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History of the Development of Ideas of
Appalachian Structure.

Prior to the inauguration of geological work by
Massachusetts in 1830, there had been little or no study of
the attitude or structure of the rocks in the Appalachian
region. The Massachusetts Survey under the direction of
Professor Hitchcock of Amherst College issued the first
statement concerning Appalachian structure. In his report of
1833 Hitchcock merely noted that the rocks dip generally to
the east. His explanation was that the rocks constitute a
series of unconformable deposits all dipping in the same
direction, but at different angles.

The next important contribution to the knowledge of the
structure of the Appalachian region was that of H. D. Rogers
in 1840. In this report he first called attention to the
unsymmetrical shapes of the anticlines in northern New Jersey,
as well as in the general Appalachian Valley as far south as
Tennessee, as follows - '""This departure from a central position
in the synclinal axis of the valley is a very usual feature
in the axes of the Appalachian chain. It results as a necessary
consequence from the northwestern dips belonging to the
anticlinal axes lying next to the southeast, or that of the
Shooley Mountain chain, being steeper than the southeastern

dips from the axis of elevation northwest of it. This want of
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symuetry in the dips of the strate would not claim a sgpecial
mention in this place but for the truly remarkable circumstance
that throughout nearly the whole length of the Appalachian
chain, embracing many hundred anticlinwl axes, the same rule
prevaeils with scarcely an exception, the northwestern dips being
steeper than the opposite southeastern onesg".

Thig recognition by Rogers of the general unsymmetrical
character of the folds was really the first light that wuas shed
on the structure of this region. Profegsor Hitchcock in his
"Elementary Geology", published the same year, offered a new
explanwtion for the prevailing southeastward dips of the
Appalachiun region. In this book Hitchcock attributes the pre-
veiling southeast dips to an actual inversion of all the strata
invelved.

In 1841 the Rogers brothers, in an oral communication made
before the Americun Philosophical Society, stated thut in their
dpinion the southeast dips so commton in the Anpalachian are not
due to general inversion of the strata but to closely compressed
folds in which the strate on the two limbs «re essentially
parallel, «nd hence dip in the same direction und at approximately
the same angle. This stuteowent plus the one given the year
before by H. D. Rogers gave the key by which Appalachian geologtc
structure could be interpreted. This stutement was followed wuy
iiitchcock, who, in the second edition of his textbook, published
in 1841, was the first to advocate in print the idew« thut
closed folds with limbs parallel and dipping in the sune

of strata from

(6]

direction, are due to forces compressing a uas



opposite directions. This is the first attempt that in any
way approaches the present conception of the manner in which
the general southeastward dips of the appalachiun region were
produced .

The Rogers brothers stated their final conclusions on this
subject in a paper entitled "The Physical Structure of the
Appalachian Chain®. 1In this paper they make the following
statement: "The above-describedl phenomena of the aips in the
Appalchian range may, we think, be rezlly accounted for by
the peculixr chuaracter of the flexures of the stratu. These

flexures, unlike the symmetrical curvature usually assigned to

anticline.l and synclin.l axes, present, in almost every instancc,

a stegpeir or more rupid arching on the northwest than on the
southeast side of every convex bendj wnd, as a direct
consequence, a steeper incurvation on the goutheast than on
the northwegt side of every concave tiurni........ On the
southeastern side of the chain, wherc the curvature is iost
sudden and the flexures wmost closely'crowded, they nresent a
succession of alternc.tecly convex and concave folds, in each of
which the lines of grewtest dip on the opposite sides of the
axes approw.ch to perwllelism, and have a nearly uniform
inclination of from 45 to 60 degrees toward the southeast".
The statement just quoted gives a fuirly clear picture of
Appalachiun folds, as they wre known toduy. In the sume paper

£

is given the first recognition of the presence of faults in

this region. Stuwted as follows:

®A festure of frequent occurrence iun certain portions of
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& of ..n inverted or folded

the Appalachian belt is the vessug
flexure into a fuult. These dislocations, preserving the
general direction of the anticlinal axes, out of which they
grow, are usuxlly prolonged to w«w grext ulstwnce, having in

soure instances - for examvle, in southwestern Vircinia - a
lenszth of ciout 100 miles. These lincs of foult occur in «ll
cases wlong the northwestuin siae of the wnticlinal, or the
gouthewstern side of the synclinal axis, wnd never in the
opposite situwtion".

