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The Geoclogy of the Clendening Creek Area,

Giles County, Virginia.

Location of Area.

The Clendening Creek area occupies fifteen square
miles on the northern side of ¥ew River, upstrecam from the
town of Ilarrows, in Giles County, Virginia. The areca {cuches
the Virginia - West Virginia boundary line along its north-
western border. The region is of interest as a typical
section of the valley-ridges of the Newer Appalachians in
wiich the folds have been overturned and thrust faulted.
Three miles north from its northwestern boundary is the Alle-
gheny escarpnent and the Appélachian plateau with its nearly

horizontal strata.

e Appalachian Highlands.

The Appzlachian Highlands of which the Yewer Appala-

chians forms a province embraces the eastern section
' ‘ extent

of Horth America from Canada to Alabama and from the
Atlantic coastal plain to the Mississippi lowlands. *Within
this highland occur four long northeast by southwest prov-
inces which differ in structure and topography.

: . nrovinces
From east to west these are, the Piedmont Province,
~ the Blue Itidge Province (the older Appalachians), the Appa-

lachian Valley Province which includes the valley ridge

topogranhy (the newer Appalachians), and the Appalachian



letecaus Province.,

s

The Appalachian Valley.

The Appaiachian velley iz characterised by two dis-
tinct types of topography, the great valley and the valley
ridze. Within the great valley district limestones controi

the topography, while further west (since folding

_ topograpny
was 1nsufficient fo bring these older limestones

entirely to the surface) younger and more resistant rocks
outcrep in alternating narrow ridges and valleys which termi-
nate abruptly in the Allegheny escarpment against the

Allegheny Platesu.

Drainarge.

Fiew River, which drains this section of Virginia,
rises in the high ridges of the Appalachians in Horth Carc-
lina and flows westward into the Ohio. 1In its lower course
it is known as the Kanawha.‘ Just north of Narrows. the
river cuts through the Allegheny front and flows into West
Virginia in a steep valley. 1In the Clendening Creek area it
has broadened its valley and flows parallel tc the ridges.
For its size the river has few tributaries, Clendening
Creek being the principal within the area mapped. Volfe
Creek, which enters it at Narrows, is the largest in the
immediate vicinity. WNew River receives o great deal of 1ts

supply by underground drainage through the limestones.

1 _
M., M. Fenneman: Physiographic Divisions of the United States.
Annals of the Association of American Geographers, volume VI,
1916, pp. 46-57.
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Physiogrephy.

Thysiographic Control.
The physiographic features owe their origin
] structure
to wic formaticn and dissection of three peneplain and
erosion
suriaces which have been developed upon a structure
oI over-turned folds and thrust faults. The more resictant
sirate remein as monadnocks above each successive erosion
level, the resistance of the residual of erosion being in-
versely related to the amount of peneplanation. Since no
dizztirophic movement occurred during Cretaceous time tc
retard the production of a fully developed erosion level,
peneplanation was accomplished across the most resistant
almost as well as upon the least resistant of the
Cretaceous
streta. Tew monadnocks rise above this level of peneplain
peneplanation. The nearest to the Clendening Creek area
are Buite Hountain six miles, and Salt Pond Mountain twelve
miles to the southeast. These rise to altitudes of 4185
feet and 4348 feet, two hundred and five hundred feet above
the general level of the peneplaned surface in this vicinity.
The second, or Tertiary, period of erosion
Tertiary
was interrupted tefore it could dissect the former peneplain
ploned surfaces of the most resistant strata, the Clinch
and Rockwood formations. The other formations, however,
were reduced to a second plain, eight hundred to one thou~’
send feet below the remnants of the first.
The third, or post-Tertiary, erosion cycle
post-Tertiary

continued before another uplift occurred only long peneplain

’ \
enoushh to reduce the least resistant strata five hundred
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feet below the level produced in Tertiary time. As the up-
1ift progressed coarse gravel derived from Cambrian rocks
0f the Piliedmont Province were brought by the ac-

post-Tertiary
celerated river and strewn over the post-Tertiary gravel
erosion surface. Since this uplift, the last for which evi-
dence is piven in the ares, ¥Wew River has cut down three
hundred to four hundred feet and has locally been able to

prooden its course and develop small flats wherever softer

rocks outcrops upstream from a barrier of resistant rock.
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Since each of these erosion levels has been less
extensively developed than the one preceding, the
present cx-
remnant of each is easily visible (fig. 1). The pression of the
renenlains
Cretaceous peneplain now at elevations of thirty-
one hundred to thirty-four hundred feet in this vicinity is
represented by the uniform level of the Clinch and Rockwood
"ridres such as Peters Mountain and Angels Rest. The Tertiary
peneplain at elevations of twenty-three hundred to twenty-

five hundred feet shows forth as the mountain spurs of Giles

on the southeastern slope of Peters Mountain and as the hog-
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along the sides and between the hogbecks znd spurs, and by

the Shenandoah limestone where it cutcrops on the upthrown

ide o¢r the fault which cuts through the Clendening Creeck

1

I3

<

area., The flats of the present cycle occcur at elevations
of fifteen hundred to sixteen hundred feet (aresal map,

structure sections plates X, XI).
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Physiographic Character of the Formations

within the Clendeﬁing Creek Area.

.

The Clinch and Rockwood formations occupy

' _ ridges o’

the points of highest elevation within the Clenden- Clinch ans
Rockwood

N
2

(4

Creek arsa. Thelr areal position is marked by

long ridges at elevations of thirty-one hundred to thirty-
four hundred fect, trending northeast by southwest with the
strixe of the strata. Ridges of this type are Angels Rest,
gouth of the MWew River, Bast River Mountain, and Peters
liountain, which Wew River parallels before swinging abruptly
north into the water-gap. The river flows almost due north
in the water-gap near Marrows, cuis through the folds and
separatecs the Clinch-Rockwood ridge into Petcers lMHountain on
the east and Dast River Mountain on the west. Here in the
stream-bed rapids show the line of outcropping Clinch, and
it is in this area that the smallest width and the

Clinch
createst relief of the gap occur, rapids

“oters lMountain hags its more gentle slope towar

Lne¢ southeast, which.is very nearly a dip slope TPevers iIt.
repetition of
{plate XI, nos. 1,2 ).. The northern slope is its topograpny

that of an abrupt escarpment. Angels Rest presents similar
topozraphy, and on account of the cxtensive faulting and
folding of the strata the pattern is repeated again and
again in thig section of the Appalachians.

Tlanking the southern side of Feters lMountailn are
‘many spurs formed because of the resistant character _

mountain

of the sandstoncs of the upper Giles. These spurs spurs of

Gilec
sre separated one from another by deep, norrow, pre-
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secparated from the upper siope of

Peters ilouniein by narrow cols of lower CTiles. ‘“Jeathering

[S]

has here reduced the lover Ciles so littie taoat

{s)

it are nunerous upon the high Rockwood slopes within a Jew

& it

feet of the swmit of Peters ountain {areal map , plate X

Another = ““—rupblc exnression of the Giles
savl~tcC
is that of mature mountoins. These are chown in the ridgen
J...A.eﬁ

{0 et

well developed ridges of twenty-one hundred feel ele-

Jr.

vation which trend parallel 1o Peters Ilountain

o
}_f.
ot

from 1t and iis spurs by a aarrow valley develope

-
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the easily ercded Romncy shale., IT is on account the Iloru
cf the position of the shale north of these ridges that the

Giles has here been sculptured into mature mountains (struc-

ture section, plate XI ). As in the case of Peters Mountzin
tlie southern slope is pentle winile the northern is very steep
Wherever the dolomites of the Shenandoah
lowlands ==
outcrop, o rolling topography has been develoned. ridges of t

Shenancool
Sink noles often occur, but the limesione is noet

of a nature to permit the development of Farst topography.
The onlv elevations of any note within this formation arise
where layers of white chert give a greater resistance 1o
crosion., The bluffs along the Yew River and the low hills

east of Clendening Creelk give expression to this cherty

&y
]

rizon. Several of the hills east of Clendening Creek are

copped by the post-Tortiary gravel.
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Looking north from Peters Nt.
the upper level of the
Cretaceous Peneplain, and the lower ridges of the lertiary.

i B i — —_— S |

Giles Ridge,No.9,and a Spurs of Giles
valley 1in the Romney. Looking east along the
flanks of Peters Mt.
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The Narrows Angels Rest and New River
Looking toward the town
of Narrows from Nc.7
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Rapids of Clinch guartzite
Narrows,Virginia
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Paleozoic Strata
in the -
Tarrows Section.
I
e iock | Formation
|

Structural ocutcrop

Topographical outcrop

Center of the Valley hetveen
% Ronmney Peters lMountoin
.i syncline and saw-teeth
£
9 Both limbs of Spurs and saw-teeth
A Giles south of
| sand- the syncline Peters Jiountaln
¢ |stone| Rockwood , Surmit of Peters
o Hountain. Rapids
ﬁ Clinch Western ol the water-gav
ks
| Bays limb of the Torthern slope of Peters
. Bevier syncline Mountain. In the
et Ifoccasin water-gap 2 miles
i
a5 Chick- north of Marrows
T ilime- amaunga
o Agalinst the In the water-gap 2
© -
i . |stone
2 Shenan- fault planes on miles north of Narrows
| doah )
} the upthrown side | At ¥arrows. In XYew River
.,. N
4 Valley cast of Harrows
K ey . . -
2 |shelel Russell (Eggleston, Virginia)
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Descriptive Geology.

The structural position of the Narrows section,
upon one of the major fault blocks of the Valley Ridge dis-
trict, permits'a ten thousand foot succession of lower and
middle Paleozoic sediments to outcrop within its compara;
tively small area. The strata represent the late Cambrian,
thetd}dovician, the Silurian, and the lower Devonian (chart
page 8 ). The upper Paleozoic strata have been entirely’
eliminated by faulting and erosion.

The fault block embraces a section of an over-
turned-syncline. The greéter portion of_the‘overturned 1iﬁﬁ
is cut off, or hidden by the Clendening Creek fault-plane
which allows only the Devonian strata with occasionally a
narrow strip of upper Silurian to appear in the overturn
(fig. 3 page 10 ). The area is particularly fortunate in
the number and conspicuousness of outcrops. Where FNew River
cuts through the étrata north of N&frows the entire success-
ion frdm the upper Cambrian to middle Silurian is exposed
in cross-section, with comparatively fresh exposures in the

cutg of the Virginian, and Norfolk and Western Railroadé.
The streams on the southern slope of Peters Mountain have
exposed Devonian strata in cross—sectidn. The steepness of
their valley walls prohibits vegetation from covering the

outcrops.

The strata are all sedimentary in origin, but show

- the effects of pressure by their lack of bedding plenes and

hard crystalline character. High river gravel of post-

Tertiary age, and recent alluvium are numerous (areal map).
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Cambrian.

