded sandstone and
laminated shale, pale brown to medium
yellowish brown, fine to medium grained
glauconitic sandstone beds.

10% Shale.
Current glauconitic laminations in sand-
stone beds.

18 5.00 14.40 Alternate very thin bedded sandstone and
lamirated shale, pale brown with a dark
greenishi gray tinge, sandstone is very
fine grained except where it is glauconi-
tic it is fine to medium grained; glau-
conite is abundant at the top.

10% Shale.
Drag folding distorted the unit completely.

FAULT

17 0.50 14.90 Shale, greenish gray, thinly laminated,
flakey and friable occasional laminated
very fine grained sandstone.

16 9.00 23.90 Alternate very thin bedded sandstone and
laminated shale, pale brcwn, fine grained
with occasional medium grained glauconitic
sandstone beds; occasional shale beds 15 -
25 cm. thick.

30 - 40% Shale.

Some sandstone beds are current laminated
with alternate glauconite and sandstone
laminae.

15 0.70 24.60 Shale, pale brown, thinly laminated,
flakey and friable.

14/1% 0.725 24,85 Sandstone, dark vellowish orange, very
fine grained, thin bedded; slightly
glauconitic.

Current laminated at the bottom.

14/2 0.65 25.50 Shale alternating with very thin to

laminated sandstone, very fine grained,
pale olive and pale brown, with two hori-
zons of glauconitic sandstone at the top.
40 - 507 Shale.

Ripple rnarked, micro cross-bedding.
Current laminations in some beds.
Vertical dip.
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14/3

14/4

14/5

13/1

13/2

13/3

13/4

12/2

2.48

0.28

0.38

0.60

0.40

1.65

0.20

0.23

0.55

27.98

28.26

28.64

29.24

29.64

31.29

31.77

Alterrnate very thin bedded sandstone and
laminated shale olive gray with occasional
glauconitic sandstone, mestly very fine
grained with occasional medium grained
sandstone.

307% Shale.

Fine internal laminations in sandstong.
Flaser bedding in the middie.

Shale, light olive gray, flakey and
friable with few very thin bedded very
fine sandstone beds.

Sandstone, dark yellowish orange with
greenish gray bedding planes, very fine
grained very thin tc thin bodded.

Current laminated; fractured and jointed.

Alternate laminated shale and very thin
bedded sandstone, pale brown, fine
grained; 657 shale at the top and 107%
at bottom, 507% shole unit.

Mud cracks in sandstone beds at the
bottom. Fine Planolites and fecal
pellets.

Shale, grayish brown, thinly lawminatec,
flakey and friable.

Alternate very thin bedded sandstone and
laminated shale, pale brown, very fine
to fine grained; occasional glauconitic
sandstone horizons.

20% Shale.

Mud cracks; fine internal laminations.

Shale, grayish wrown, thinly laminated,
flakey and friable.

Glaucconitic sandstone, greenish gray with
limonitic surfaces at the top, very fine
to medium grained, very thin to thin
bedded with shaly bedding planes.

Current laminated, micre cross-bedding.

Sandstone, greenish gray, very fine tc
fine grained, very thin to laminated.
5% Shale.

Current laminations.
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12/3

11/1%

11/2

11/3

10#

8/1%*

8/2

0.60

0.25

0.25

32.

33.

33.

34.

34.

36.

37.

38.

92

82

67

92

77

62

12

Glauccnitic sandstone, greenish gray,
very fine grained with occasional medium
grained sandstone, very thin bedded with
occasional laminated and thin bedsg.

10% Shale.

Current laminated, micro cross-bedding.
Flaser bedding bottom of unit. Salt and
pepper texture in some beds.

Dolomite, medium light gray, thin bedded
with greenish gray bedding planes and
light brown gray very fine grained dolomi-
tic sandstone.

Current laminated.

Sandstone, dark greenish grav very fine
grained, very thin to laminated.

Fine irregular intermal laminations due
to shale.

Dolomite, medium light gray, thin to
medium bedded, with very fine grained
sandstone laminations about 2 cm. thick
in dolomite beds.

Alternate very thin bedded sandstone and
laminated shale, dark greenish gray very
fine grained sandstone, a thin dolomite
bed at the bottom of unit.

Mud cracks in dolomite beds. Shaly
bedding planes are shiny.

Dolomite, medium light gray, thin to
medium bedded, with a grayish orange
weathered surface and greenish gray
bedding planes; white very fine grained
sandstone stringers are clear in dolomite.

Quartzitic sandstone, greenish gray with
a pinkish tinge, very fine grained,
laminated to thin bedded.

Ripple marked, finc internal laminations
due to the presence of shale.

Quartzitic sandstone, light olive gray,
very fine to fine grained, laminated to
very thin bedded withlaminated shale at
the top.

10% Shale.

Flaser bedding at the top; fine
glauconitic laminations in some beds.
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7

5/1

5/2

5/3

5/4

0.75

0.55

38.87

39.42

39.67

39.80

41.28

41.46

41.89

46.44

46.99

Sandstone, medium dark gray, very fine
grained, very thin bedded with occasional
laminated and thin beds, with a thin
dolomitic sandstone bed at the bottom.
Planolites on some beds.

Alternate very thin bedded quartzitic
sandstone and leminated shale, light o
olive gray, very fine grained.

30% Shale.

Flaser bedding; ripple marked.

Quartzitic sandstone, dark gray, very
fine grained, very thin bedded.
Ripple marked.

Dolomite, medium gray, thin bedded with
very fine grained white sandstone
stringers.

Quartzitic sandstone, medium light gray
very fine grained, very thin to medium
bedded with limonitic blotches; some
beds in the middle aire glauconitic.

Sandstone, dusky yellow, very fine to
fine grained, laminated to very thin
bedded.

Ripple marked; flaser bedding.

Quartzitic sandstone, white very fine
grained, thin to medium bedded.
Fractured and jcinted.

Dolomite sandy, medium light gray, very
fine grained, medium to thick hbedded.
Fractured and jointed. Dolomite with
sandstone stringers in fault contact on
top of this unit.

FAULT
Dolomite sandy, medium bluish gray,
very fine grained, medium bedded.

Fractured and jointed; dark internal
laminations.

FAULT



w
o
r—

Thickness Cumulative
Unit In Meters Thickness Description

1/1 5.55 52.54 Dolomite sandy, medium dark gray, very
fine grained very thick to medium bedded;
some beds show stringers of pure sandstone;
weathered surface ic¢ light brownish gray.
Fractured and jointed. Major fault 4
meters from bottom.

SALTVILLE FAULT
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Thickness
In Meters

SHARP RIDGE -

Cumulative
Thickness
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SHARP GAP SECTION

Description

48/17’:

48/2

48/3
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0.03

0.05

0.55

0.64

8.69

1.04

1.12

Grayish red and greenish gray shale,
shaly sandstone and siltstcne, laminated
to very thin bedded, folded and faulted,
completely distorted. It is difficult
to determine if this is part of the
Pumpkin Valiey Shale.

Siltstone, moderate vellowish brown, very
thin bedded to laminated.
Glauconitic derk greenish gray laminae.

Glauconitic sandstone, greenish black,
medium to coarse grained, thin bed
which wedges out.

Cross bedded with alternate glauconite
and quartz laminae, cross beds are
truncated at the top.