The Rogers brothers did not specificwlly state that these
faults arc overthrusts, thcy nevertheless so describe them that
it is perfectly clear that they unaerstooa their character.
Their description of the great foult, later callza ithe Puluski
foult, shous that they understoouw 1its character. their
aescription is as follows: "But a few miles fTurther toward the
southwest, the whole of this enormous mountain mass (Jorth
ILlountain) sinks from vicw, excepting an isolwutea knob here or
there, of the harder rocks, which for a short distance serve
to mark the irregular progress of the fault. At length, the
dislocatioi attuwing what mey be called its muximum intensitys
the slate, =nd not infrequently, the limestone of the valley,
resting in an inverted altitude, with w gentle southwurda dip,
directly upon the southeusterly ailpping grits and shwles ol the
form.tion next beneuth the Curboniferous limestoue her
constituting the southeustern slopc of tne Lrushy -ountuin.

The sewm of semi-bhituninous cowl generally enbruced vetwecn
these strata is, in virtue of the dislocatioun, m.de to assume

the anomwlous condition of passing under the valley limestone
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at a distunce of only a few hundred feet, dippins in the sume
dirzction with that rock".

The great stumbling block in the way of wll of the early
geologists wus the accounting for the succession of parwllel
folds that had been produced in the Appalachien region. as
stated by the Rogers brothers, it seemeu inconceivable th.t
such folds coulu have been produced by tangential pressure
ance thet it wus necessary to appewl to wwves on a molten mass
Lelow the strate that wus foldede.

The correct explanwtion of the methoda of formation of
overturned rock folds und the develonment of overthrust fuults
from the breaking of these folds under strony tungential
pressure, was n.de by James i, Safford, Stute Geologist of
Tennessee. In his report on the “"Geology of Tennessee®,
putlished in 1869, he gave the following explunwtion of the
peculiur geologic structure of Bast Tennessees

"The formations of Zast Tennessee were originally horizontal.
If now we suppose u vast force to be wpplied ~long the south-
castern edge of these horizontwl formations, and to wct in a
northvesterly direction, the strate, if not wble to resist,
would yield and rise up, like thick cloth, in great wrinkles
or folds, or else, lacking the proper cegree of flexivility,
would Dbreak =long lincs of lewst resistence, in loug NeTrallel
bends or ribbons which woulu be crowded togetiner, the edpge of
one overlaoping the adjocent edge of the other".

The next forwere stev wus the recognition thel in leny

places the development of faults was much more complicuted than



Safford had supposed.
1/

C. V. Hayes next showee that the movement on some fault
vlenes had been much greater thun wes forierly supposed =nd thet
tite formations in contact with the overthrust mass woulc
depend largely upon whekthier or not there hud teen preliminary
foleing and erosion before faulting occurred. Heyes' introcuction
is ag foliows:

*Through the work of the Rogers brothers in Pennsylvani.
anc Virginia wna of Swfiorc in Tennessee, the cheructeristic
forms of Appalachiun structure have long been familiar to
geologistse  The unsywmmetrical fold hes been recognized as the
normwl structurcl form through Pennsylvaenic, Mourylena wna a

ot

portion of Virginii. In Zast Tennes:

n
i
[

@ the overthrust fuult

[¢
¢

becomes com.on".
Hayes' papecr showed that broad overthrust faults mizht be
expected whenever the rocks huve been severely compressed «ild

4

ock folds were produced.

iz

the conditions such that

-

In 1893 Builey Willis published his paper "The liechanics

s
Lo

of Appalachiun Structure" which is « very important coatribution
to the theoretical study of Appalacnian structure. In this
paper he introduces tne principle of competent wnd incompetent
stratu wnd structures as follows:

"If we describe the sufficiently firm stratum by the word

1/ The Overthrust Faults of the Southern Appalchians,
Bull. Geol. Soc. Ama., YVol. 2, 1891

2/ The iiechmnics of appalachian Structures. 135th wnnual
report of the U. S¢ Go 3., 1893
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competent, we wmay formulwte the low of anticlinal develoopment,
as deduced from these experiments, «s follows: In str.tw under
load an anticline urises along « line of initial uip, when «
thrust, sufficiently powerful to raise thc load, is trunsmitted
by < competent stratum. The resulting anticline supports the
lowd as an arch, and bLeing adequate to thet duty it mwy be
cualled « competent structure. r'rom the conaitions of the case
it follows thwt none other than z competent structure can
develop by benuing. If the thrust be not powerful enough to
rzise the load there will be no uplifts; and if the luyers be so
plastic that they yield to the thrust by swelling, then the
principal result of deformution is chunge of form other than

[ARN!

by simple flexures, <nc it wssumes some form of flowing. This

iz incompetent structure".

1/

arthur Keith in his puper “Outlines of appalachian Structure"

1/ arthur Heith, Outlines of Appe.lachian Structure. Bbull.
GeOl. BSOC. xl-nl., .V-Ol. 34, 19200

makes the folloving statement in regurd to "Competency of beds":
"The individucl rocks of the Appalachiwuns vary enormously in tae
manner of their yielding to preszsure. The geologlst in the

field soon perceives that thin-bedded rocks, like shales, slates,
anc schists, yield readily in sm.ll folds with wimensions from

o few feet down to minute wrinkles. ifcavy beds of solid quartsite,
sundstone, or dolomite wre bent in bro.d folds measurew by
hundreds of feet or by miles. The arch of FPowcll's Valley for
instance is six miles wcross and is muintuined by massive

. . - o o
Gdolomite capped by massive limestone, conglomerwie ana sandstone".
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leith in the above mentioned paper gives a sumiary of
vurious theories of mountain structure thet have been
sdvanced from time to time wnd their wpvlication to the
aAppaluchians. These theories are: contraction, suboceanic spread,
igsostasy, geosynclines, coatinuity relutions, continental cre.p.
Hlumerous culculations have been made wus to the wmount of
contraction that would follow from condensation wue to loss of
heat, These cualculations wre based on the observed increase
of heut aownward in the earth anc known conductivities of the
substances of the crust and of the atmospheres. The wmount of
lateral shortening obtained in this way ig seriously short of
the requirenments. The sane difficulty is met in the theory
of subocewunic spread, as this theory really goes buck to
contrauction of the earth for its cause. The chief obstacles
to the theory of isosgstasy wret first, isostwusy is not itself
an initiating cause, but requires some other force to start
its operation. ©Second, isosgtasy is a continuing process, but
the existence of peneplains produced auring lon¢ periods of
erosion und guiet on the land disproves the idea that the land
is continually in motion wund complctely responsive to isostasy.
Third, the thick sediments whose weight is supposed to depress
the sea-floor and cause the underflow are the very misses
which are folded wnd raised the highest. It can not be denied
that geosynclines pluyed some purt in mountain building, for
their thick deposits guave character to the folding. The facts
of geolozy determine the relative time of the great movements

of the earth's crust. These are not continuous but are
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periodic and separzted by unequal intervals. They therefore
require simple steady storing up of strain. This is « continuous
process und 1its release shoulc be continuous, this condition
ie oppomed by the lurge facts of mountain building.

The theory of lateral movement of great masscs is wn old
onej it is a necessury consequence of the shortening observed
in folded wmountain ranges. The theory of continental creep
merely extends the movement over vastly greater areas. The
most serious objection to the theory of continental creep, is
that of friction due to the moving of the crust on the interior
of the earth. Daly even went so far as to postulatsc a loyer
of gluss between the crust and the deeper earth which would
afford « minimum of friction. This seems to be a rather far
fetched idea wnd can hardly be supported by evidence.