No formation wholly of Cambrian age oceurs in this
vicinity. The nearest is the Russell shale along the Giles-

Pulask, county boundary, twenty miles to the south. Only

"the latest Cambrian member of the Shenandoah is exposed since

its younger horizons together with the other Cambfian forma-

tions have been covered by faulting and have not as yet been

exposed by erosion.

Cambro-Ordovician.

Strata of late Cambrian and Ordovician age outcrop
on the southeastern sides of the faults north and south of
Peters Mountain. Outcrops are well exposed along the Virgin-

ian Railroad two and one-half miles north of Narrows, along

the Norfolk and.Western Railroad:directly north of the. towm,

and in the railroad cuts along the bluffs of New River be-

tween Narrows and -Pearisburg.

The Shenandoah formation comprises a series of

heavy-bedded,. finely crystalline dolomitic limestones with
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layers and nodules of chert. The formation save in
: Shenandon!

he road-cuts has few outcrops indicated, but its
existence is determined by a covering of residual chert.
The total thickness of the horizons exposed in this area is

779 feet, The lower horizons have been faulted out.

Qrdovician,

Strata of Ordovician age outcrop on the lower
part of the northern slope of Peters Mountain. The Ordovi-
cian system in this area contains a series of limestones
grading into_alternating shales and limestones in the upper
Ordovician., The series embraces the upper horizon of the
Shenandoah dolomite, the Chickamauga and Moccasin limestones,

and the Sevier shale. All horizons are well exposed along

the rozd and railroad cuts in the water-gap north of Narrows.

In contrast to the Shenandoah the Chickamauga

comprises a series of fairly pure limestones, finely
‘ Chickamauga

grained and highly crystalline. Its base i1s marked
by a layer of chert breccia, The limestones are obliquely
jointed and contain many fossiliferous horizons. The total
thickness of the formation in this area is about B00O feet.

The Moccasin formetion contains limestones
Loccasin

less crystalline and more shaley in character than

those of the Chickamauga and lacks the characteristic oblique

joints of that formation. Its base is marked by ‘an horizon

of mud breccia, and its top by alternating shales and lime-
stones whose thickhesses vary from one to seventeen feet.
The formation is characterized by many thin horizons of litho-

graphic limestone. The total thickness is 375 feet.
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The Sevier formation embraces a serieg of alternat-
ing shales and limestones. The shale predominates and
: Sevier
veries from calcareous at its base through arpgillaceous
to sandy. Its upper portion is almost 2 sandstone. The lime-
stones are blue and crystalline and occur in thin leyers which

contain characteristic Ordovician fossils. The thickness of

the formation in this vicinity isg 1337 feet.

Silurian, ' (

Sfrata of the Silurian ocecupy positions on the
crest énd higher slopes of Peters Mountain. They are well
shown 1n cross-section in the railroad quttings of the water-
gap. The Silurien system;in this area embraces a series of
three alternating red and white sandstone formations, the

Bays, the Clinch, and the Rockwood.

The Bays formation-contains a series of dark red to
purple ferruginous sandstones which ere shaley in charac-
ter toward the top end bottom of the formatioh and peve
quartzite toward the center. W¥any horizons contain character-
istic green patches of unoxidized iron. The thickness is 318
feet.

The Clinch is composed of quartz sand and fair-
sized quartz pebbles cemented by silica and iron oxide

Clinch
into & resistant quartzite. Its thickness is 140 feet,

The Rockwood includes a succession of dark red fer-
ruginous quartzitic sandstones which grade into pink

Rockwood
and gréy quartzites. Its thickness is 293 feet.

o
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Devonian.

The lowegt strata of the Devonian form the spurs
and saw-teeth. The remaining Devonian strata in the Clenden-
ing Creek area occur between the spurs and saw~-teeth in the
longitudinal valley which is the center of the Clendening
Creek syncline. The Devonian strata represented in the area
include the white sandstone of the lower Giles, the ferrugi-
nous guartzitic sandstone of the upper Giles, and part of
the wide-spread Romney black shale formation.

The Lower Giles includes the series of the
white to buff, soft to semi-quartzitic sandstones of

the Giles formation. These are fine-grained with occagional
' !

streaks of hematite and limonite. The thickness is 146 feet.

Toward its base the Upper Giles contains a

chénging toward the top to resistant, ferruginous, guartzite.
It varies from red to purple and may be easily confused with
the Rockwood quartzite. Two layers of chert silicified from-.
limestone bound this formation. The thickness between the
chert layers is 114 feet,

The Romney is composed of extremely uniform black
fissile chale with a lenticular basal conglomerate.

Romney

This conglomerate contains fragments of Clinch, Rock-
wood and Giles in a highly hnematitic matrix. The fragments
vary in size from a few inches to more than a yard in diam-
eter. The larger fragments are distinetly joint blocks with

rounded corners. The contact was traced from the eroded sur-

face of the Giles into the shale where it grades into a shale

Lower Cillecs

Upper Giles
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‘worn pebbles of a metamorphic quartzite which occurs in the

unassorted gravel into

I ———

-]

conglomerate. Its contact with the black shale is sharply

defined. The thickness of the Romney in the Clendening

Creek area is not determinable on account of its position

and distortion within the center of the syncline.

Fost-Tertiary.

Upland gravel of post-Tertiary age caps some of the
hills of two thousand feet elevation. The gravel is

gravel
coarse and unconsolidated, composed of many flat water-

Blue Ridge Province.

Recent.

Alluvial fans of fairly recent gravel occur along

ew River. The material varies from extremely coarse

gravel and
the fine river alluvium of the alluviunm

New River flood plain. The fragments are derived from the

rocks of the vicinity.

For detailed descriptions of all formations see

the Appendix.
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Structural Geology.

A similarity of structure is present in’

' o Appalachian
the various divisions of the Appalachian High- Highlands
lands. 1In each long parallel folds trend northeast oy south-
west. The intensity of the deformation, however, varies in

the several districts.

Tor structural purposes the Appalachian
structural
Highlands may be divided into four distinct dis- ; districis
tricts, each possessing a variation of thé norfheast by south-
west folds peculiar to itself. - These districts are ag follows:
"l. District of open folding: A;legheny region of
Pennsylvania and West Virgiﬁia.
2. District of close folding: Appalachian Valley.
- 3. District of folding and faulting:» southern Appo-
lachian .region of Virginia, Tennessee énd Georgla.
4. Districts of folding with schistosity: Smoky
Mountain region."1 (plate no.IV.)
The prevalence of the major structural feature, the
‘northeast by southwest folds, and therdistinct grouping of
the variations into these well defined divisions suggests a
unity of cause throughout hut with different condi-tions in
“the several districts. Ixamination of the stratigraphy shows
the Cambfian and Ordovician limestone formations to be the‘
most constant and dominating strata of the entire region, and
~that the shale - sandstone formations of the upﬁer Paleozoic

have a wide range of variation.

1. , .
Bailey Willis: Mechanics of Appalachian Structure. United

States Geological Survey; Thirteenth Annual Report, p. 224,
1891.
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Limestone is of all the sédiments the
structural
most competent to 1ift load and develop folas. significance
of strata
There 1s a distinct ratio bvetween its abkility to
fold, or to break, and the weight of the overlying moterial.
If the Iimestone supports a heavy load folds will develop,
but, on the contrary, if lightly overlaid breakage and
e ‘ . . T S

faults will occur at an early period of folding. On this
account the stratigraphic colunn mey be divided for structiu-
ral purposes inio the lower Taleczoic limestones, and the
upper Paleozoic shales and sandstones. It is the relative
thickness of the shale-sandstone gseries in the several dis-
tricts that appears to determine the position of the dis-
tricts of open folding, close folding, and folding with
faulting. The shales ond sandstones have & progressive
decrease in thickness in ratios to the progression of the
folds through open and close to faulted. The thickness of
the strata between the limestones and the coazl measures va-
ries from more than 21,500 feet in Center County, Pennsyl-
vania to not over 7,000 feeit in the district of faulting
. N iy 2
further to the south.

Within the vicinity of Clendening Creek the thick-

‘ness in feet is as follows:.

Ordovician shale 1300
Silurian sandstone 750
lower Devonian sandstone 260

1.
Bailey Willis: Geologic Structures, v. 85b.
liechanics of Appalachian Structure. Unitead
States Geological Survey; Thirteenth Annual Report, pp. 226-
230, 1891.
2. Zailey Villis: llechanics of Appalachian Structure. United
States Geological Surveys; Thirteenth Annual Report, p.=2635,
1891.
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upper Devonian sandstone (approx.) 28002

7560

Development of & break ‘\m_wnf)‘—‘

Qppalaehian Ty pe.

W
n% [} 3.

Pocanontas folio,
Tazewell "

2. Pocahaontas "
Tazewell "

no. 26, Virginia-West Virginia. 400~600
" 44, " " " 300-500
" 26, " " " 3000-3250
" 44, 3] n 1]

2000-3000

3. Mo&-&}\-crx l‘vn\m AW Orae an | (ﬁao\ea\l\g Qlvruclures ‘F\‘u\.bn \,‘%b .



I

I ——————

=18

Appalachian Thrusts.

In the Valley Ridge district the foldslimmedi-
ately before they straighten out into the Appalachian Plateau
are overturned and cut by great thrusts. Both overturning
and thrusting took place toward the west, causiﬁg the anti-
clines to move along the upthrust and the synclines along
the downthrusf. Whatever northwest dips were originally
there have béen obliterated and an isoclinal structure hav-
ing about 500 dip remains with only an occasional syncline.
Because of the erosion of the overthrust anticlines no out-
crop of anticlinal structure occurs, although such structure
proﬁably exists at some level not yet exgq%ed by erosion.

The district of thrusts is 450 miles long. The thrusts are
numerous, parallel to each other, and very persistent through-
out the entire region, the longest being 375 miles. The
blocks between the thrusts vary from five to ten miles in
width and contain strata varying from Cambrian age on the up-
thrust side of the fault plane to strata as late as the Car-
boniferous system on the downthrust side. The strata along
the planes are never more than slightly thinned or schistose.l

Two of the major thrusts of the Appalachians cut
through the Narrows region on either side of Peters lMountain.

These faults have brought to the surface rocks of

thrusts of
Cambrian age and have eliminated all anticlinal the Narrows

. _ section
structure. The fault block is approximately six

miles wide and contains part of an overturned syncline with a

succession of strata from upper Cambrian to mid-Devonian.