Quartzitic sandstone, pale yellowish
brown, very fine grained very thin
bedded with occasional olive grav thinly
laminated shale.

Fine intcrnal glauconitic laminae;
ripple marked.

Shale, light olive gray, thinly laminated.

Sandstone, grayish orange, very fine
grained, very thin bedded with greenish
gray bedding planes.

Fine internal glauconitic laminae.
Planolites on lower bedding planes of

some beds.

Sandstcone, light olive gray very fine
grained, verv thin bed.

Sandstone, grayish orange, very fine
grained, very thin bedded.

Fine internal gleuconitic Jaminae.

Shale, light olive uray, thinly laminated,
with very Uince pgrained sandstone lenses.
Flaser bedding.
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47/1

47/2

47/3

4774

47/5

46/ 1%

46/2

46/3

45

0.18

(.23

0.55

0.25

0.18

0.50

0.29

0.24

1.00

1.35

2.38

2.56

3.06

3.35

5.34

Siltstone, pale brown, very thin bedded
with laminated light olive gray shale,
Light brown weathered surface. Sharp
upper and lower contacts.

Shaly siltstone, dark vellowish orange,
very thin bedded with light olive gray
laminated shale.

Siltstone, pale brown, very thin evenly
bedded, with grayish yellow green bedding
planes.

Worm trails and planolites on bedding
planes.

Shaly siltstone, pale brown, very thin
bedded, with grayish red shaly bedding
planes. Irregular shaly laminations.
Fine mud cracks. Plaunclites 2 - 3 mm.
wice. T

Sandstone, moderate yellowish brown, thin
bedded very fine grained, with grayish
olive laminated shazale.

Sandstone, moderate yellowish brown, very
fine grained, thin to medium bedded.
Current laminated.

Silty clay, light brown to moderate brown,
laminated with sharp upmper and lower
contacts.

Unit is probably deeply weathered carbonate
rock.

Sandstone, moderate yellowish brown, verwy
fine grained, thin bedded.

Current laminated. Weathered surface is
grayish.

Sandstone, medium yellowish brown, fine
to mediuwm graincd, thin to very thin
bedded with occasional laminated beds.

Shaly sandstone, light olive gray, [ine

te medium grained, laminated interbedded
with moderate vellowish brown, laminated
fine grained sandstone.

Sandstone beds are current laminated.
Flaser bedding at the bottom with increase
in percentage of shale.
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Thickness Cumulative
Unit In Meters Thickness Degcription

44/1 0.25 5.59 Siltstone, grayish orange, very thin
bedded.
Ripple marked.

44/2 0.08 5.67 Silty clay, dark yellowish orange,
laminated.
Deeply weathered.

44/3 0.13 5.80 Sandstone, moderate yellcwish brown, very
fine grained, very thin bedded with
occasicnal laminated shale.

5% Shale.
Ripple marked.

4474 1.33 7.13 Sandstone, grayish orange to moderate
yellowish brewn, very fine grained, very
thin bedded with thin beds at the bottom
and middle with light olive gray shaly
bedding planes.

Ripple marked; micro cress—-bedding with
alternate sand and glauconite laminae;
current laminated.

44/5 0.13 7.26 Silty shaie, light clive gray laminated
alternating with laminated very Iine
grained grayish orange sandstcne.

44/6 0.45 7.71 Sandstone, gravish orange to moderate
yellowish breown, wvery fine grained, thin
bedded.

Current laminated with glauconitic
laminae.

4417 0.85 7.76 Sandstone, light olive gray very fine

grained, laminated.
Current laminated, glauconitic laminae.

44/8 0.25 R.91 Sandstone, grayish crange to moderate
yellowish brown, very fine grained,
evenly thin bedded.

Ripple marked.

44/9 0.05 8.06 Sandstone, light olive gray, fine to
medium grained, laminated.

Fine internal glauconitic laminae.

44/10  0.10 g.16 Sandstone, moderate yellowish brown,

very fine grained, thin bedded.
Current laminated.
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44/11 0.13 8.29 Sandstone, pale yeilowish brown to light
olive gray, fine to medium grained, lami-
nated to very thin bedded.

Current laminated, alternate dark and
light laminae. Planolites.

43/1% (.38 8.67 Siltstone, grayish orange, thin to medium
bedded.
Fractured.

43/2 0.30 8.97 Sandstone, grayish orange, very fine
grained, very thin to laminated.

42/1 0.10 9.07 Siltstone, dark yeliowish orange,
laminated.
Dark and light internal laminae.

42/2 0.33 9.40 Siltstone, dark yeilewish brown, laminated
to very thin beddecd.
Current laminated, dark and light laminae.

42/3 0.18 9.58 Siltstone, grayish orance, laminated.
Alternate dark and light laminae.

42/4 0.10 9.68 Siltstone, light brown, laminated.
Deeply weathered, internal laminatiouns
are preserved.

41 * 1.38 11.06 Sandstone, moderate yellowish brown,
very fine to fine grained, thin to medium
bedded; sharp upper and lower contacts.
Some beds are porous probably due to
teaching of carbonates. Current lami-
nated. Jointed.

40/1 0.05 11.11 Siltstone, bluish white, laminated

40/2 1.40 12.51 Sandstone, light brown, fine grained,
laminated, unit is porous procably due
to leaching of carbonates.
Deeply weathered.

39/1x 1.83 14.34 Sandstone, grayish orange to moderate

yellowish brown, fine grained, thin
bedded with occasional laminated and
medium beds.

Fractured and jointed breaks to small
cubes. Current laminated.
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39/2 0.25 14.59 Silty clay, pale brown, laminated.
Deeply weathered.

39/3 0.58 15.17 Sandstone, dark yellowish brown, fine
grained, thin bedded.

FAULT

39/4 0.13 15.30 Sandstone, pale greenish yellow, fine
grained, thin bedded.
Brecciated.

39/5 0.05 15.35 Silty clay, moderate brown, laminated
withh black streaks.
Deeply wecathiered.

39/6 0.40 15.75 Sandstone, moderate yellewish brown,
fine grained, very thin to thin bedded.
Joiuted, some beds are perous,.

38%* 0.83 16.58 Quartzitic sandstcne, very pale orange
to dark yellowish orange, fine grained.
medium bedded.

Current leminated, laminae are in bands
1 cm. to 5 cm. thick. Fractured and
jointed.

37/1 0.25 16.83 Siltstone, dark yellowish orange
laminated.

Deeply weathered limonitic color.

37/2 0.30 17.13 Sandstonc, grayish orange, fine grain,
very thin to thin bedded.
Ripple marked.

37/3 0.13 17.26 Shaly siifstone, light olive gray,
thinly laminated.

Friable, micaceous, , rusty mottled
surface.

36% 1.70 18.96 Quartzitic sandstone, greenish gray,
fine to medium grainced, medium bedded.
Current laminated with alternate dark
and light laminae. Planolites coumon.

35 0.65 19.61 Sandstene, pale brown, very fine

graincd, laminated to very thin bedded
with light olive gray shaly bedding
planes.

Mud cracks, ripple marks; Planolites.
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34/1 0.45 20.06 Silty shale, light olive, gray, to dusky
yellow, laminated.

34/2 0.20 20.26 Clayey siltstone, dark yellowish orange,
laminated to very thin bedded.
Deeply weathered to a limonitic color.

34/3 0.35 20.61 Siltstone, greenish gray to grayish
orange, laminated.

