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1.

INTRODUCTION

During the summer of 1924 the writer was employed by a
power company in making & geclogical examination for a proposed
hydroelectric tunnel in the Southern Appalachians. A period of
about 8ix weeks was spent in the field. The work was in Graham
County, N. C., which lies in the Great Smoky Mountains, in the
extreme southwestern part of the state.

The investigation, which is taken as the basis of this
thesis, was for the purpose of determining the nature and struc-
ture of the rocks likely %o be encountered in driving the tunnel
end also to locate a suitable guarry site for concrete aggregate
necessary in building & dam and lining the tunnel.

The position of the dam and tunnel are shown on the accom-
panying portion of the U.S.G.S. topographic map, Plate 1. The
proposed tunnel, which is sbout five miles long, is a part of
the project fof'déveloping the power of the Cheoah River by
building a dam two hundred feet high, diverting the impounded

waters through the mountains and dropping them six hundred feet
into the Little Tennessee River.

This study has involved first, the field work of mapping
in considerable detail the geology of a strip of county along
the tumnel line and of examining the genmeral vicinity for all
information of value in interpreting the geology of the area
mapped; second, the preparation of a geological map and & lon-
gitudinal section along the tunnel line; and third, & detailed

report on the geological and engineering features of the problem.

| | | .
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FIELD WORK

. At the time of the examination the oniy available topogra-
phic map covering all of the regionm to be studied was the UeSeGeS
sheet of the Nantahala Quadrangle, surveyed in 1892. This was
useful for some purposes, but‘the scale is too small and the to-
Pography too approximate to be of much use in the detailed geolog
mapping required. Excellent use was made, however, of some maps
which the company supplied. These were photostat copies of
S8plendid large scale maps with ten toot contours, showing the
Cheoah River valley from its mouth to the damsite at Santeetlah
and for 200 to 250 feet in elevation above the river. The com-
pany had also maps showing limited topography at all the tunnel
portals i.e., at the damsite, the two Cheoah River crossings,
Yellow Creek, and the Little Tennessee River, and certain
small scale itand maps. All these were useful in compiling the
large map berewith included (plate 1V).

Por control on the rest of the topographic and geologic
mapping, numerous traverses were run. The company furnished a
transit party which staked out the tunnel line by stadia. This
transit party was used also in running a number of other traver-
ses for mapping outérops particularly in the rougher parts of
the territory om both sides ot the tunnel line. 1In addition to
these stadia traverses, numerous compass and pacing traverses
weré run, some of them with the aid of & smail plane table smd
Brunton alidade. Most of the area covered in detail is shown

on the map.
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GEOLOGIC MAP AND SECTION

In the analysis of the collected date, the engineering
asPéets ot the funnel problem have been of primary considersation.
A topographic map of e tairly wide strip along the tunnel 11ne
was highly desirasble, and as none existed, the accompanying one
has been compiled from the various sources already indicated.

See plate 1V.

The colors show the distinctions in the country rock which
it seemed desirable to make. There are no horizon markers which
can be traced throughout the Great Smoky Formation; therefore,
one color does not represent the same stratigraphic horizon
througnous the area; but on vhe other hand, it attemps to repre-
sent a certain lighologic type or grouping which is fairly uni-
form within certain limits.

The geological section along the tunnel line is drawn to
the same scale as the map vertically and horizontically i.e.,
one inch to 400 feet; hence the lines drawn parallel to the
bedding show, with some approximation to be sure, the actusl
apperent dips. They do not indicate anything in regard to the
thickness of the beds. It is evident that the apparent dips
along the direction of the tunnel are not the true dips of the
beds, for the line does not cross them at right angles to their
strike.

and

This map section should be useful in Preparing estimates
besed on the natwre amnd structure of the rocks to be tunneled,
as well as for many other uses of genmeral layout map. The to-
pography in the vicinity of the tunnel portals is quité relisble,

The sketchy portions are over the rough high aress between.




On the map just east of Johnson is shown the most desira-
ble quarry site to be found near %he dem and on the side of the
river where the cﬁnstruction railroad will be located. Another
8ite with good rock but less advantageous location is shown

about 2000 feet downstreanm from Johnson at the river bend.




GEOLOGY OF THE ARFA

1. NATURE OF THE ROCKS !

The rocks in‘the zone traversed by the tunnel line are all
within a single arkose formetion, of great but unknown thickness,
known as the Great Smoky Conglomerate. It is a rart of the Ocoee
group, and is described by Arthur Keith in his report of 1904 on
the geology of the Nantahals Quadrangle.

Only minor portions of the formation appear to be coarse
enough to be properly ozl led conglomersate.

Quartz-feldspar conglomerate and Sandstone--mainly the lat-
ter--and some of it schistose, together with slate, quartzite,
and mics and chlorite Schists, make up the formation. It is
essentially a unit, several hundred feet in thickness, with var-
istions in composition due rartly to differences in the meterial
originelly deposited to form the rock and partly to the dynamic
metamorphism which has oceurred since.