1. |
Bailey Willis: Mechanics of Appaslachian Structure. U. S.
Geological Survey; Thirteenth Annual Report, pp. 268-269,
1891. : ‘
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The thrust north of Peters Mountazin 1is

thrust north

well observed along both the Virginian and Norfolk of Peters

and Western railroads. This fault has brought the

~ Shenandoah on the upthrust next to the Carboniferous Kimber-

ling shale. Since the Shenandoah is more resistant than

these shales there exists a fault scarp of about 100 feet.
The strike of the fault is north 750 east by south 750 west,
the dip is approximately 550, gouth 159 east... The shales on
the downthrust appear to be horizontal, but two miles west
at the Allegheny escarpment the strata suddenly become ver-
tical, and the shales next the fault plane are shown to be
the recumbent portion of the underthrust syncline'(fig.é. )
The displacement'may be approximated by calculation of the
thicknesses of the strata which lie between those horizons

of the Slenandoah and Kimberling represented at the fault

line. They are as follows:

Mountain
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Cambro-Ordovician strata 4000 feet

Ordovician u 2500
Silurian ' " 700
Devonian " 5500

12700 feet, or
2.4 miles.

The fault which cuts the Clendening Creek area,
south of Peters Mountain brings Cambrian in con-
tact with Silurian and Devonian strata. The Cgézidggigi
strike of the fault is north 60° east by south 60° west and
that of the overturned strata north 700 east by south 700
west. Thus as the fault line progresses ndrtheastward the
Shenandoah is brought in contact with successively older
rocks. Toward the northeast the fault branches into sev-
eral minor faults. The angle of dip of the fault is small,
and although no measurement of it could be taken the wide
scattering of fragments of the Shenandoah chert gives evi-
dence of this and enables thelline to be mapped within a
few rods of its actual position.

The Romney shale along the fault plane is exposed
in the road cut two and one-half miles east of

fault zone

Harrows. The shale is here mashed and philli-~ in the Romney
tized. The reason for its reappearance south of the Giles
ridge igs the thrusting which has prdéduced an updrag with a
pronounced drag fold in the overturned portion of the for-
mation. This drag fold is here apparent because of the

relation of its outcrop to that of the Giles sandstone.

The Giles at this point bounds it on three sides (areal map,



]l

plate X, 5.W. section). Drag folds of this nature, since

they always point in the direction of the crest of the great

anticline, are often of great value to determine the posi-

tion-in a fold of a group of strata.l

it . fhamanmdoaly

DRé(g OS'_\\\Q. Ro'ﬂ\‘ﬂ.tl{ Qh\'\l\q._ &\ow\\ N\%e
Q\L'\-\Aqml.w\c\ CQree¥ %}.u.\\' \a\'a-ng_

The Peters HMountain fault block exposes a section

of an overturned syncline. The center of the

: . Clendening
syncline is occupied by the Romney shale which

trends north 70° east, south 700 west through the Clendening

- Creek area (areal map). The western 1limb includes rocks

from late Cambrian to early Devonian, but the eastern and

©overturned limb exposes only upper Silurian and Devonian

sfrata. The older rocks of both limbs are cut off by the
faulting, but underly the surface and increase and finish
their synclinal strucﬁure with the southwestward progression
of the fault planes. The greatest amount of éverturning of
thé‘syncline within the Clendening Creek area is toward the
western boundary, neir the eastern the strata are more nearly

vertical (structure sections, plate XI).

e T e S e

1 i . .
Bailey Willis: Geological Structures,.p. 67,

Creek syncline
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Historical Interpretations.

Lower Csmbrian, or Pot¥sdam.

In western Virginia the lowest Cambrian member

which outcrops is the Russell formation. Its
, . Russell

base has not been exposed and so whether or not formation
this formetion is the basal member of the Combrian is not
known. Ifovement along the main axis of the Appalachian
folds probably started during pre-Cambrian time, producing
a great geo-syncline. Into this trough sediments were
wasned from the land. Appala¢hia, the continent which bor-

dered the eastern shore of this epeiric sea, is believed to

be the chief land-source of the sediments.

Cambro-Ordovician, or Beekmantownian.

Along the Giles-Pulaski County boundary the shale

menber of the Russell formation is exposed in

: Shenandoahn
contact with the Shenapdoah limestone. The abrupt limestone
stratigraphic break from a shale to a limestone found here
gives evidence of. change from muddy to clear water condi-
tions favorable to the growth of lime-sécreting organisms.
(fig. 8 page 23). This continued for a long period of time,
for the thickness of the limestone in Virginia is between
two and three thousand feet. This great deposit of lime-
stone is cited by Chamberlin as a probable cause of the
uniform climdte-existing during this period over such exten-

1
sive latitudinal area. The nigher beds of the Beelkmantown-

1.
T. C. Chamberlin: Influence of Great Tpochs of Limestone
Tormation upon the Constitution of the Atmosphere.
Journal of Geology, 1898, pp. 609-621.
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ian were deposited during = gradual retreat of the sea,,:L thus
giving nearly the maximum thickness to the formation in the

area under discussion. (fig. 9 page 25)

¥id-Ordovician, or Chazyan.

The maximum extent of this narrowing of the epeiric

sea and consequent broadening of land-areas
_ Chickamatga

(fig. 10 page 26 ) is indicated by the breccia at breccia
tne base of the Chickamauga limestone. This breccia, whose
fragments are a crystalline limestone of the Shenandoah
within a matrix of the typical Chickamauga, indicates ele-
vation above the sea and erosion of a part of the Shenandoah.
According to Ulrich, folding:along the Appalachian axis and
cross-folding had at this time produced a system of indi#id—
ual basins in which local variations of sediments and fauna
were produced.2 The Stones River invasilon of which this
breccia is the earliest record accords with this pericd of
division into basins. The theory 1s based upon palaeocnto-
,logical and stratigraphical variations at different locali-
‘ties in correlated formations. Th;ough Appalachian folding
.and thrust faulting diversified sediments have been brought
within ¢lose horizontal Qistance of each other. When the
amount of thrusting along these fault planes and folding
previbus to the faulting is considered, the existence of
individual basins seems an unnecessary explanation. Remote-

ness of the areas from each other even when joined by a

1
A. W. Orabau: Physical and Faunal Eveolution of North Amer-
ica During Ordovicic, Siluric and Early Devonic Time.
Journal of Geology 17, 1909, p. 217.

9, Ulrich & Schuchert: Paleozoic Barriers in Fastern North
America. W. Y. State Museum report 1901, no. 52.
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continuous sea appears fully sufficient to account for all
variations. Grabau and Woodward hold this view and the

writer will adopt their explanation.

The Chickamauga and Moccasin limestone Chickamauga

and lioccasin

show a transgussion of the sea and therefore pro- limesgtones

gressive overlap of the deﬁosits,ronly the higher»members
veing found in thé.areas of late submergence.l Here again
as in the case of the Beekmantownian circumstances have
allowed nearly the maximum thickness of the deposit to

ocecur in western Virginia. (fig.ll page 28)

Upper Ordovician, or Trentonian.

The Gevier shale with its many interbedded lime-
stone horizons denotes a period of fluctuating con- | Sevier
ditions. According to Chamberlin, the great shale snadte

formation suggests a narrowing of the sea from that of the

.périod preceding. A crowding of the fauna into a smaller

area took place, and on this account a rapid evolution of
these fauna.2 However, according to Grabau the epeiric sea
wag more extensive than that of the period preceding.
(fig.12 paged30.) The fluctuating conditions were probably
climatic rather than paleogeographic. The shale would rep-
resent periods of greater humidity an&,erosion than would

the limestone phases of the Sevier.

A. W. Grabaw: Physical and Faunal Evolution of North Amer-
ica. Puring Ordovic, Siluric and marly Devonic Time.
Journal of Geology 17, 1909, p. 226. .

9. Chamberlin: A Systematic Source of Fvolution of Provin-
cial Faunas. Journal of Geology vol. 111, no. 6, 1898.
pp. 602-605.
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Silurian, or Tedinan and Clinton.

The red sandstone of the Bays may be interpreted
as bearing a direct reiétion to the Cambrian
Bays sandstone
and Ordovician limestones. Since the deposi-
tion of limestones is accompanied by the liberation of
carbon dioxide, the carbonic acid in rain water increases
proportionately to the thieckness of the deposit. With this
oceurs a proportionate-increase in the decomposition of
ferruginous minerals and the results of decomposition be-
come in excess of those of erosion. Thus extensive accumu-
lation of ferruginous soil may result. The Bays sandstone
very likely is the product of such a decomposition of the
iron—bearing minerals and their subsequent oxidization.
Some iron dissolved by thé carbonic acid but unaxidized was
brought to the sea by underground circulationl and deposited
&s.an unoxidized iron sed%ment. The green blotches in the
Bays sandstone may be accounted for by this method as con-
cretionary growths of unoxidized iron within a matrix of
oxidized iron. By treating the green material with hot
hydrochloric acid ferrous iron was brougnht into solution.
The solution was, however, free from ferric iron. The vig-
orous effervescence of the green material in the hydrochloric
acid suggests an iron carbonate. The residue was green and
insoluble and is undoubtedly glauconite. Microscopic exam-
ination of the residue and of a thin section of the rock was
not sufficient to distinguish the glauconite from chlorite

(plate XI1I)., but chemical analysis shows the presence of

1 ) -
'~ Bailey Willis: Paleozoic History of Maryland and Adjacent
States. Maryland Geological Survey Report, vol. V, p. 54.
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aluminum, potassium and silica and makes the presence of

glauéonite reasonably sure. The red sandstone of the Bays

reacted in the same way, but with the addition that it was

found to contain ferric iron. In these respects the rock

is essentially the same as the Vernon shale described by
W. J. I-)Iiller.1 HMiller believes the red color to be due to
the oxidization of the iron sediment subsequent to deposi-
tion and that the greén sSpois represent places where
organic matter has prevented the red color from appearing
because the oxide of iron has theré been reduced to thne
ferrous condition. It is within these spots that the color
of the glauconite is apparent. The ferruginous and cross-
bedded character of higher layers of the Bays suggests an
arid climate. The fprmation is probably a subaérial delta
fan which spread westward from Appalachia. ZErosion of the
older crystalline rocks furnished the quartz grains to this
deposit. 1Its deposition was interrupted by folding and
erosion was renewed.

The sorted character of the quartz pebbles which
compose the Clinch gquartzite indicates a powerful Clinch

gquartzite

sorting agent. Wave action on a beach is an eX-
cellent instance in which such sorting would take place.
The pebbles within the Clinch, some of which are one to two
inches across strongly suégests that it is a beach formation.

The extent of the formation would be due to the migration of

1
w. J. Miller: Origin of Color_in the Vermon Shale. m. Y.
State Musewn Bulletin 140, 6th Report of the Director 18909.