34/4 0.05 20.66 Sijtstone, bluish white, laminated.

34/5 0.15 20.81 Sandstone, moderate yellowish grown,

very fine grained, very thin bedded,
Weathers into small cubes.,

34/6 0.15 20.96 Shaly siltstone, pale olive to dusky
yellow, laminated.
Looks flasered.

34/7 0.10 21.06 Clayey siltstone, dark yellowish orange,
laminated.
Deeply weathered.

33 1.00 22.06 Sandstone, gravish orange, very fine
grained, very thin to medium bedded.
Fractured and jointed. Plancolites in
one bed.

32/1 0.13 22.19 Shale, light olive gray, laminated.
Friable.

32/2 0.18 22.37 Shaly siltstone, dark yvellowish orange,
laminated with dark streaks.
Deeply weathered to a limonitic color.

32/3 0.43 22.80 Sandstune, gravish orange and mottled
pale olive, very fine grained, very
thin bedded.
Completelv shattered masking the bedding.

32/4 0.45 23.25 Sandstone, grayish orange, very {ine
grained, medium bedded.
Fractured and jointed.

32/5 0.25 23,50 Siltstone, dark vellowish orange, very

thin to laminated.
Deeply weathered to a limonitic color.
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32/6 0.20 23.70 Sandstone, grayish orange, very fine

grained, laminated to very thin bedded.
Ripple marked.

32/7 0.15 23.85 Sandy shale, tight clive gray laminated
with lenses of verv fine grained sandstone.
Flaser bedding.

31/1%  0.85 24.70 Quartzitic sandstone, grayish orange to
moderate yellowich brown, vzry fine
grained, medium bedded.

Fractured and jointed.

31/2 0.08 24,78 Shaly siltstone, light olive gray
laminated.
Alternate dark and light internal
laminae.

31/3 0.35 25.13 Sandstone, grayish orange to moderate
yellowish brown, very fine grained,
medium bedded.

Fractured and jointed.

31/4 0.25 25.38 Sandstona, pale vellowish brown fine
grained, thin bedded with grayich vellow
green bedding planes.

Ripple marked.

30/1%  0.45 25.83 Sandstone, grayish red, very fine
grained, laminated to very thin bedded
with grayish green badding planes.
Planolites 1.5 cm. wide and smaller are
abundant; some bands are bioturbated.

30/2 0.10 25.93 Sandstone, moderate yellowish brown,

very fine grained, very thin bedded.
30/3 0.13 26.06 Shaly siltstene, grayish red, laminated.
30/4 0.13 26.19 Silty shale, light olive gray, laminated.

Calcite veins parailel to bedding.

30/5 0.20 26.39 Shaly siltstone, pale olive, laminated,
with 5 cm. of laminated shale at the
bottom.

Calcite veins 2 mm., thick parallel to
bedding. Arthrophyceus?

30/6 0.10 26.49 Sandstone, 1light brown, very fine
grained, laminated.
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30/7

30/8

30/9

30/10

30/11

30/12

30/13

29/1

29/2%

29/3

28/1

28/2

28/3

27/1

0.13

0.08

0.13

0.10

0.05

0.35

0.08

0.05

0.20

0.03

0.08

26.62

26.70

26.83

26.98

27.11

27.21

27.26

27.61

27.09

27.74

27.84

28.04

28.07

28.15

Sandstone, moderate yellowish brown, very
fine grained, laminated tc very thin
bedded.

Shaly sandstone, dusky yellow, very fine
grained, laminated.
Ripple marked.

Sandstone, light brown, very fine grzined,
laminated with black and light colored
streaks.

Sandstone, moderate yellewish brown, vary
fine grained, very thin bedded with pale
olive bedding planes.

Shaly sandstone, with light olive gray
laminated shale and grayish crange, lami-
nated very fine grained sandstone,

Flaser bedding.

Silcstone, pale yellewish orange, laminated.
Peeply weathered.

Silty shale, light olive gray, iaminted.
Sharp lower contact,

Quartzitic sandstone, moderate yellowish
brown, fine grained, medium bedded,
glauconitic at the bottom.

Fractured and jecinted.

Quartzitic sandstone, light olive grav,
fine grained, laminated to wvery thin
bedded, with pale olive bedding planes.
Planolites abundant.

Sandstone, moderate yellowish brown,
fine grained, very thin bedded.

Current laminated with dark laminae.

Shale, light olive gray, laminated.
Friable,

Shaly siltstone, dusky yellow tc
yellowish gray, jaminated.

Shale, light olive gray, laminated.

Shaly, grayish red, thinly laminated.
Friable.
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Unit In Meters Thickness Description

27/2 0.23 28.38 Sandstone, grayish red to moderate brown,
very fine grajined, laminated with inter-
vening laminated shale.

30% Shale

27/3 0.05 28,43 Sandstone, grayish red, fine grained,
thin bed.

27/4 0.23 28.66 Shaly sandstone, grayish red, very fine
grained, laminated.

27/5 0.05 28.71 Sandstone, grayish red, very fine
gcained, thin bed.

27/6 0.45 29.16 Shaly sandstcne, grayish red, very fine
grained, lamitnated with three, very fine
grained very thin sandstone beds.

26/1 0.28 29.44 Sandstone, grayish red, very fine grained,
medium bed with pale olive upper bedding
plane.

26/2 0.23 29.67 Sandstone, grayish red, very fine grained,
very thin bedded with occasional lami-
nated shaly sandstoone beds.

26/3 0.28 29.95 Shaly sandstone, grayish red, very fine
grained, laminated.

26/4 0.58 30.53 Sandstone, gravish red, very fine grained,
very thin bedded with occasional lami-
rnated shaly sandstone.

26/5 0.03 30.56 Sandstone, grayish yellow green, very
fine grained, laminated.

25 0.88 31.44 Quartzitic sandstone, grayish orange to
moderate yellowish brown, fine grained,
thin to medium bedded.

Planolites bottom of unit. Jointed.
24/1 0.10 31.54 Shale, pale olive, laminated.
24/2 0.25 31.79 Sandstone, grayish red, very fine grained,

laminated alternating with laminated shale.
257% Shale.

Flaser bedding; current laminated with
alternate dark and light laminae.
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23

22/1%

22/2

22/3

22/4

22/5

22/6

2277

22/8

22/9

1.13

0.73

0.03

0.05

0.05

0.05

0.13

0.25

0.28

0.15

32.92

33.65

33.68

33.73

33.96

34.21

34.49

34.64

Quartzitic sandstone, pale brown, very
fine grained, thin to medium bedded;

pale olive bedding planes.

Jointed. Sharp lower and upper contacts.

Sandstone, grayish red, very fine
grained, very thin to thin bedded with
1.5 cm. thick horizon of olive gray
shale at the top and two 3 cm. thick
horizons c¢f grayish red shale at the
bottom.

Current laminated.

Sandy shale, grayisih red, laminated.

Sandstone, grayish red, very fine grained,
thin bed.
Current laminated.

Sandy shale, grayish red, very fine
grained, laminated.

Sandstone, grayish red, very fine
grained, thin bed.
Current laminated.

Shale, grayish red, laminated alternating
with very fine grained, laminated sand-
stone.

607% Shale.

Flaser bedding.

Sandstone, grayish red, very fine
grained, very thin bedded.
Current laminated.

Sandstone, gravish red, very fine

grained, laminated alternating with

laminated shale.