The distinctions made by the colors om the map are between
several approximaté combinations of massive arkose, schistose
arkose, mica-chlorite schist, and slate. Quartzite and vein
quartz also occur but in minor amounts. .

(A) Massive Arkose

Much of the formetion--herein called massive arkose--is s
very hard, grayish, well cemented, sedimentary rock composed of
angular grains of quartz and feldspar in about equal Proportions
and with a little dark mics.

It occurs in beds from ome %o farty feet thieck. Inm places
these beds ares separated by thin beds of siate or schist, from a

few inches to three feet thick.




The beds are usuaslly remarksbly uniform in texture, a
laminations are exceptionally difficult to detect. There i
however, more or less difference in texture frequently nota
tween adjacent beds and cross-bedding is not uncommon.

There are occasionally to be seen fragments of an old
up to a foot long in the arkose and also faintly outlined r
boulders of either previously cemented arkose or the origin
igneous rock.

(B} sSchistose arkose and mica-chlorite schist.

Where the massive arkose has given way to excessive p
and shear during the deformation, schistosity has been deve
in varying degrees. Mica has developed during the deformat
so that the schistose arkose contains considerably more of
than the massive arkose, Where the schistosity has been mo
intensely developed, the rock is changed almost wholly to a
chlorite schist,--a greenish appearing rock, with abundant
garnets in 1t in many places.

The schistose arkose is for thne most part a hard rock
unweathered- practically as hard as the massive arkose excep
it hes the capacity %o bresk more readily. Only when it ha
come dominantly mica and chlorite is it much softer.

(C) Slate

Interbedded with the arkose there &are some dark bluis
slates and slaty schists which evidently were originally d
ted as clayey material. In some sections of the formation -
is quite abundant. It is composed essentially of chlorite
mica, end hence is not very hard.

The rocks in the vicinity of Yellow Creek contain a g

deal of slate and slaty schist interbedded with more or les
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schistose arkose.

The cleavage in the schists and schistose arkose is every-
where steeply dipping, usually to the southeast.
(D) Quartzite, Vein Quartz, and White Mica Schist

There is a small amount of thinly bedded quartzite inter-
bedded with the arkose and slates. These quartzite layers--origin-
ally the beds of pure quartz sand in the formetion--usually are
less than a foot or so thick, often only a few inches. They
probably sre scattered throughout the whole formation but are most
conspicuous in the slaty sections due to their greater resistance
to weathering.

Vein quartz, prectically indistinguisbable from the guartzite
also is rather abundantly scattered--though in minor amounts--
mostly through the slates and schists in narrow stringers and len-
ses. Veins up to four feet wide are found-as, for example, the
one striking N.45°F on top of Yellow Creek Mountain 300 feet
east of station 194. These veins are usually parsllel to the
8chistosity and nearly parallel to the bedding where seen in out-
crops. But the slate aud schist weather so readily that the
quartz is seen mostly in the surface debris.

There ie & smell amount of white mica schist slso, notably

on the north slope of Yellow Creek Mountain.

(E) General Observations

It is e;ident that the softest sections of the rocks are
those containing the most slate and schist. Usually these are
interbedded with harder arkose so that the mass as a whole may
be considered hard.

The massive arkose is very resistant to weathering. Some




of the schistose arkose is deeply decayed.  In some places
where it is interbedded with more massive arkose it is weathered
to a-soft micaceous clay to a depth of over thirty feet while
the massive arkose remains hard and fresh,

The schist and slate yield readily to weathering--especi-
ally disintegration and erosion. Their presence is often marked

by lack of outcrops and by low places in the topography.

2. DEFORMATION

(4) Rolding
The rocks have been folded so.that the beds sre rather

steeply dipping--usually from thirty to ninety degrees. The
strike throughout the area is slmost uniform--sbout north fifty-
five degrees east. ,

The folding is not of & simple type. There appears to be
;ntense crumpling of the beds concentrated within rather narrow
zénes--only a few hundred feet wide across the strike in some
places~~with, between these zones, distances up to half a mile
or more where the attitude of the beds remains about uniform.

Just north of the lower crossing of the tunnel line s&nd
the Cheosah Rivér is a notable example of this concentrated
folding in massive arkose. (See Plate 11). There the river
hes taken advantage of the shattered zone and follows the axes
of the folds where they intersect it, a few hundred feet west.

The axes of the folds extend northeast and southwest and
ere not ususlly horizontal but pitch as much as thirty-five de-
grees. Hence it is impossible to project a particular fold
horizontally very far northeast or southwest in the direction

~of its axis, for probably it dies out and other nesrly parasllel

folds appear.




Slight differences in original composition and in the
degree of deformation make it impossible to assume that one type
of rock persists very far even in the same apparent horizon; for
example, beds of ﬁard messive arkose in one place nay be highly
schistose arkose or pure schist a thousand feet away.