2., A. W. Grabau: Paleozoic Delta Deposits of Forth America.
Geological Society of America, Bulletin 24, 1913. pp.458-

459.
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the line of breakers shoreward. Resorting of the ferrugi-
nous sediments of the Bays accompanied it.l The pure
guartzose character of the Clinch 1s thought by Grabaﬁ to be
due to the uncovering of an unoxidized quartzite, the Bzld
Tagle Conglomerate,_and the redistribution of its material.
The Bald Eagle Conglomerate is a phase of upper Ordovician
time. In many places it has been entirely eroded and re-
sorted into the Clinch‘quartzite. The sandy layers of the
upper Sevier in Virginia corresponds to a part of the Bald
Eagle.
The Clinch and Rockwood in separated

Rockwood
areas might Well be considered contemporaneous. gandstone
As the beach migrated the Bays sandstone and the Bald Fagle
conglomerate were resorted in an ever widening area. The
heavier quartz grains of the Bald Eagle formed the Clinch
and the smaller quartz grains and the iron sediments of the
Bays formed the Rockwood. Thesé Rockwood sediments were
flats seaward from the beach and were rippiémarked'at low

tide. The Clinch and Rockwood are an excellent example of

progressive overlap.

Tower Devonian, or Helderbergisn and Oriskanian.
In this section of Virginia the Giles formation is

composed of varying sandstones. Wear its contact Giles
gandstone

with the Rockwood the sandstone is soft and easily

1
Bailey Willis: Paleozoic History of laryland apnd Adjacent
States. Maryland Geological Survey Report, vol. V, p. 55.
5 T A. W. Grabau: Paleozoic Delta Deposits of MNorth America.
Geological Society of America, Bulletin 24, 1913. p. 469.
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crumbled but grades into quartzites in its upper horizons.
This quartzite represents a beach formation not dissimilar
to that of the Clinch. The source of the sand is considered
to be the eastern extension of the Silurian and Ordovician
formations.l The whole serles of sandstones show progress-
ive elevation. Tne shore-line receded westward away from
the land producing an offlap in the deposit, while in the

case of the Clinch the shore-line preceded the deposit east-

ward.
Elevation continued and produced an upland of
sufficient height for the development of talus baszl con-
_ glomerate
slopes of extremely coarse fragments. The large of the Romney

joint blocks in the Romney conglomerate and the intermingled
water-worn material suggests vigorous wéve-cutting on a rocky
coast with interruption before the detritus could be more
than slightly worn by the sea. This wave-built conglomerate
rests upon the eroded surface of the Giles and fits into the
Romney 2s an interbedded lens within the shale.

That shallow sea water covered this area directly
after the cutting of the sea cliff and the for-

‘ - Romney shale

mation of the wave-built conglomerate is shown

by the complete covering of this conglomerate by a shale

which contains marine fossils. The uniformity in character

of the shale and its great and uniform thickness throughout

s wide area of the eastern United States (plateVII Jand the

* A. W. Grabau: Physical and TFaunal Evolution of Horth Amer-
ica During Ordovicic, Siluric and Karly Devonic Time.
Journal of Geology 17, 1909, p. 249. .

o, Bailey Willis: Paleozoic History of Maryland and Adjacent
states. wMaryland Geological Survey Report, vol. IV, 1902.
p. D58.
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thinness of the bedding planes denotes the stability of a

Flain at the level of the sea. "There is Perhaps nowhere a

more siriking illustration of the intimate relation between
the rate of sedimentary accumulation and the topographic

1
phase of the adjacent land.”

Wave-Cut and Wave-RBuilt Terraces
" of the
Devonian
showing the formation of the
Bagsal Conglomerate and Lower Shale Horizons
of the
Ronney

During and after the sedimentation the strata were
deformed and folded from east to west. (page. 15)

defoermation
As the folds arose stireams flowed westward down

the new land slopes to the narrowing confines of the epeiric
sea. Thus in late Paleozoic time New River had its origin.
After orogeny a great peneplain developed in east-
ern North America. The folds were truncated and
Cretaceous
presented an undulating surface. IMany streams peneplain
held their courses westward across this peneplain. When up-

1ift warped and tilted it eastward sufficiently to change the

prevailing direction of drainage and give origin to the larger

1 ‘ :
Bailey Willis: Paleozoic History of Meryland and Adjacent
States. Naryland Geological Survey Report, vol. IV, 1902.
p. 60: :
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east-flowing rivers of today, Few River pergsisted in its
ancient course. Warpings have accompanied the subseguent
uplifts, yet New River still maintains this course below

the various erosion levels which dissect the great uplifted

peneplain. (page 3 )

i A IR R — . nitbisinfleiidl. = ity — wa
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‘Economic Geology

Geographlc Poslition.

The Position of the Narrows sectlon on the edge of
the West Virglnla coal flelds and in the mid-western part of
the state has madé it a favorable siterfor the central elec-
trical power plant of the Virglnlan R.R.. The electriclty
ls generated here from the coal brought from the West Vir-
ginia mines. Operations for the electrifying of the rail-
road were 1o bé complete in the fall of 1925.

Economlce Products of Paleozolb Strata
Lime and Cement

The Chickamauga limestone 1s the only rock of any
extensive economic value within the Narrows sectlon. This
possesses great possibllitles both in content and position
(plate X) for the productlon of cement.

Analyses of Chickamauga limestone, vlcinity of Narrows, Va.:L

{J.H.Gibboney, Analyst.)

I II III

% % %
Insoluble ., . . . . . . . . . . 5.60 1.50 2.30
Alumina (Al 03) . e e v . . ..y 0,78 . .0.58 0.60
Iron oxide (Fe2 j) e e e e J
Lime {(CalO), . . * . . . . 51,40 54,76 54,06
Calcium carbonate (CaCOBJ . . . 91,80 97.78 - 96.54
Magnesia (MgO). . . . . . 0,72 0.15 0,30
Magnesium carbonate (MgCOB) . . 1,52 0.31 0.64
Total 99,70 100.17 100.08

The other Ordoviclan limestones are less valuable

either in content, or position to repay development when

1
R.S5. Bassler: The Cement Resources of Virginia,west of the
Blue Ridge, Virginia Geologlcal Survey, Bulletlin No.II-A,
prage 189.
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the Chickamauga 1s so available,

Analyses of Knox dolomite, Giles county, Virginial
I II
&
Calcium carbonate {CaCO .. 13,23 11.17
Hagnesium carbonate MgéOB . . 10.99 8.31
Alumina (Alqu) oL . . 0.14 1.06
Iron oxide TFeEOB)} .
Sl.llG& (Sl@?) ] v [ 1 H [ ] 3 ¥ Ol55 4127
Water., . . e e e v e e v . . 0,09 0.19

I Light gray limestone from near the mouth of Wolf creek,
Giles county.

Il Greenish gray, compact limestone from gap of Peter's
mountain, north side of New River, 4 miles from Gray
Sulphur springs.

Analyses of Moccasin limestone, Pearisburg sectiont

(J.H. Gibboney, Analyst)

I II

% %
Ingoluble. , . . . . . . . . . . 11.73 7.66
Alumina (Alp0z) 1.48 0.92
Iron oxide (Fen03) et
Lime (CaQ) . . ... 47,78 50.,%8
Calcium oarbonate (CaCOj) . . . B5.,32 89.96
lMagnesia (MgO) . . . .. . 0.24 0,35
Magnesium carbonate (MgCOB). . . 0.58 0.76
Total. . « . . + + «v.v v v « . . 99,11 99,20

I Impure drab limestone.
I Red clayey limestone.

The Romney shale has a composition within the

limits necessary for cement purposes but 1ts position 1s not

practical for development. (plate X)

Analyses of Devonlan (Romney) black shale, Craigsville,Va.
I ' II
% b

silica rslop) C e e e e .. . 53.63 58.07

Alumina 24.47} 19,08

Iron oxlde ?Fenoj) v : 6.16

Lime {CaQ) . . e e e e . .. 5,94 none

Magnesia (MgO) . . . . . . . . . 1.79 0.64

Volatile matter. . . . . . . . . 10,03 11.17

1

R.S5. Bassler: The Cement Resources of Virginia, Virginla

Geological Survey, Bulletin No.II-A, pages 190,194 ,&283,

1



Palaeontology

Coelenterata
Hydrozoa, Graptolites

1. Diplograptus (Grabau and Shimer: Yorth American
Index Fossils, vol. I, p. 33). Ordovician,
Sevier shale.

olluscoidea
Bryvozoa

Ordovician, Sevier shale.
Silurian, Bays sandstone.

[ A]
- *

Brachiopoda

4,5. Dinorthis deflecta (Conrad). (Grabau and
Shimer: Torth American Index Fossils, vol. I,
p. 252). Ordovician, Sevier formation.

6,7. Orbiculoidea lodiensis var. media (Hall).
(Maryland Geological Survey Devonian, p. 91).
Internal and external casts. Devonian, Giles
formation.

8,9. Liorhynchus limitare (Vanuxem). (}aryland
Geological Survey Devonian, p. 98). Devonian,
Romney shale. :

WMollusca
Gastropode
10. Cyclonema Ordovician, Chickamauga limestone.
11. Yophospira (?) Devonian, Romney shale.
12. Tentaculites aculus Hall. (Maryland Geological
Survey Devonian, p. 78). Devonian, Roumney
shale.
Cephalopcda

13. Parodiceras discoideum (Conrad). SMaryland'
Geological Survey Devonian, p. 125). Devonian,
Romney shale.
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Detailed Descriptions of Formations

The following strata are exposed in the wagon .road cuts
and in the cuts of the Norfolk and Western Virginian R.R.
betveen Narrows and Rich Creek.

shenandeah Formatlon

Layers lower than No. 1 in the Shenandoah were seen east
of Walker Creeck. In general they were more ferruginous and
more Ireguently veined with calcite and with larger veins.
Also there was limestone breccla containing pleces never more
than an inch across.

No.l A gray-blue, fine-gralined, rather massive limestone with
shale partings 1-3 inches thick. There are flattened nodules
of black chert (often tendon-colored) in layers. A few small
calclte velns and nodules occur. The fracture 1s uneven to
" concholidal and the Jjoints are minor. It seems dolomitic but
has not been tested. The limestone layers are from 2 or 3
inches to 7 feet thick, It weathers light ouff to white los-
ing all the blue. Weathering rarely brings out thln beds.
Thickness 25 ft.

No.2 A gray-blue, fine-gralned, rather massive limegtone.

There is no chert. Nodules and veing of calcite occur but
with no definite arrangement 1in layers. The limestone layers
are about 2-6 ft. thick. The fracture ls conchoidal with a

great coarse pattern; the jolnts are rare and small and the
rock 1s probably dolomitic, About 6 ft. from the base 18 a
two foot layer which ls much darker than the rest. The rock
weathers light buff to white, Thickness 20 ft.

No.3 Gray-blue, fine-grained, crackled and hackly siliceous
limestone. A1l ft. layer of cherty llimestone occurs at the
base and a 2 ft. cherty layer at the top. It weathers black
to buff. Thickness 14 ft.

No.4 A gray crystalline limestone with numerous calclite nod-
ules and a little calcite along the Joints, but with no chert.
The joints lntersect in many directlons giving small eangular
pleces.. The bedding is not apparent. It weathers dark.
Thickness 1C ft.