30% Shale.

Current laminated; micro cross-bedding.
lanolites are abundant,

Sandstone, grayish red to blackish red,
fine to medium grained, medium bed.
Planolites lower bedding pilane; biotur-
bated at the bottom; current laminated
vertical burrows,
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22/10 0.18 34,82 Sandstone, grayish red to blackish red,
fine to medium grained, thin bedded.
Micro cross—bedding in opposite directions.
Planolites abundant on bedding planes.

22/11 0.68 35.50 Glauconitic sandstone, olive gray to
noderate yellowish brown, fine to medium
grained, laminated to thin bedded with
occasional shale and sandy shale.

Current laminated; micro cross-bedding;
planolites are abundant. Salt and pepper
texture.

21/1% 1.75 37.25 Shale, dark greenish gray, to pale olive,
leaminated, alternating with laminated
moderate reddish brown, fine to medium
grained glauconitic sandstone.

507% Shale.

Planolites 2 mm. wide and short are
abundant. Salt and pepper texture in
sandstone.

21/2 0.73 37.98 Sandstcne, pale brown, very fine grained,
very thin to laminated alternatinyg with
greenish black glauconitiz sandstene.
Very fine intcrnal dark and light
laminae in glaucenitic sandstone.

21/3 0.03 38.01 Shale, light olive gray, thinly
laminated.

Flakey and friable.

21/4 0.18 38.19 Alternate laminated light olive gray
shaly sandstone and pale brown sandstone,
very fine grained.

Current laminated, some beds are
burrowed.

21/5 0.03 33.22 Shale, grayish red, thin laminated.
Flakey and friable.

21/6 0.38 38.60 Glauconitic sandstone, greenish black,
fine to medium grained, laminated to
very thin bedded.

Current laminated. Lower half of unit
has a grayish red surface.

21/7 .33 38.93 Glauconitic sandstone, light gray to

light olive gray, finc to medium grained,
laminated.
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20/1

20/2

20/3

19/1%

19/2

19/4

18/1

0.35

0.33

0.35

0.88

0.28

0.35

0.05

39.28

39.61

39.996

40.84

41.19

41.47

1.82

i~

41.87

Quartzitic sandstone, pale yellowish

brown, very fine grained, very thin to

thin bedded with pale olive bedding planes.
Current laminatad.

Quartzitic sandstene, pale brown to
grayish red, very fine grained, wvery thin
to thin bedded.

Some beds are lens shaped. Ripple marks;
current laminated.

Quartzitic sandstone, moderate yellowish
brown, very fine grained, thin bedded.
Current laminated.

Sandstone, grayish red, very fine grained,
very thin bedded alternating with shale
and shaly sandstone, very fine grained
and laminated.

Mud cracks; asvmmetric ripple marks,
current direction is SE. Current lami-
nated; micro cross-bedding; flaser bedd-
ing in the middle. Planoiites are
abundant.

Sandstone, grayi , very fine grained,
thin bedded with occasional very tihin beds.

Rusophycus is present.

Sandstone, grayish red, fine to medium
grained thin bedded with laminated to
very thin bedded shaly sandstone.
Ripple marked; some laminations are
bioturbated. Planolites 2 mm. wide are
abundant. Rusophvcus?

Quartzitic sandstone grayish red, very

fine grained, very thin bedded, alter-

nating with laminated pale olive, fine

to coarsce grvailnced shalv sandstenc.

Some beds are bioturbated. Planclites

of different sizes are abundant. Shaly
sandstone is glauconitic.

Sandstone, grayish red, very fine
grained, thin bhed.

Asymmetric ripple marks, current
dircection S20°E.
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18/2

18/3

18/4

17/1x

17/2

16/1

16/2

16/3

15/1

15/2

0

.50

.53

.28

.90

.20

.15

.08

.18

.10

.13

42.

42

43.

L4

44,

44,

44,

L4,

=~
I~

1~
I~

37

.90

18

.08

26

43

51

69

.79

Shale, grayish red, thinly laminated with
a very thin, very fine grained sandstone
bed in the middle.

Flakey and friable. Sandstone bed is
current laminated with micro cross-bedding.

Laminated shale and shaly sandstone,
grayish red, very fine grained with
light olive gray bedding planes.

Sandstone, pale yellowish brown, very
fine-grained, laminated alternating with
light olive gray laminated shale and
shaly sandstone.

Flaser bedding.

Quartzitic sandstone, glauconitic, light
olive gray to pale vellcwish brown, the
upper half is fine grained, the lower
half is coarse grained, thin bedded.
Upper beds are current laminated. Quartz
grains are rounded.

Sandstone, grayish orange at the top to
moderate yelleowish brown at the bottom.
Very fine grzined laminated to very
thin bedded.

Current laminated.

Sandstone, moderate yellowish brown,
very fine grained, laminated alternating
with thinly laminated dark greenish gray
shale.

Flaser bedding. Sandstone is dominant.

Shale, dusky yellow green, thinly
laminated.

Shale, grayish red to grayish brown,
thinly laminated.
Flakey and friable.

Shaly siltstone, grayish yellow,
laminated.
Current laminated.

Sandstone, noderate vellogish brown,
very fine grained, laminated to very
thin bedded.

Current laminated; micro cross-bedding.
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15/3

15/4

15/5

15/6

14/1

14/2

14/3

13/1%

13/2

13/3

13/4

0.25

0.08

0.10

0.18

0.78

0.:10

45.17

45,25

45.80

45.88

46.06

46.16

46.34

47,12

47.47

I~
~J
.

(9,
~

47.97

Sandstone, grayish brown, fine grained,
laminated alternating with laminated,
very fine grained pale brown shaly
csandstone.

Sandstone is current laminated.

Saudstone, moderate yellowish brown to
dark yellowish brown very fine grained,
thin bed.

Silty shale, grayish red, laminated.
Laminated transverse and parallel
calcareous veins,

Siltstone, grayish orange pink, thin bed.

Shale, silty, dark greenish gray,
laminated.

Sandstone, dusky vellow to yellowish
gray, very fine grained, laminated.

Sandstone, gravish brown, very fine
grained, laminated with intervening dark
greenish gray, laminated shale.

257% Shale.

Flaser beddiny; cuvrent laminated sand-
stone. Somc beds arve burrowed.

Sandstone, grayish red, very fine graivned,
very thin bedded with laminated shaly
sandstone.

Ripple marked; current laminated;
Planolites abundant; Rusophycus.

Sandstone, pale brown to grayish brown,
very fine grained laminated with inter-
vening laminated shaly sandstone.
Planolites 2 mm. wide are abundant.
Siltstone, yellowish gray, thin bed with
discontinuous lenseés of dark greenish
gray shale.

Sandstone, dark greenish gray verv fine
rained, laminated with intervaening

& 3 124

shaly sandstone.
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13/5

13/6

12/1%

12/2

12/3

12/4

12/5

12/6

12/7

12/8

12/9

0.68

48.

48.

49.

49

49.

50.

50.

50.

50.

51.

65

88

48

.71

86

.04

22

37

50

60

90

Sandstone, grayish red to blackish red,
very fine grained, very thin to laminated.
Planolites on lower bedding plane.
Rusophycus.

Sandstone, greenish gray to light olive
gray, very {ine grained, very thin bedded
with laminated shaly sandstone.

Ripple marked; flaser bedding.
Planolites.