(B) Jointing

Jointing is conspicuous in the massive arkose nearly every-
wheie it outcrops. This is to be expected under such defarmation
as has occurred. Usually there are joiﬁts--variously spaced--
about parallel to the bedding, and a more prominent set striking
northeast within fifteen degrees of the strike of the beds and
intersecting the bedding at angles of from forty to seventy de-
grees.

Parallel joints developed -in maséive arkose were often
difficult to distinguish from the similarly spaced bedding
planes. In fact, this abundant parallel Jjointing is one of the
most misleading features to any observer. Note the sketches of
outerops on Plate 111.

| Where the rocks have yielded more readily to the deforma-
tion, the arkose has developed schistosity and hence shows little
widely spaced jointing. The slates have becomé schists aléo.
The crumpled zones in the slaty rocks are very closely folded
and should be tight and nearly impervious.
(C) PFaulting

There is no direct evidence of fauiting. but it is not
at all unlikely to accompany this type of folding. The most
likely possibility of a fault seems to be in Yellow Creek
Mountain Jjust south of the summit. This would be an everthrust

fault dipping southeast with the beds on the southeast riding
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up over those to the northwest., It could account for the change
in attitude of beds between station 180 and 190 and some shatter-
ing and quartz veins thereabouts.

(D) Structural Int erpr etation

. The unraveling of the structures in this region is not at
&ll simple. Where schistosity is much developed, the bedding is
of ten obliterated In the most massive arkose the beds are 8o
thick end uniform throughout in composition that the average sized
moss-covered outcerop does not readily reveal which lines or Joints
, Tepresent bedding planes or in which direction is top or bottom
of the beds.

The determination of top and bottom of beds was essential
in working out the folding, hence outcrops constantly were scru-
tinized for evidence on this point. Ripple marks, cross-bedding,
gradation in size of grain, mad relative attitude of cleavage
snd bedding all were valuable criteria. The two latter were most
frequently observeble and hence most useful. The sketches on
Plate 111 are frdm notes on outcrops observed.

Thln 8laty beds sheared between hard beds as the latter
8lid over each other in folding have developed beautiful frac-
ture cleavage. By its attitude this shows which bed has moved
up and hence which is the top bed stratigraphically.

In the highly schistose arkose and in the mica chlorite
schist, bedding is sometimes plainly marked by certain color
lines intersecting the cleavage.

The intersecting cieavage @ d bedding reveal not only the
limb of the fold on which the outcrop lies, but slsoc the approx-
imate,direction and Pitch of the axis of the fold. These
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obssrvations show that most of the folds have considerable pitch,
This is well confirmed by observations on some beautiful folds
in the same formation cut across by the Little Tennessee River
several miles dowﬁstream_from the tunmel outlet.

In this region as elsewhere in the Appalachians, the main
deformation seems to have followed & great thrust from the south-

east. The folding varies from fairly open to the closely isoeli-

nal Wpe .

THE TUNNEL

It is evident that the tunnel will traverse hard rock for
the most of its course. The arkose beds are in many places ten
to forty feet thick but the jointing breaks them sufficiently to
reiieve tie diificulties of blasting perfectly massive rock. In
the schiétose zones, the rock breaks readily along the cleavages
which everywhere strike northeast and southwest and dip steeply-~
usually to the southeast.

1t does not seem likely that lining the tunnels to prevent
leakage would be necessary except perhaps in the most intensely
folded and shattered zones in the hard rock which has not entirely
yielded td flowage. Certainly the closely fplded schist zones
are tight.

It may be desirasble to line the tunnel for purely hydraulic
resasons. .

If there is a feult in Yellow Creek Mountain or anywhere else

it may present a problem in itself.

QUARRY SITE
In selecting a site for a quarry adequate to supply the

concrete aggregate for -the dam, several things were kept in mind.
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* The rock must be abundant, of good quality, practically free from
clay seams, slate, or schist. The attitude of the bedding should
render it easy to quarry from the face of entry end it should not
be so much shattered and jointed but that large "pldms" can be
obtained for the dem. As the construction railroad hes to be
built in to the damsite along the Cheoah River from its mouth,
the quarry should be at some convenient place enroute and as near
as possible to the dam,and there should be available space ad-
Jacent for yards or storage tracks.

These conditions appear to be best fulfilled by the quarry

site just east of Johnson which ié shown on the map, plate 1V.

The rock is thick bedded and nessive arkose with very little in-
terbedded slate or schist. It stands up in & bold outcrop. The
beds striké north fifty-five degrees east and dip about seventy-
five degrees northwest and vary in thickness from three feet to
thirty feet. The main joints, irregularly spaced but not too
close, strike sbout north forty degrees east md dip seventy-
five degrees southeast. 5 é

It is notable that this quarry site is bounded on the north
by a zone of schist several hundred feet wide which would be

utterly useless for concrete aggregate.
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