No.5 A light colored siliceous limestone with veins and little
nodules of calcite and of quartz. The layer 18 sprinkled with
quartz grains and delicate disconnected pink threads. It is
consplcuous as a light band across the cliff face and weathers
whitisn. Thickness 2> ft.



No.& Dove colored, fine grained, dense, siliceous limestone
with numerous calcite veins, some of which are in the Jjoint
planes. It has many little calecite nodules and crystals
giving it a mottled appearance. The fracture 1s concholdal
and the joints are short and hackly in many directions. No
bedding 1s apparent. It weathers lighter. Thickness 7 ft.

No.7 Blulsnh, massive, cherty, crystalline limestone with

round guartz grains and fragments of chert and chalcedony.

The bedding 1s not apparent. Tnere are crystals of light

and dark calcite which give a mottled appearance to some layers.
It has coarse hackly fracture with little jointing. It weath-
ers brownish with ferruginous blotches. Thickness 31 ft.

No.8 Bluish gray to drab, dense, very fine grained, crystalline
limestone unevenly bedded, with calcite veins and bunches of
calcite crystals. The joinits are rare and various in direc-
tion and extent. This is a"levelling-up" layer on a surface

of marine erosion. The fracture and weathering are similar to
No.7. Thickness 4-8 ft.

No.2 Light gray, medium to coarse crystalline limestone. Thick
layers 1n some beds are fairly distinect. There are layers of
lenses of light colored to white chert which become more numer-
ous toward the bottom. Some chert is translucent, almost chal-
cedony . dinor Joints at various angles are not seen until de-
veloped by weathering. The calcite velns are minute 1in a net-
work. The rock weathers red and brown. Thickness 24 1t.

No.10 SBimilar to 9 but darker in color, thinner bedded, and

slightly coarser crystalline. There are some strong wave marks
2 1/2 feet from the top. Two little offsets of ten inches and
n feet respectively occur below and above No.lC. Nos .9 and 10
make up a mashed zone., Thickness 9 ft.

No.1ll Dove colored and pink mottled limestone, Tine grained and
felsitic with no chert and very inconsplcuous veins, some of
limonite and hematite. It is much jointed into little cuboidal
vieceas. Thickness 2 ft.

No.l? CGray-blue, massive, dense, fine-crystalline limestone, a
little coarser toward the top. There 1s one heavy layer in the
whole block. There 18 much calcite velning with some velns 1/2
inch thick running at right angles to the bedding. Traces of
pink are common in the lower portion. Thickness & ft.

No.l3 Gray-bluish, coarse crystalline limestone.
Thickness 1 ft.

No.l4 Gray-blue, heavy bedded, fine crystalline limestone con-

taining three zones of chert nodules, one at the top, one in the
middle and one at the base. The chert 1g both black and white.
Calcite crystals occur in bunches and velins; the bedding 1s in-

distinct. There is much irregular Jjointing. The rock weath-

ers vrown and dirty. Thickness 2% ft.



No.1l5 Bluish limestone in five or six layers of two feet each.
It is fine grained and dense at the bottom with a coarse crys-
talline layer ill-defined and of uneven thickness at the top.
This horizon 1is darker than most of the units. There are
siliceous black shale layers in which are embedded fragments
of a very different limestone (another breccia).  These shales
vary in thickness from knife-edge to five or six inches and are
plicated or folded. Pormer cavities in the limestone are filled
with crystals of calcite. The rock is not cherty, and what
velns occur are minute. There are vave marks at the top.
Tiiickness 11 ft.

No.1l6 Single layer of light colored bluish limestone with con-
choidal fracture. There 1s no chert but much calcite veining.
The veins are often more than 1/2 inch thick. The rock 1is
mostly fine grained and contains embedded pieces of sandstone
and coarse crystalline limestone. Thickness &6 ft.,6 in.

No.1l7 Dark gray crystalline limestone, rather massive, with the
Ledding concealed. Many crooked Joints in all directions are
developed by weathering. The lower 6 feet are coarser crystal-
line than the rest with threads and knots of chert. There are
small lenses of shale and calcite veins and threads all through
it with an increasing number ¢f crystal bunches toward the top
where they give it a mottled appearance. Pyrite occurs in cubes
and in pyrithohedrons on the gurface; limonite and hematite re-
place these pyrite crystals by weathering. The rock weathers
dark to black, and rough with chert and calcite in relief.
Thickness 20 ft.

No.l8 Same in color as 17 except that the lower part has red
streaks and spots. They are dense, felsitic, or very finely
crystalline limestone beds 18-3%6 in. thick. There are gseveral
layers of light colored chert lenses and nodules. Calcite
veins occur in places. The jointing is irregular and rare.

The rock weathers rusty brown. Sore fosslils resembling bryozoa
occur at the base. : Thickness 11 ft.

No.19 Dove colored limestone below, grading to red above with

red and green calclte velins, and calcite lining cavities. - The
bedding 1is indistinct. The upper part becomes crystalline and
slightly arenaceous. The veins are often not completely filled
and there 1s no chert; the Jjointing is irregular. The rock
weathers brown. Thilickness 4 ft.,6 in.

No.20 Marks varyilng conditions. It is made up ag follows:

. Thin red shales.,

. Thicker limestone.

. Thicker red shales.

Six or seven feet of sandy and shaly reddlsh
limestone, coarse and fine gralned.

Capped by a few inches of shaly sandstone Wwith
reddish and greenish streaks, possibly carry-
ing bryozoa.

No layer 1s constant. The shale is fisglle and ferruginous
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with inclusions of limestone. A layer of chert nodules occurs
in the upper limestone. Thickness 9 ft.

No.21 Dark blue, fine grained, compact, even layer of limestone,
mottled with light blotches of chert and calcite crystals. The
rock is rarely Jointed and breaks evenly, so it would make &
good bullding stone. It weathers lighter but dirty brown.:
Thickness 3 ft.

No.22 Dark, red and green streaked, crogss bedded sandstone in
two or three layers. White quartz, knots of quartz crystals,
chert, and calcite with pyrite crystals occur in it.

Tnickness 1 ft.

No.23 Dark blue limestone with layers from 3 in. to 3 ft. thick.
The upper layers become darker and have cavities lined with cal-

clte. Al of 1t has cavitlies lined with quartz and i1s calclite-
velined. It weathers dirty gray to buff, and red blotches due
to 0xidized iron appear on the surface. . Thickness 1C It.

No.24 Interbedded black and white chert and shale. There is
one irreguwlar limestone bed 3-4 in. thick. The bedding 1s more
distinct toward the bottom where the Jjointing becomes abundant.
There are several wave marked surfaces and many calclite veins
and nodules with limonite pseudomorphs. Thickness S ft.

No.”25 Several dense, grayish, limestone layers of less than two

feet each, with delicate partings of light calcarecus shale.

Red blotches and tnreads occur thnrcugh the rock, but there 1is

little calcite velning. The upper layers weather so as to

bring cut thin bedding. Limonite pseudomorphs follow pyrite.
Thickness 11 ft.

No.26 Blue, heavy bedded, medium crystalline limestone with
definite layers and chert nodules. Some layers are siliceous
but not sandy. There are several small shale partings and one
ferruginous flinty parting with cross bedding above it and a
twelve inch calcarecus ghale parting seven feet from the top.
The main beds, s8ix in number, show minor beds on weathering.

' Thickness 47 ft.

No.27 Fault zone. The most definite fault 1s apparently the
most southern. The dip of the fault plane is 67,N83°W., The

gtrike s N 1 E. Two or meore major faults occur nerth of this
first one but dip and strike and amount of displacement cannot
be determined. It i1s a brecciated zone of broken strata with
glickensides. Thickness 103 {t. involved.

No.28 A heavy bedded, bluish gray, finely crystalline limestone
with layers and nodules of white and light blue chert, some
layers of which are 2 in. thick, and some nodules are 6 in.
across. Calcite bunches occur but there is very 1little joint-
ing. The top of this horizon is wave marked with crests 3 ft.
apart and with a shaly parting between 28 and 29 over this wave
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narked surface. The rock weathers red and rusty.
' Thickness 27 ft.

The wagon road has been followed so far but the rest of the
horizons are shown best on the rallroad. Between 28 and 29
is a wave marked surface. The wave marked crests and troughs
trend about N 15°~ 20°E.

No.29 Grayish blue limestone with layers a few inches to 3 {t.
in thickness. There are calclite velns and a little chert and
several shale partings. The lower layers have conchoidal frac-
ture and cross bedding but the third layer is "levelled-up'.

The rock 1s fine grained to fine crystalline and weathers to
bring out the bedding. Thickness 34 ft.

No.30 A group of gray to brownish layers of quartzitic sand-
stone with shale below. Thickness 2-4 in.

No.31l 3lue to blue-gray, fine grained, siliceous limestone with
much black and gray chert. One layer of chert 1is nearly con-
tinuous near the top. The rock has hackly fracture with little
Jointing. Calcite veins weather in relief and the rock weath-

ers buff, brown and black. Thickness 2 ft.,6 in.

No.32 Felsitic¢ to flne crystalline, muassive, bluish limestone
becomlng lighter colored above. The bedding 1s not clear but
is developed by weathering in the upper part. There 1s much
black chert in layers of nodules and some thin shale partings
on wave-narked surflaces. In the crystalline layers calcite
crystals weather out and feel like sand on the surface while
the calcite velns weather in. It weathers reddlsh brown to
nearly bovlack. The upper surface 1s wave-marked and covered
by a thin shale layer, but the rock character does not seem to
be different above 1it. The direction of the c¢rests and troughs
was not determinable. Thlekness 24 {t.

No.33 BSeveral limestone beds, similar to those 1in 32 but thlnner
pedded . It is capped by a thin variable bed of bluish to red-
dish shale a few inches thick. In some places the shale con-
tains chert and limestone pebbles as 1f partly residual.
Thickness 11 ft.

No.34 A series of broken limestone beds similar to 33. The
rock 1g white with chalcedonic chert nodules in the lower part.
Two shale partings occur near the top a foot apart. There are
three little faults of a foot or so and recent weathering has
mzde a sink hole and filled it with chert, clay and sandstone
pebbles. Thieckness 29 Tt.

No.35 Gray, rather massive, uneven bedded limestone, I'lne crys-
talline except three feet from the top where it lg coarse. Plnk
layers occur 2-4 ft. from the bottom. Peculiar plts occur on
the layer 6 ft. from the base; this member weathers lighter than
the rest -~ to buff not red. There are calcite veins and nodules,



and at the base a wave-marked shaly surface. Thickness 20 ft.