Quartzitic sandstone, pale yellowish brown
to pale brown, fine grained, thin to very
thin bedded with light olive gray upper
bedding planes.

Sandstone, grayish red, fine to medium
grained, thin bedded.
Current laminated.

Sandstone, grayish green mottled with pale
brown, coarse grained, with lenses of fine
grained sandstone; thin bedded.

Sandstone, light olive gray, very fine
grained, laminated to very thin bedded.
Nodular weathering.

Sandstone, pale olive, coarse grained,

thin bedded with very fine grained internal
laminae.

Conglomeritic sandstone.

Sandstone, moderate yellowish brown, very
fine grained, very thin to thin bedded.
Current laminated, laminae are dark
colered.

Sandstone, light olive gray to grayish
olive, very f{inc¢ grained, laminated.

Quartzitic sandstone, pale vellowish
brown to pale olive at the bottom, very
fine grained, thin bedded.

Quartzitic sandstons, light grav to
grayvish orange pink, very {ine grained,
thin to medium bedded.

Current laminated, with alternate dark
and light laminae.
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12/10 0.30 52.20 Quartzitic sandstone, light gray to grayish
green, very fine grained, thin bedded.
Current laminated.

11/1=% 0.28 52.48 Sandstone, grayish red, coarse to very
coarse grained, thin bedded.

11/2 0.05 52.53 Sandstone, grayish red, very fine grained,
very thin bed.
Planclites sbundant on lower bedding plane.

11/3 0.13 52.66 Sandstone, gravish red, very fine grained,
laminated.

11/4 0.73 53.39 Sandstone, gravish red, fine grained, with
coarse to very coarse quartz grains
scattered in the matrix, very thin to
thin bedded.

Some beds wedge out. Planolites abundant
on lower bedding plane.

11/5 0.08 53.47 Silty sandstone gravish red, very fine
grained, laminated.

i1/6 0.05 53.52 Sandstone, grayish red, very fine grained,
very thin bed.
Current laminated.

11/7 0.80 54.32 Sandstone, grayish red, fine grained, with
lenses of coarse to very coarse quartz
sandstone 2 mm. to 1 cm. thick some lenses
are 8 cm. thick, glauconitic and greenish
gray in color; wmedium bedded with sowme thin
beds.

Current laminated. Some beds are biotur-
bated; vertical burrows; planelites 2 mm.
wide in some beds.

10/ 1% 0.05 54.37 Glauconitic sandstone, greenish black,
coarsc grained, thin bed.

10/2 0.08 54.45 Sandstone, brownish gray to dark greenish
gray, fine grained with eccasional coarse
grained laminae; laninated.

Micro cross-bedding truncated; current
laminated with glauceonitic laminae.
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Thickness Cunmulative

Unit In Meterg Thickness Description
10/3 0.25 54,70 Silty sandstone, grayish red, with a

greenish black weathered surface, very
fine grained, laminated.
Unit looks like one medium bed.

10/4 1.05 55.75 Sandstone, gravish red to greenish black
with lower keds lighter in color and are
greenish gray, fine grained, very thin
to thin bedded, with internal glaucenitic
laminae.

Current laminated with alternate dark and
light laminae. Micro cross-bedding.
Skolithos 5 mm. wide, scome stopping at

a change in color.

9/ 1= 0.60 56.

(%]
wl

Sandstone, grayish red, very fine grained,
laminated te very thin bedded; greenish
black bedding planes.

Current laminated, with wavy laminae.

9/2 2.15 58.50 Sandstone, dark greenish gray, very fine
grained, laminated to very thin bedded
with shalv bedding planes.
107% Shale.
Current laminated with internal glauconitic
laminae, some laminae are wavy.

9/3 0.80 59.50 Sandstone, light olive gray to greenish
gray with some moderate vellowish brown
sandstone, very fine grained, laminated
alternating with thinly laminated shale.

407 Shale.
Current laminated.

8/1% 0.30 56.60 Dolomite, medium gray to medium dark gray,
micro-crystalline, mediun bed.
Current laminated. Yellowish gray
weathered surface mottled with gravish

black.

8/27+% 0.3 59.68 belomite, mediun gray to medium dark
gray, micro-crystalline, laminated.
Qolites seen in thin section. Unit 8 is
partly dolomitized limestone.

62.13 Nolowmite, mediuw dark grav, micro-
crystalline, thin to thick boedded.
Intraclasts in the bottowm beds. Current
laminated. Jointed and fractured,
Yellowish gray to grayish orange pink
weathered surface. Stylolites,

A
e
D
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Thickness Cumulative
Unit 1In Meters Thickness Description

8/4 0.55 62.68 Dolomite, medium dark gray, micro-
crystalline, very thin bedded.
Current laminated with alternate dark
and light laminae.

8/5 1.33 64.01 DoJomitic sandstona, medium bluish gray,
very fine grained, thin toc medium bedded
with occasional very thin beds.

Current laminated with wavy internal
lamninae,

7% 0.65 64.66 Sandy dolomite, light to medium gray,
very fine grained, very thin to thin
bedded with shaly bedding planes.
Current laminated, truncated cross-—
bedding. Pale yellewish brown weathered
surface.

6/1% 0.35 65.01 Dolomitic sandstone, medivm gray to
brownish grav, very fine grained, very
thin bedded.

Ripple marked, current laminated.

6/2 1.20 66.21 Sandstone, grayish red, very fine grained,
thin bedded with sowme very thin and lami-
nated beds.

Current laminated.

6/3 0.18 66.39 Sandstone, gravish red with a medium
bluish gray surface, very fine grained,
very thin bedded.

Beds are lens shaped which pinch out and
thicken. Planolites on lower bedding of
some beds.

6/4 0.15 66.54 Sandstone, grayish red, very fine grained,
thin bedded.

Planolites on lewer hedding plane.

6/5 0.40 67.29 Sandstone, gravyish red with medium bluish
gray blotches, very {ine grainod. very
thin to thin bedded.

Current laminated.
6/7 0.28 67.57 Sandstone, grayish red, medium hluish

gray blotches, very fine grained, lami-
nated to wvery thin hodded.
Current laminated.
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Thickness Cumulative
Unit In Meters Thickness Description

5% 0.35 67.92 Sandstone, grayish orange, very fine
grained, laminated to very thin bedded
with greenish gray to dark greenish gray
bedding planes; occasional laminated
shaly sandstonc.

Ripple marked.

4 0.63 68.55 Sandstone, grayish red, very fine grained,
laminated to very thin bedded with lami-
nated shaly sandstone.

3/1*%  0.58 69.13 Dolecmite, medium gray, microcrystalline,
very thin to thin bedded.
Current laminated. Yellowish gray
weathered surface.

3/2 0.40 69.53 Sandy dolomite, medium gray, very fine
grained, laminated to very thin bedded.
Current laminated. Greenish gray surface.

3/3 0.18 69.71 Dolomite, medium gray, microcrystalline,
thin bedded.
Current laminated.

3/4 0.75 70.46 Sandy dolomite, medium gray, very fine
grained, very thin to thin bedded with
intervening laminated shale.

Grayish orange weathered surface.

3/5 1.55 72.01 Dolomite, medium gray, microcrystalline,
thin to medium bedded with occasional
laminated beds.

Current laminated; ripple marked; yellowish
gray to grayish orange weathered surface.

SMALL TFAULT

2/1 0.48 72.49 Sandy dolomite, medium gray, verv finec
grained, very thin bedded with some lami-
nated beds. Glauconitic sandstone, medium
grained, very thin bed in the wmiddle.
Current laminated. Yellowish grav to
grayish orange weathered surface.

2/2 0.20 72.69 Sandy dolomite, medium gray, very fine
grained, thin bedded.
Lenses of pure guartz 3 - 5 cm. thick,

yellowish gray weathered surface.
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2/3

2/4

2/5

1/1

1/27‘:

1/3

0.25

0.18

1.85

1.25

72.

73.

76.

94

12

.97

35

Sandy dolomite, medium gray, very fine
grained, very thin bedded.
Current laminated. Sandstone stringers.

Sandy dolomite, medium gray, very fine
grained, thin bed.
Sandstone stringers 3 cm. thick.

Sandy dolomite, medium grav, very fine
grained, thin to medium bedded with
intervening laminated beds.

Current laminated with altvernate dark
and light laminae. Pure quartz lenses
some up to 10 cm. thick.

Shaly dolomite, medium gray to gravish
blue, laminated to very thin bedded.
Brecciated and shattered fault zone.

Dolomite, medium gray, microcrystalline,
medium bedded.
Brecciated at the bottom whitish gray.

Quartzitic sandstone and delomite, very
fine grained pale brown and greenish
gray.

Fractured, jointed and shattered.

SALTVILLE FAULT
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63%
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60%
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0.33 7.98

23.50 31.48

Top of unit is partly eroded and covered.

Sandstone, grayish red to light brownish,
silty to very fine grained, laminated to
medium bedded, evenly very thin to thin
bedded at the bottom becoming medium bedded
at the top then thin bedded once again.
Occasional laminated glauconitic sandstone;
some bedding planes are greenish grav.
Ripple marks and mud cracks are found
nearly in every bed. Halite castgc; rain
prints; Rusophvcus and Cruziana were found
at the bottom and top of unit. Jointed.

Shaly sandstone, glauconitic, grecuish
gray to dark greenish gray and grayish
red, silty to very fine grained, laminated
to very thin bedded.

107 Shale.

Sandstone, pale brown with dark greenish
gray bedding planes, silty to very fine
grained, thin to mecdium bedded.
Sinusites 2 mm. wide on upper bedding
plane of one bed; jointed.

Dolomitic oolite, light gray with a
greenish gray bedding plane, medium bedded,
grayish orange weathered surface; some
parts are deeply weathered.

Alternate very thin sandstecne and lami-
nated chnle, gravish red, sandstone siit:
to fine grained with occasicral medium
grained glauconitic sandstone. Thin beds
of dolomite and delomitic shale in the
middle, medium to dark gray in color.
Bedding is uniforwm; glauconitic sandstone
increases toward the top, with an increase
in grecenish gray shale.

20% Shale.

Large Rusophvcus were found close to the
top in very thin silry sandstone.

~3
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Thickness Cumulative
Unit In Meters Thickness Descrivotion

58 1.15 32.63 Dolomitic sandstone, medium gray with a
brownish weathered surface, very fine
grained, laminated to thin bedded. Shiny
muscovite on bedding planes.

Planolites, 3 mm. wide, sinuous, on
bedding planes at the top. Current
laminations.

57% 2.45 35.08 Dolomite, sandy, dark gray with a rusty
surface, very fime grained, very thin to
medium bedded, sandstone stringers in
dolomite.

Planolites, 1 cm. wide and more than 5
cm. long on lower bedding plane.

56 1.98 37.06 Sandstone, grayish red, silty to very {ine
grained, laminatred to very thin bedded;
13 cm. of light gray shale in the middle;
sandstone at the bottem is dolomitic.
Dolomitic sandstone fractured.

55 8.80 45.86 Dolomite, medium gray with grayish
orange weathered surface; very fine
grained, very thin to thick bedded;
dolomite is full of sandstone stringers.
Unit is fauited 3.5 meters from the
bottom.
Four horizons of Skolithos 2 mm. wide
and up to 2 cm. long in & medium bed at
the bottom; unit is fractured and jointed.

54% 2.20 48.06 Dolomite and shaly dolomite, light to
medium gray, laminated to thin bedded but
mostly very thin, thin beds in the middle
of unit.

Halite casts some up to 1.5 cm. wide.
Top of unit looks flasered.

53 1.65 49.71 Sandstene, gravish red to pale brown,
silty to very fine grained, laminated to
very thin bedded, bodding planes are
shiny due to the presence o1 mica.
Ripple marked and current laminated.

52 0.80 50.51 Dolomite, medium gray with a grayish
orange weathered surface, laminated to
very thin bedded.

Mostly laminated.
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51« 1.35 51.86 Quartzitic sandstone, pale brown to
grayish red with a grayish orange weathered
surface, silty to very fine grained;
grayish bedding planes, verv thin to thin
bedded.
Ripple marked, currenc lasminated.
Rusophveus found close to bottom.

50 7.50 59.36 Sandstone, and shaly to silty sandstomne,
grayish red, very fine grained, sandstone
is thin bedded in the middle of unit;
shalv sandstone top third of unit. Lami-
nated to very thin bedded. Some sandstone
beds about 50 cm. thick in the middle
are porous.

10%Z Shale.
Shaly sandstcne looks flasered; ripple
marked.

49 2.45 61.81 Dolomitic sandstone, pale yellowish brown
to very light gray, with grayish orange
weathered surface, very fine grained,
medium bedded at the bottom, very thin
to thin at the top.

Ripple marled; fractured and jointed.
Current laminated.

48 6.30 68.11 Sandy delomite, medium to dark gray with
grayish orange weathered surface, very
fine grained, very thin to massive,
bedded; sandstene stringers in dolomite.
Fractured and jointed.

FAULT

47 3.25 71.36 Sandstone, grayish red, silty to very
fine grained, laminated to thin badded
but mostly very thin with shaly bedding
planes, evenly and uniformly bedded.
Ripple marked; mud cracks; [lasered,
halite casts?

46 14.40 §5.7¢ Alternate very thin bedded sandstone and
laminated shale, greenish gray, very fine
grained sandstone.

40 - 507 shale.
Flasered; unit not very well exposed.



Unit

Thickness
In Meters

Cumulative
Thickness

Description

Cov-
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45

44/1

44/2

43

42 %

41

61.20

4.75

2.05

1.63

5.25

1.85

146.96

148.11

152.86

154.91

156.54

161.79

163.64

From the debris it is made up mostly of
very thin bedded alternate sandstone and
shale, mostly grayish red and greenish
gray, probably some dolomite beds.
Ripple marks and worui burrow casts in
specimens in the debris.

Sandstone, light grayish orange, silty

to very fine grained, medium bedded at
the top with very thin bedded medium gray
sandstone at the bottom.

Fractured and jointed; current laminated.

Sandy dolomite, medium gray, very fine
grained, thick to medium bedded, about
3 m. at the top, the unit is deeply
weathered to a dark yellowish orange
color.

Current laminated.

Sandy dolomite, medium gray, very fine
grained, very thin to thin bedded.
Current laminated.

Alternate, very thin bedded sandstone
and laminated shale, greenish gray with
pale brown shiny bedding planes; there
is a pale brown, thin sandstone bed at
the bottom.

Flasered.