No.36 Blue, finely crystalline tc felsitic limestone becomning
lighter colored and felsitic upward. The beds vary frecwo 1-2 ft.
In thickness with one measuring & ft. Clusters cof calclte
occur through the wnole section but chert is not notliceable
above the first ten feet. In this secticn the rock is broken
by the growth of concretions giving 1t a brecclated appearance
and contorted beds. There are good dip Joints but the others
are lrregular ana at various angles. Many layers have guartz
sand. The rock weathers dark and differentially, emphasizing
the chert in rellef and the calclte in bedding planes ana de-
presslons. Pyrite, limonite and siderite appear ag weathering
products on the surface. Thickness 53 ft.

No.%7 Dark gray, crystalline, nearly pure limestone in beds
mostly 4-12 In. thick and one 4 ft. thick near the bottom.
Bunches of calclite occur in the thick layer. There are two
chert layers, one at the top and one three feet below. The
upper one 1s of neat rounded structures with concentric sphere
formation. The rock has conchoidal fracture and weathers bulf
to brown with large curved surfaces. Thickness 12 ft.

No.%8 Light and dark gray, dense, felsitic limestone. It
looks flinty and has conchoidal fracture. At about the middle
of the horizon two layers Join with stylolites. A little black
shale occurs along this bedding plane and tnere 1s a cnert layer
at the base. The rock weathers dirty buff to brown.

' Thickness 12 ft.

No.3G Dark blue, medium beddec, crystalline limestone with some
calecite veins and gseveral shale partings near the top. Dip
Joints are the best developed. Near the base 1s one arenaceous
blue layer; and red threads are scattered through all the blue
limestone. The rock weathers dlirty brown and the calcite veins
weather in. Thickness 25 ft.

No,40 The lower mottled limestone. It consists of light and
dark gray limestone in bars and blotches, crystalline and fine
grained. Calcite bunches show clearly and add toc the mottlea
effect. The layers are 6-26 in. thick with three shale partings.
The rock weathers darker to reddish brown. Thickness 10 ft,

No.41 The lower light steel gray layer and is made up of fine
grained crystalline limestone with beds 6-15 in. thick. The
fracture is slightly concholdal and Jolints are rare. Calcite
nodules occur. There is one layer only. Thicknegs 6 ft.,6 in.

No.42 The upper mottled layer of light and dark gray limestone.
Mottlings are in bars, and blotches; the rock 1is crystalline and
coarser than No.4C with few calcite blotches and velns. There

is one layer only. Thickness 2 ft.,6 in.



No.43% Upper light steel gray layer of finely crystalline lime-
stone with concheldal fracture. The bedding planes ars rarely
amooth,; some are fluted or pltted by stylolites. There is
calcite velning in the Joints and calc¢ite nodules in the upper
part. Apbout 2 ft. from the base are quartz crystals, iron
oxlde and a green mineral that was not identlfled. There are
some shale partings. The rock weatherg lighter. The ioasils
found are brachlopods, cephalopods, a triloblte pigydium and a
glmple cup coral about 1 inch long. Thickness 11 ft.

No,44 Bluish to dark, steel gray, massive, medium bedded lime-
stone, crystalline, with layers 2 In. to 3 ft. thick. The rock
locks much like chert but is really guite free from 1it. Joints
are rare and the Iracture 1lg uneven to conchoidal. Calcite
crystals occur in nodules and a few veins. The rock weathers
lighter-yellowish and dirty.

The thickness varies from 4 ft.,5 in. to 10 Tt.,8in.

Total Thickness 602-612 ft.

Chickamauga Formatlon

No.l Very coarse chert breccia with fragments of non-crystalline
limestone 1In crystalline limestone for matrix. The chert Irag-
ments are frow 2-15 in. through, are angular and placea 1in all
directions, and often occur in contact. Some pleces show layers
and these are in all positions with regard to the bedding. There
are no calclte veins. Thicknegs varliaple %-10 ft.

No.2 <Conslists of two layers of finer chert breccila with frag-
ments two inches or less across, rarely 1n contact and not in
distinct beds but scattered through somewhat crystalline matrix.
A gravity fault of 3-4 ft. cuts across these two horizons.

: Thickness 6 ft.

No.3 Finer grained chert breccia with fragments often minute,
rarely over an inch across. This 18 clearly a breccia for the
little splintery fragments lie in all positions and 1in great
nunbers. Considerable guantities of these are gathered 1into
beds &t varying intervals. The fragments become smaller and
Tewer upward but end abruptly at the top. The matrix is of
fine prained limestone of gray color in layers of 4 in.- 4 ft.
in thickness. There are no calcite velns. The rock resembles
the Shenandoah. It was completely covered in -the wagon road
and the weathered slopes are partly covered in the railroad cut.
These brecclas weather to ferruginous clays with the chert frag-
ments stilll scattered through them. Thickness 45 ft.

No.4 Fine grained light colored limestone, medium bedded and
with some shale partings. The limestone beds are dove ‘colored
to dark blue with nodules of black chert. Calclite veins occur
in the chert, and the chert extends clear to the base. Toward
the top of this section dark blue chert predominates, while at



th bottom lighter colors predominate. Thls horizon shows the
characteristic rounded forms due to weathering with open jJoints
and open bedding planes. Fossil brachiopods were found on the
lower slopes of East River Mt. west of New River in a horizon
not wmore than 50 ft. above the chert breccia and associated with
black chert. Thicknegs 243 It.

No.5 Dark blue to blackish blue, fine grained, dense, non-crys-
talline limestone. The bedding 1s well concealed, and is
scarcely developed by weathering. There 1s much chert in layers
of black nodules which are veined with calcite dr is the lime-
stone. The chert 1s brittle and ferruginous. Both the chert
ana the limestone weather rusty brown and the limestone has a
rounded smooth surface like water-worn forms. Calcite velins

are large, white and conspicuous; pyrite crystsls are common.

The Jolnting 1s meager, Thickness 20 ft.

No.6 Very dark blue to black cherty limestone with a hackly,
rough fracture, and many calcite veins and some bunches of cal-
cite crystals. The veins are in all directions but the larger
ones are mostly at right angles to the bedding. The bedding
1s irregular but frequent, and the rock is pyritiferous.
Thickness 7 ft.

No.7 Fine, even grained, light gray to bluish limestone with
close pedding often crossed, The fracture isg smooth, fluted
and curved. The rock looks and sounds flinty. There are few
calcite crystals and veins. There are two layersa, the upper
one lighter colored. There 1s considerable pyrite in the rock
and c¢rystalline lenses ocgur in the middle part. It weathers
light brown. Thicknesas 4 ft.,6 in.

No.8 A massive light gray layer of fine grained flinty looking
limestone with many small calclte veins and some pyrite in scat-
tered crystals and in velns. It has conchoidal fracture. The
layer thickens and thins locally, and weathers 2 little rusty
but light. Its boundary with the crystalline layer above it
(No.9) ia indefinite. ‘ Thickness 5 ft.

No.9 Magsive, coarsely crystalline, dark blue limestone with
cuboldal cleavage. It has bunches and wveins of calclite crystals
and most of the velns are in Jjoints. It looks 1like gray granlte
at a short distance. It becomes rusty on weathering. It was
used extensively years ago for lime. Thickness 16 ft.

No.10 Dark blue to black, fine gralned to crystalline thin
bedded limestone with many layers of black brittle chert nodules.
The rock has calcite velns, and is pyritiferous. It has a
fossiliferous matrix with chert nodules which weathers out.

The fossilg are cephalopods, crinold astems, brachiopods and
corals. Thickness 15 ft.

No.1ll A partly covered interval of crystalline, dark and nearly
black, dence llimestone. It is exposed 1in the ¢cliff and the



slopes above on the north side of the ravine. There are many
calcite velns and the same fosgils as in No.10 with the addition
0¥ gastropods. The rock weathers almost white.

Thickness 8% ft.

No.12 Heavy bedded blue crystalline limestone. . The layers are
1-7 ft. thick. The rock 1is cherty, and calcite-veined, and is
fossiliferous in many horizons. There are master joints thfough
many layers. The rock weathers rough and rusty and shows weath-
ering 40 ft. deep along the joints. Bryozoans are very abunaant;
cup corals, c¢rinolds, cephalopods, brachiopods of several specles,
and pelecypods occur. Thickness £9 ft.

No.l3 Coarsely crystalline, mostly thin bedded, steel gray to
blue limestone with several slight shule partings. It beconies
thicker bedded toward the top with calcite veins veconing abun-
dant. It is very fossiliferous, especially in the lower part.,
The fosslls are small brachiopods, pelecypods, many bryozoa, and
¢crinoid stems. Thickness 16 ft.

No.1l4 Bhaly steel gray limestones and calcareous shales, thin
bedded with many fossilsg which are much broken up.
Thickness 2 ft.

No.l5 One solid layer of dark blue, crystalline limestone with
strong calclte veilns and many broken fossils.
Thickness 2 ft.

No.16 Thin bedded limestone, more or less arglllaceous with
shale layers. The limestone is mostly crystalline ané very
fosgiliferous especially near the base, The beds are thin
from 4 in. down to shelly layers 1/2 in. thick. There is very
little chert. A fTew calcite veins and a few vertical joints
are present. Thicknesa 2¢ ft.

No.1l7 Heavy bedded, dark, steel gray, fine to coarse crystalline
limestone, Much of it 1s mottled with small clay lenses and
stre:aks. There are many calcite veins, complexly branching and
crooked and the black chert nodules are often cut by calcite
velns. There are two Joint systems nearly at right angles to
the bedding. The beds are from 3-8 ft. thick and would quarry
well . It weathers to a rather rough surface with less rounding
than the rest of the Chickamauga. Fosglls occur on bedding
planes., Bryozoa are rather abundant. Thickness 50 {t.

No.18 Thin bedded, fine grained, cherty limestone, gray to black
in color witn thin clay partings. It contains many layers of
chiert or beds of chert nodules and a little calclite velning. It
wegdthers light. Fpsslls are rare. Thicknesgs 20 fi.

No.19 A partly covered interval of light to dark, gray bplue,

medium to thin bedded limestone with calcite veins and black

chert nodules in layers. Bryozoa were found up the ravine.
Thickness 105 ft.
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No.20 Gray blue, argillaceous limestone made up of very thin
beds grouped into layers of 2-8 in. Clay and lime alternate
in the layers. The rock weathers light. Thickness 15 ft.

No.21 Thin bedded gray limestone alternating with thin shales
and it 1s rarely veined except in the bottom layer. The rock
1s much mottled with smooth amorphous masses in a crystalline
coarser matrix (probably a conglomerate). Many fossils were
found in fragments - corals, bryozoa, trilobites, brachiopods
and crinoid stems. Thickness 7 ft.

No.22 Coarse crystalline limestone, light gray in color, and

strongly veined with white calcite and some pyrite. One
mottled layer is probably a comglomerate as in 21. The joints
are lirregular and mostly filled with calcite. Weathering

emphaslzes the amorphous inclusions in the clay coaglomerate.
There are many fossils, some broken and some very whole and
distinct - brachiopods, bryozoa, trilobites, pelecypods and an

algae, Gervanella. Thicknesg 4 ft. 6 in.