Alternate very thin bedded sandstone and
laminated shale, gravish red at top and
dusky yellow at the bottom of the unit;
very fine grained sandstone, evenly
bedded.

Flasered at the top; mud cracks in a red
bed; halite casts bottom of unit in a
very thin sandstone bed.

Quartzitic sandstone, pale yelliowish
brown, silty to very fine grained, thick
bedded at the bottom and very thin to
laminated at the top.

Ripple marked; Planolites 3 - 5 mm. wide
sinuous and straight on boedding planes
of some beds.
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40

39

38

37

36

34

ro

171.34

184.64

211.94

214.

216.

225.

254.

Dolomite, medium gray, very fine grained,
medium to very thick bedded with sandy
bedding planes. The unit beccmes very
thin bedded at the top with sandstone
beds and olomite showing differential
weathering.

COVERED

Sandstone, grayish red to purple, very
fine grained, thin to medium bedded at
the bottom with 5 m. of shale and inter-
vening very thin bedded sandstome at

the top.

Bottom beds are fractured and jointed;
current laminated; planolites on some
bedding planes.

Dolomite, medium gray, ver <:fine grained,
medium bedded; alternate duvcply weathered
and resistant layers. Weathered surface
is whitish; deeply weathered beds are
dark yellowish orange.

Fractured and jointed; some beds show
modular weathering,

Sandstone, grayish to grayish orange
with a dark grayish orange weathered
surface; very fine grained; medium
bedded, looks massive.

Fractured and jointed.

Dolomitic limestone, light to medium
gray, very fine grained laminated to
thin bedded but mostly very thin;
dolomitic limestone i1s interbedded with
sandstone, grayish orange.

Some beds in the unit are deeply
weathered.

Quartzitic sandstone, light to medium
gray, very finc grained, veryv thick to
thick and medium bedded at the top.
The unit is dolomitic at the top.
Fractured and jointed, looks massive.

Dolomite, medium gray, very fine
grained, very thin to medium bedded,
sandstone stringers are abundant.

A Large part of the unit is brecciated
and deeply weathered at the top and
bottom.
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33

32

31

30

29

28

27

26

25

256.09

256.84

257.61

258.54

259.79

260.84

261.89

263.24

264.56

FAULT

Dolomite, medium gray, very fine grained,
laminated to thin bedded at the bottom
and medium bedded at the top with sand-
stone stringers.

Internal dark and light leminations.
Fractured and jointed.

Silty shale, dark greenish gray, lami-
nated, interbedded with very thin bedded,
very fine grained sandstone.

Jointed; deeply weathered top 12 cm.

Shale, grayish red and light greenish
gray, laminated, with 12 cm. of very thin
bedded siltstone.

Sandstone, gravish red, silty to very fine
grained, very thin bedded at the bottom;
unit becomes greenish gray silty shale,
laminated top 38 cm. Sandstone is inter-
bedded with grayish red laminated shale

407% Shale.
Ripple marked, mud cracked.

Sandstone, grayisih red, very fine grained,
very thin bedded alternating with shale

at the bottom; unit becomes greenish gray
and more shaly at the top.

307% Shale.

Flaser bedded.

Shaly siltstone, greenish gray mottled
with grayish red, very thin to laminated;
deeply weathered and grayish red at the
top.

Ripple marked, mud cracks.

Shaly siltstone, gravish red, laminated,
deeply weathicred at the top.

Siltstone, grayish red at the bottom and
dusky yellow to moderate brown at the

top of unit, laminated to very thin bedded,
with greenish gray bedding planes.

Ripple marked; current laminated.

Sandstone, grayish red, very fine grained,
laminated to medium bedded; upper 50 cm.
are silty shale.

Mud cracks; current laminated. Jointed
and fractured.
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24 1.83 266.39 Sandstone, grayish red, silty to very
fine grained, laminated to very thin
bedded; shaly bedding planes, silty shale
top 50 cm. of unit.

Ripple marked, mud crack polygous 25 cm.
across associated with hzlite crystal
casts up to 1 cm. wide. Worm tracks %

cm. wide and about 5 cm. long and

straight.

23 1.58 267.97 Silty sandstone, grayish red very fine
grained, laminated; silty shale lower
38 cm.
Current laminated, flaser bedding mud
cracks.

22% 2.48 270.45 Sandstone, grayish red, very fine grained,

very thin to medium bedded at the bottom
becoming laminated at the top; sandstone
becomes shaly top 50 cm. of unit.

Ripple marked, halite c¢rystal casts and

molds on bedding plane close to the top.
Nearly every bed has mud cracks.

FAULT

21 4.25 274.70 Sandstone, grayish red to purple, very
fine grained, very thin to medium bedded,
looks massive.

Current laminated; Planolites on some
bedding planes are abundant 2 cm. wide
straight and sinuous; worm tracks of the
same size.

20% 1.27 275.97 Sandstone, medium gray to grayish orange,
very fine grained, very thin to medium
bedded at the bottom.

A 12 cm. thick siltstone bed at the top
is completely burrowed with Sinusites.
Sinusites also below this bed.

19 2.20 278.17 Dolomite, medium to dark gray, very fine
grained, thick bedded at the bottom and
medium bedded top of unit.

Current laminated; looks modular
fractured and jointed.
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18 2.38 280.55 Declomite, sandy, light to medium gray,

very fine grained, very thick at the
bottom to very thin bedded and shaly at
the top.

Sinusites on bedding plane of one bed.
Shattered jointed and f{ractured.

17 6.90 287.45 Dolomite, medium gray, very fine grained,
very thin te thick bedded, bluish gray
bedding planes; top cf unit deeply
weathered; some beds are laminated due
to differential weathering due to the
presence of sandstone stringers; bottom
beds are sandy and laminated,

Mud cracks in a thick dolomite bed.

16 0.86 288.31 Sandstone, grayish red, very fine grsined,
laminated to very thin bedded, shaly
bedding planes.

Ripple marked, mud cracks nearly in
every bed.

15 2.60 290.91 Dolomite, sandy, light to medium gray,
thick to medium bedded at the bottom
becoming verv thin bedded at the top.
Current laminated fractured and jointed.

14 1.15 292.06 Sandstone, dolomitic, very fine grained,
light grayish with grayish orange
weathered surface.

Unit is massive, fractured; fine internal
laminations probably algal.

FAULT

13 3.85 295.91 Dolomite, light to medium gray, very {inc
grained, thin bedded at the bottom and
medium bedded at the top; weathered sur-
face is grayish white; unit is deeply
weathered in the middle.

Current laminated.

12 8.78 304.69 Dolomite, sandy, medium to dark gray,
very fine grained, medium to thick bedded,
weathered surface is grayish white.
Fractured and jointed, unit may be
faulted close to botrtom.
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11% 4,00 308.69 Dolomite, sandy, medium gray, very fine
grained, laminated to medium bedded, sand-
stone stringers in dolomite beds occasional
laminations between beds.

Rusophvcus and Cruziana; ripple marked,
micro cross-bedding.

10 3.00 311.69 Siltstone, calcareous, grayish white to
light gray, laminated to thin bedded;
weathered surface grayish orange; some
horizons in the middle and top are deeply
weathered; limestone bed 12 cm. thick in
the middle.

Fractured and jointed.

9 2.40 314,09 Sandstone silty, gravish white at bottom
to pale brown at the top, very fine grained,
very thin to thick bedded; greenish gray
bedding at bottom while at the top they
are grayish red; dolomitic sandstone beds
in the middle.
Mud cracks abundant in beds at the top
of unit.

8% 5.07 319.16 Silty sandstone, gravish red, very fine
grained, laminsated at the tcp to thick
bedded at the bottom; laminated shale
top 50 cm.

Ripple marks and mud cracks nearly in
every bed; halite crystal casts; current
laminated.

7 2.48 321.64 Shaly dolomite, medium gray, laminated,
looks massive.
Current laminated.

6 3.85 325.49 Calcareous siltstone, pale vellowish
brown, medium bedded at the bottom,
becoming very thin to laminated at the
top; some beds at the top are deeply
weathered.

Some beds are porous.

5 1.30 326.79 Calcarcous siltstone, grayish red at the
top and pale yellowish brown at the
bottom, thin to medium bedded.

Current laminated; f{ractured and jointed.



Thickness Cumulative
Unit In Meters Thickness Description

4 2.20 328.99 Sandstone, silty, grayish red, very fine
grained, thin to medium bedded; grayish
red shaly bedding planes.

Mud cracks on some beds.

3 0.68 329.67 Shaly dolomite, medium to dark grey, very
fine grained, laminated with a 10 cm.
dolomite bed at the bottom.

Jointed.

2 2.82 332.49 Calcareous siltstongz, grayish red, medium
bedded at the bottom beccming laminated
shaly siltstone at the top.

Current laminated.

1 1.75 334.24 Calcareous siltstonz, grayish red, lami-
nated to thin bedded; a horizon 25 cm.
thick is duskv yellow and deeply weathered
at the top.

Fractured and jointed; axis of anticline.

? COVERED

DUMPLIN VALLEY FAULT
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Pumpkin Valley Shale and the top of the
Rome are not exposed in this secticen.

40 3.00 3.00 Sandstone, grayish orange, very fine
grained, laminated to vetry thin bedded.
Folded.

39 2.40 5.40 Sandstone, dark yellowish orange, very

fine grained, very thin to thin bedded.
Competent.

38 2.75 8.15 Sandstene, olive gray very fine grained
very thin bedded.
Beds are competent.

37 2.05 10.20 Siltstone, grayish orange, thin bedded
at bottom becoming laminated and uncon-
solidated at the top, some siltstones
have a limonitic color.

Reddish clay very thin beds at the top
are probably due to weathering of
carbonate beds.

36 2.40 12.60 Sandstone, grayish red to purplish,
very fine grained, very thin to medium
bedded, some beds are light grayish
orange with purplish surfaces.
Fractured and jointed. Unit is competent.

35 1.50 14.10 Alternate laminated shale and very thin
bedded sandstone grayish pink with a
brownish weathcred surface.

FAULT

34 0.75 14.85 Sandstone, silty, gravish red, very
fine grained, thin bhedded.
Fractured and jointed.

33 3.55 18.40 Alternate laminated shale and very thin
bedded very fine sandstone dark greenish
gray; sandstone becoming thin bedded at
the top and grayish red.

Glaueonitie leminations in siltstone beds
at thlie bottom.
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Dolomitic conglomeritic oolites, light
gray, medium bedded with few very thin
and thin beds. Pebbles are very fine at
the bottom becoming larger at the tob.
Differential weathering in which the
pebbles stand out. Cross bedded. ©Unit
is glauconitic.

Alternate very thin bedded siltstone and
laminated shale, greenish gray.
Siltstone beds have a limonitic surface.

Glauconitic siltstone and very iine
sandstone, dark greenish gray, very thin
to thin bedded.

Shale, dark greenish gray, thinly lami-
nated.
Flakey.

Glauconitic siltstone, dark greenish
gray, very thin bedded.
Pale brown weathered surface.

Shale, greenish grav, thinly laminated
bottom 50 cm., interbedded with pale
reddish brown, very thin bedded silt-
stone at the top

Shale is flakey and {riable.

Glauconitic siltstone, dark greenish
gray, thin bedded.
Weathers to olive gray color.

Alternate laminated shale and very thin
bedded siltstone, medium gray. Some
beds have abundant glauconite.
Glauconitic laminae in siltstone beds.
Organic structures masked by folding
and contortion.

Shale, medium gray, thinly laminated
with a 10 c¢m. thick siltstone bed at
the top.

Shale is nearly slaty; fractured.
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23%

21

20

19

18

17

16

15

14

13

6.60

3.25

0.90

3.75

0.75

0.90

0.20

0.50

0.65

0.55

37.05

40.30

41.20

44.95

46.60

46.80

47.30

48.50

49.25

Siltstone, dark yellowish orange, very
thin bedded with laminated shale and
occasional thin siltstone beds; iight
greenish gray bedding planes.

Glauconitic laminae in some beds. Some
beds weather to a limonitic color. Folded
and contorted. Possible bedding plane
faults.

Siltstone, grayish orange, very thin
bedded.
Weathers tc a limonitic color.

Siltstone, light grayish oransge, thin
bedded.

Weathers to a brownish limonitic color.
Fractured.

Siltstone, gravish orange, very thin
bedded with laminated shale.

Weathers to a limonitic color. Partly
covered.

Siltstone, light grayish orange, very
thin to thin bedded.
Weathers to olive gray color. Fractured.

Siltstone, grayish orange, very thin
bedded, with occasional laminated and
thin beds.

Fractured and jointed. Small syncline.

Siltstone, grayish red, laminated.

Shale, light greenish gray, thinly
laminated.

COVERED

Siltstone, grayish red, very thin bedded
with occasional laminated shale.

Alternate laminated siltstone and shale,
grayish blue green, with occasional

pale red siltstone with limonitic
surface.

Alternate very thin bedded grayish red
siltstone and laminated greenish gray
shale.
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? COVERED

12 1.50 50.75 Siltstone, pale yellcwish brown laminated
to thin bedded, with very thin beds at
the top and limonitic surfaces.
Fractured and jointed.

11 0.30 51.05 Alternate laminated siltstone and shale,
grayish red.

Shale is flakey.

10 0.63 51.068 Siltstone, dark yellowish orange, wery
thin to laminated, with light preenish
gray, laminated siltstone,

Fractured.

9 0.25 51.93 Siltstone, light greenish gray, laminated,
friable with limonitic surfaces.

8 1.00 52.93 Siltstone, light brown, thin bedded at
the bottom becoming very thin bedded and
then laminated at the top with a change
to purplish color.

7 0.30 53.23 Alternate laminated, siltstone and sand-
stone, light brown.

6 0.75 53.98 Siltstone, light brownish, laminated to
very thin bedded with occasional, gravyish
blue green sandstone laminations.

? COVERED

5 2.00 55.98 Siltstone, varicolored with grayish pink
to very pale orange to white, laminated
to very thin bedded.

Iron oxide band folded and distorted at
the top of unit.

4 0.03 56.01 Iron oxide band, silty, limonitic color.
Fractured, folded and faulted.

3 3.50 59.51 Siltstone, varicolered, laminated to v
very thin bedded.

Laminae are clear due to the different
colors.

2 0.13 59.64 Iron oxide, silty, thin bed, hematitic

and limonitic colors.
Fractured.
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1 0.75 60.39 fudstone, light greenish gray, to vari-

colored at the top, laminated.
Laminae are clear due to change in
color.

COVERED

DUMPLIN VALLEY FAULT
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