No.23 Dark blue to gray, fine grained, non-crystalline lime-
stone with many large and small white calcite veins. = ''here are
some dip joints and most of the joints are calcite filleg. The
bedding 1s even but with weak shale threads between layers so it
would not be good for building stone, It contains a clay con-
glomerate or breccia. Weathering brings out the bedding.
Thickness 22 ft.

The Chickamauga ends with the crystalline layers about 3 or 4 ft.
aoove that which looks like Moccasin. There has been some dis-
cussion about this boundary. Some would put 1t at least a foot
nigher anéd some would put it lower but the best place seems Lo
be where the c¢rystalline layers cease to predominate and the
more shaly layers take possegsion.

Total thickness ig 807 ft.

Moccasin Formation

No.l Bluish limestone, even bedded, in layers 3-6 in. thick.
It contains calcite veins and is not obliquely Jointed like the
rest of the Moccasin. The last two feet of this horizon are
separated from the rest by a foot, (3 or 4 Layers) that looks
like Chickamauga. Some mud breccla occurs in this horizon.
Thickness 10 ft.

No.2 Red to light brown, fine gralned, even bedded limestone.
The jointing 1s obligue with splintery fragments and 1s eupha-
slzed by weathering. Occaslonal layers are bluish gray instead
of reddisn. 1the beds are 1-15 in. thick. There 1s one layer
of hard, drab to gray lithographic limestone 4 in. thick about
12 ft. from the bottom. Mud cracks occur. Thickness 90 ft.

e



e e i ol T B T

No.? Lithographic horizon (best seen in the ravine between
the railroad and the wagon road).
A, Hard, dense blue limestone layer with small calcite
veins. 6 in.
B. Continuation of normal Moccasin limestone. 1C ft.
C. Second fine grained, hard, lithographic.
layer which looks like chert. 1 in.
D. Continuation of normal limestone. 1 ft. 8 in,
E. Third lithographic layer. , 2 in.
The non-lithographic layers seem to be partly lithographic but of
poor quality. Thickneas 12 ft. 5 1in.,

No.4 Gray greenish drab hard limestone in beds 3-12 in. thicXk,
weathering lighter colored and revealing the same obllgque joint-
ing and splintery fragments as noted elsewhere.

' Thickness 16 ft.

No.5 (On the wagon road) A covered interval of float, made up
of soft shaly limestones and shales. Thickness 117 ft.

No.6 Alternating limestones and shales. Six limestone hori-
zons o1 gray 1o blue resistant beds alternate with 8ix shale
norizons of goft, crumbly yellow and red material, weathering
to reddish or yellowish sticky mud with covered slopes. The
limestones are argillaceous and crackle and break off into
splintery pleces because they are Jointed both at right angles
and obliguely to the bedding. Section is as followsg:

limestone 8 ft. shale 3 ft.

shale 3 ft. Limestone 1 Tt.

limestone 5 ft. shale 18 ft.

shale 6 ft. limestone 1Q ft.

limestone 4 ft snale 17 ft.

ghale 10 ft. Total Thickness 88 ft.
limestone 3 ft. : : '

Total thickness 374 ft.

Sevier Formation

No.l Hard, blue, even bedded, unfossiliferous limestone 1in
one layer and with the characteristic Sevier cleavage. (Not
like Moccasin). Thickness 1 1/2 ft.

No.2 Gray, crumbly shale weathering to clay.
Thickness 2 ft.

No.3 Even bedded limestones and shales. The former are in
- layers of 4-8 in. and are blue to dark blue, hard and with rare
“w fossils. The shaleg are in two layers, one green and one

yellow, and in thin partings. It 1s Jjointed to give cunel-
form pits in part. Thickness 18 ft.
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No.4 Calcarecus shzles and thin limestones as in much oi the
Sevier but grayer, greener and crumblier. It 18 goft and
containg few fossils. This layer marks the end of the tran-
gition from the Moccasin. On the road it 1s partly covered.
Thickness 20 ft.

No.5 Blue limestone in beds from 1 to 8 in. thick, some a
little shaly. 11 contains calcite veins and a very few
fogsils. Thickness 8 ft.

No.6 Dark blue green to black shale with slaty oleavage. It
1g flilssile, much jointed, thin bedded and calcareous. Fosgils
are rare. Thickness 19 ft.

No.7 Thin bedded dark gray to blue limestones with a few
interbedded thin shales. The Limestone beds are 1-12 in.
thick, weather lighter and leave much residual clay. In the
limestone, calcite velns are numerous and branching and are
very thick - even up to 1 1/2 in. The shales are from thinnest
films up to 6 in. in thickness; they are blue, reddish brown
and gray 1in color and do not contain any sand. The beds in
this horizon are often pent and tolded into small anticlines
and synclines or are locally faulted. Many layers are fossili-
fercus; but the shells are broken. I'he brachicpod, Plectam-
bonites sericeus, is the mogt common. . The beds are much Joint-
ed and cracked. The veins and shells weather out.

: Thickness 386 ft.

No.2& Thin limestone in layers L1-17 in. thlck interbeaded with
thin shales. More than half of the rock is the hard, dense,
blue fossiliferous limestone with calcite veins, the layers of
which thicken and thin. The shales are dark pluée in color and
are cimply partings between the layers of limestone. several
little concretion layers occur, and the upper 40 ft. are thicker
bedded with lLarger and more prominent calcite velns and with

less frequent Jjoints. The Layers are often pent so as to
change the dip. I'ne talus consists almost entirely of frag-
ments orf limestone. Graptolites occur. Thickness 224 ft.
No.9 The beginning of a serles witnh less limestone. It con-
gists of a aumber of Deds an incn or less in thickness. About
40 ft. is exposed, Thickness 175 ft.

No.10 Alternate shales and thin limestones much like 12 but
inore fossiliferous and with no distinct layers. There are
several little faults 1-15 in. in displacement.

Thickness 123 ft.

No.ll Contorted beds with interbedded calcareous shales and
limestones. There are & layers; near the bottom two 2-ft.
layers, then three 2-8 ft. layers and one 3 ft. layer at the
top. The fourth layer from the bottom has a conglomerate
phase at its top.  Between these contorted beds are conaiaer-

able bodies of alternate shales and thin limestones which are
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fossiliferous with calcite veins. The limestones are blus
and the shales are greenlsh to gray and brown.
Thickness 85 ft.

No.l2 Thln bedded blue, greenish and brownish calcareous shales
with many thin, hard, blue limestone layers which are very fos-
3iliferous and which weather bpack more rapldly in the outcrop
leaving an abundance of red ciay in place of the limestone.
Calcite veins are numerous. Thickness 80 ft.

No.l3 Gray to ollive green limestone, so jointed as to glve
V-shaped notches and large cuneiform pits 1-6 in. wide and 1-20
in. long. Surfaces weather gsmooth, and sgharp-angled corners
project. ‘ Thickness 2 ft.

No.l4 Gray-green fossiliferous calcareous gshales with a few
layers of hard blue limestone. The limestone 1s fosgiliferous
and occurs in beds 6 in. to 1 ft. thick with calcite veins.
There are many thin sandstones 1-3 ft. thlick Jjointing into
regular angular and cublical blocks. The shales weather rusty,
and the limestone weathers by golutions leaving fossil cavities
and red clay. Thickness 113 It.

No.15 Thin bedded, greenish, gray-blue, calcareous shales with
thinner, stronger layers wmalnly of flinty sandstone. There

are many fossiliferous horlzons some of which weather out porous.
Bracniopods, pelecypods and bryozoa occur. Thickness 44 ft.

No.1l6 Thin bedded, bluish green, calcareous, and sandy, shales
with thin 2-4 in. sandstone layers every foot or two. The
latter weather out in angular pleces like chert layers. There
are many fossll zones and scattered fosslls throughout the whole
horizon. Thickness 18 ft.

No,17 Thick bedded, massive, dark olive green, calcareous sand-
stone in some places weathering shaly and 1in others lilke sand-

stone. There are many horizons of broken and well-preserved
fosgils. Brachlopods occur 6 ft. from the top. The rock 1is
richer in fosgsils than the Bays. Thickness 19 ft.

Total thickness 1338 ft.

Bays Formation

No.l Medium bedded sandstone with thinner shales all containing
green plotches, which in places become bands. The beds are
rather even and the base of the formatlon is marked by the
change of color from dark red to green. Several horlzons
carry quantities of broken shells now red with iron.

Thickness 20 ft.

No.2 Thin bedded purplish shaly sandstone, very ferruginous and
carrying several beds of broken shells. Thickness 9 1/2 ft.
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No.% is called the lower nodular layer because the lavers con-
tain flattened concretion-like masses 1-2 in. thick znd 6-10 in.
broad. These are not concretions and do not take iron rust on
the cleavage faces as do those of similar appearance in the upper
nodular layer. The upper and lower parts are the richest in
these masses and are most ghaly while the middle part 1s more
massive and sandy with concholdal fracture. There are many
green blotches; fragments of fogslils occur in the upper part.
Thickness 5 1/2 ft.

Ne.4 Many crose=beddsd layers of dark red sandstone with thin
interbedded shaly sandstone. The layers are all marked by
cross-beddling even to great wedge-shaped masses of many layers.
Some layers are rather more than 1 ft. thick. There are some
ripple-marks and much chlorite in the Joint planes and some 1in
the beddling planes. Quartz occurs in the bedding planes, and
in veins. Slickensldes show on bedding planes with chlorite
streaks &0 there has been some metamcrphism in this formation.
Thickness 32 ft.

No.5 Thinly bedded, arenaceous, micaceous and shaly sandstones,
dark red in color. The rock isg crackled and minutely Jointed.
When freshly exposed it looks-like a single layer but it crumbles
with pounding or a little weathering to tiny fragments. A green
ghale an inch or two thick occurg avove 1t. Thickness 2 ft.

No.6 1g the upper nodular layer and conslsts of dark red sand-
stones. The upper 18 in. of it 1s massive and even grained,
breaking with great curved surfaceg which scratch very easily.
The middle 2 ft. are very nodular and in appearance resemble
concretionary structure. Curved pleces break out giving round
masges but each has the same comnosition as the rock below, a
red Terruginous quartzitlc sandstone with quartz velns. Weath-
ering, of iron has gone on along these curved planeg and thus
aided the spheroldal breaking. The lower 2 ft. are rarely
nodular but otherwlse have the same appeararnce.

Thickness 5 1/2 ft.

No.7 Red sandstone and arenacsous shales. When first exposed
they seem to be in thick massive beds; but on weatherirg thin
shaly beds appear, and the rock crumbles to small fragments.
The rock is fine and even gralned. The bedding is regular for
long distances with very little cross-bedding. The color 1is
almost uniformly dark brick red with scattered green blotches.
There are chlorite veins with many fine flekes of mica. The

mica probably was depositional but the chlorite, secondary.
Thickness 47 ft.

No.8 A covered interval consisting largely of soft gray and red

gandstones and shales. Thickness 197 ft.
' Total thickness 318 ft.
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Clinch Formation

No.l BSandstone in layers from 1 in. to 8 ft. thick with thin
arenaceous shale partings 1/4-% in. thick. The colors are
mostly gray and greenish gray, weathering to brown, buff and

red because of iron. It is a guartz sand with gquartz pebbdles,
cemented with iron oxlde and silica. It has been metamorpnosed
to a falir quartzite. The pebbles are sometimes 1-2 in. in
diameter, some of which are of older qguartzite and vein gquartsz.
There are several minor faults. Thickness 120 ft.

No.2 5 layers of arenaceous shale each 3 1/0-4 ft. thick. The
colors are green, blue, gray, red, brown, variegated and thinly
laminated; they are scparated by 4 quartzitic gray sandstone
layers 3-6 in. thick. Thickness 20 ft.
Total thickness 140 ft,

Rockwood Formation

No.l Thin bedded shale and argillaceous sandatone; the colors
are gray and drab, sometimeg blulsh and greenisii. It 1s Joint-
ed so that it crumbles easily. Two or three dark red sand-
gstone layers a few 1nches thick occur among the shale layers.
The rock weathers to sandy muds. Thickness 120 ft.

No.2 Dense, hard, red quartzitic sandstone in three or four
layers one of which 18 about 18 inches thick. The rock 1is
coarse-gralined and especially so near the bottom.

Thicknegs 3 ft.

No.% Ferruginous shale and sandstone in alternate beds. The
sandstone is dark red, and the shale is gray and green in thin
beds. Thickness 18 ft.

No.4 Dark red ferruginous quartzitic sandstone. The jointing
and bedding are both irregular so the rock 1s broken into many-
sided irregular Dblocks. In some places hematite can be seen.
The rock weathers rusty and brown. Thickness 5 fi.

No.5 Alternate sandstones and shales. The sandstones are 2-5
inches thick, quartzitic, dense, dark red and gray, with regular
cuboidal jointing into brick-like blocks. The shales are thin,
smooth, greenish gray and not sandy. Bryozoa are rather common.
Thickness & ft.

No.6 Gray-green, buff and yellow shale. It is free from sand
and has a soapy feel. The thin laminated beds weather soft ana
punky, with a black surface. Some brachiopods were found.

: Thickness 13 ft.



No.7 Several layers of blue-gray, sometimes pink, very dense
quartzitlc sandstone with a little shelly material in the upper
half. Because of the iron it weathers darker - to brown and
red. Thickness 6 ft,

No.2 Coarse buff sandstone, with ferruginous veins which fill
the natural pore spaces petween the grains of gand. Iron is
more abundant and much darker red than usual. There are many
cavities an inch or legs across. The rock is thin bedded, but
~one layer in the middle part is 2 - 2 1/2 feet thick.

Thickneas 7 ft.

No.9 Gray sandstone with fine gray-blue shale layers. The
sandstone 1s quartzitic and mostly in beds 2-8 inches thick.
One seems to be a heavy bed, but where weathered, it shows thin
vedded sandstone. Near the bottom two or tnree layers are
redder and weather rusty. Cross-bedding is strong.

) Thickness 15 ft.

No.1l0 Black carbonaceous, red Terruginous, and brown and gray
sheales. They are sandy with rounded guartz. grains, and in
places c¢rystals of quartz partly fill cavities. There are
gome hard red sandstone layers. The ghale is crackly and
somewhat flssile, thin bedded and weak. The fosslls found
were all altered beyond recognition. Thickness 7 ft.

No.ll & strong sandstone, gray, reddish and mottled, with even

layers 1-€& inches thick. Very thin sandy shale partings occcur
between some layers. Pelecypods were found. The rock vieath-
ers dark red and rusty. Trnickness 2 ft.

No.l2 Very soft shaly sandstone in thin beds, in color dark
gray, lighter gray, yellowish and browvn. It weathers easily
to clayey sand; brachiopods were found. Thickness 2 ft.

No.l3 Very resistant gray quartzitic sandstone with pink lines
and mottlings. It is one of the upper ripple-makers in the
river. It i1s heavy bedded and cross-bedded and splite obliguely
on the cross-bedding. There are pebbly layers and scattered
pebbles in a fine grained matrix, so that 1t loocks somewhat like
the Clinch. Cavities 1/2 -2 inches acrogs are more or less
filled with chalcedony and quartz crystals. Thickness 9 1/2 ft.

No.l4 A covered interval, probably of rather soft shaly material.
Thickness 38 ft.

No.l5 Several layers of purple-red quartzitic sandstone with

fine bedding lines ol light and dark red. The layers are 2-€
inches thick and become thinner and weeker toward the top. It
weathers rusty brown. Thickness 7 1/2 ft.

No.l6 Three to six layers of dense hard purple to red quartzitic
ganédstone, even bedded and fine gralned. Some layerg split on
weathering to two or three. There is one greenlish layer in the
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series, and the whole rock weathers brown. It would make a
decorative building stone. Thickness 3 1/2 ft.

No.l7 Many thin layers (50-70) of slightly argillacecus sand-
stone and red quartzitic sandstone which become thinner and }
weaker toward the bottom. Thickness 2 ft.

No.18 A strong quartzitic sandstone in beds 2-18 inches thick,
slightly crackled and broken. It 1s mostly gray, greenish and
red in streaks and mottlings, and weathers rusty-reddish and
rough. Another ripple-maker. About five feet from the top

1s a layer of loose material apparently caused by weathering

and leaching of a more porous layer, It consists of ocherous
gand in some places and in others has a concretionary appearance.
because of a residual structure brought out by weathering.

Corals were found near the bottom. Thickness 15 ft.

No.19 Rather thin bedded buff to gray sandstone. The layers

are 1/4 - 5 inches thick. It is very much shattered and crackled

but there are no master Jjoints. Some layers are quartzitic ana

some are loose sand. It weathers pretty uniformly buff and con-

tainsg pelecypods in the middle part. Thickness 13 ft.
Total thickness 292 ft.

Giles Formation

Lower Giles
No.l A partly covered interval of white and buff sandstones with
many pink streaks. The sandstone 1s composed of rounded guartz
graing, cemented by silica. Limonite and hematite appear in the
-bedding planes and joint cracks. The sandsgstone toward the base
isg soft and easily crumbled but toward the top is quartzitic with
the pink streaks more generally distriovuted. It 18 .massive with
no distinct bedding and weathers gray to drab.
_ ' Thicknegs 20 ft.

No.2 Light colored, white to brown, fine grained quartzitic
sandstone, which beconmes darker toward the top. It 1s composed
of rounded quartz gralns cemented by silica and a little 1iron.
It 1s very resistant and forms coverhanging ledges. It weathers
white to gray. the bedding ls medium and distinct.

' Thickness 10 ft.

No.3 Dense, fine grained, seml-quartzitlc sandgtone with a few
large rounded guartz gralns cemented by silica, hematite and
limonite. The color 1is a grayish pink. It 1s less reslstant
than No.2 and forme a partly covered interval. It is thinly
bedded,? - 4 inches, with wave-marked surfaces, and weathers 1o
pinks, grays and drab. Thickness 6 ft.,6 in.

No.4 A totally covered interval of about 10 ft.



18

No.5 A partially covered interval of goft, buff to white, very
fine gralned sandstone, with pink streaks scattered throughout.
The sandstone 1s composed of rounded quartz grains cemented by
silica and some limonite. It 1is generally thin-bedded and wave-
marked but nas two 2 ft. beds. It is not resistant and crumbles
to the touch. Thickness 80 ft.

No.6 White to buff quartzitic sandstone. It 1s massively bed-
ded but shows a laminated structure upon weathering. It is
composed of rounded gquartz grains, cemented by silica and some
limonite. liany velns of manganese occur parallel to the laminae.
The sandstone weathers smooth and gray with the manganese weath-
ering out. Thickness 20 ft.

Upper Giles
No.l A cherty layer, probably replacement from Limestone. It
weathers 1in small angular fragments. Thickness 4-6 ft.

No.? Light colored, gray, yellow or buff, finely granular sand-
stone. It is composed of rounded guartz grains cemented by
silica and a flaky calcareous material. 1t has definite Dbed-
ding planes, thinly spaced, 2-4 inches, and wave-marked, and 1is
cross pedded. Hanganese 1s deposited along the Joints and the
pedding planes. It weathers easLly ieaving overhanging ledges
of No.?. Strike N 25°E, dlp 28°8 65°E. Thickness 14 ft.

No.% Reddisnh, ferruginous,fine-grained sandstone. 1t is com-
posed of a few quartz grains, not generally rounded, and cemented
by hematlite and limonite. The bedding 1sg distinct but irregular.
The sandstone 1s very resistant and forms overhanging ledges. It
weathers a dark red. Thickness 31 tt.

No.,4 Yellow, buff and red, soft sandstone. It is thinly bedded
{1-4 in.) and containg nodules and streaks of concretlonary
nematite. It weatners easily and evenly and forms a partly
covered interval. It contains a brachiopod horizon.

Thickness 12 ft.

No.S5 Purple and red, guartzitic and seml-quartzitic, Terruglnous
sandstone. It i3 massively bedded and nhas jolnts at right
angles to the bedding planes. The top grades 1nto a quartz-
pebble conglomerate whose thickness varies fronm 3-10 ft. It
weathers into smooth purpllish surfaces. Thicknegs 57 ft.

¥o.6 Duff to gray chert, brecciated toward the bottom. It has
consplcuous bedding planes. It is probably a replacement from
limestone. Thickness 4 Tt.

No.7 A greenish chloritic, or reddish orown ferruginous sand-
stone. It is non- quartzitlc and sometimes arglllaceous. It 1s
composed of fine round to angular quartz gralns cemented by
chlorite, hematite and limonite. The beds are medium slzed and
the bedding 1is apparent. It weathers smooth to dark greenlsh



grays. fosgils are numerous and leave cavities and arc some-
times gilicified. It ig not resistant and generally forms a
covered interval. Thickness 6-10 ft.

T'otal thickness 271 ft.

Romney Shale

The ghales are greatly contorted through flowage and the
thickneas 1s doubled by folding. The only determinable hori-
zons are as follows:

No.l A wave bullt conglomerate containing joint blocks and
water-worn boulders of the Glles, Rockwood and Clinch formatlona,
cemented by a highly hematitic shale breccia. It is found in
contact with the eroded surface of the Giles and contlinues into
the shale as a lens.

No.2 Black fissile shale Thickness 100 ft.

No.? Carbonaceous shale with & four foot fossil horizon.
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