Batholith Intrusion us Cause of ¥olding.-

The an.lysis of some of the current theories of mountain-
building has shown thut each theory has serious drawbaecks.
Thereforec Lr. Keith hus been led to tne conclusion that wnother
force hus been responsible for mountuin-building. Thecese forces
wre heat, which is shown by metamorphism and the growth of new
minerwls, and the force exerted by igneous intrusions.

Keith opens his argument as follows: ®Thec association of
igneous intrusions und extrusions with periods of mountain-
building hac been observed «nd commented on by many writers,
but in «ll cases known to the wuthor the intrusions hwve been
regarded as results of mountuin-building forces and not their
cause. 1t seems to the writer that the case is reversed and
that igneous intrusions, which are the greatest exumples of

heat wndé force known to us, ana which are definitely
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agsociated with mountain-builuing, should be rated ws the cause
of the building of mountains, which show to us the greatest
known results of heat and pressure".

This theory sounds plwusible when we consider the following
factss thne associution of igneous intrusions with mountain-
formation, and thut in the Appulachians lurge batholiths were
intruded «t the time of their formw.tion. iost intrusicus show
great force. This is particulurly true of batholiths,
laccoliths and sills, which plainly have Tforced apart lurge
rock rn.sses or have lifted tons of overlying strata. That they
werc intruded under great pressurc is shovn in muny places by
the shattéring und rending of the country rocke The width of
the now visible portions of individual batholiths (as great
as 30 miles) is vroof of an enormous amount of separation of
the country rocks. The ground »lwen of the batholiths in relation
to that of folding ie suggestive. The two main seats of
intrusion ure at the north and south ends of the Appalwachians.
Paruallel to these intruded areas is seen the greatest
development of thrust faulting.

We usually think of magmas as simply lifting up the
overburden, but a horizontal motion it just wus pluusible when
we remenber that theoretically magmas are fluid. Therefore,
hydrostatic conditions must have prevailea in the magma as a
whole. That being the casc, whatever was the direction of
initial pressure, the pressure trunsmittea woula be «t right
angles to all confining surfaces, thereby pushing the confining

walls apart.
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The combinwtion of included gases and growing crystals is
another means of accounting for a part of the pressure necessary
to this theory.

In suwming up, the theory of batholithic intrusion seeks to
explain the folds and faults of the Appalachians by pressure
from int&¥sions of Nagh.

It seems that the chief objectionsg to this theory are:
first, that a large part of the apparent separation of the
country rock is merely substitution of the batholith for the

1/
-—
country rock, by mwgmutic stoping and the aigestion of it.

1/ Daly: Igneous Rocks and Their Origin, a textbook. 1914.

decond, if crystals do exert w pressure sufficient to move lirge
mwsses of strata, it would be w very limiteu motion wnd con-
paratively insignificant when we think of the greut amount of
motion necessary to result in the great folus wnd thrust faults
of the Appalachicns. The thira and chief objection to the

theory of batholithic intrusiuns cuusging the folding and fuulting
is in the age of these intrusions. There wre many faults in
gsouthwestern Virginiw. that break through strata of Curboniferous
age and thercfor. must be post-Carboniferous faults. vhile

most of the igneous intrusions, especially the batholiths, are

of pre-Cumbrian or lower Cambrian age.
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Structure of Vestern Virginia Appalachian
Mountain Province.

The sedimentuary rock luyersof this tegion mve been
extensively folded, the folds having their elongated wuxes
parzllel and trending northeastward. Lirosion huas worn off
many of the upper layers of rock, sa that their edges now
appear at the surfacec in nwrrow nearly purallel belts. The
layers of éandstone and qu:rtzite resisted erosion, but the
shuale and limestone layers hove been decply eroded, and form
valleys between ridges of the hurder rock. These generclly
strike northeust, being controlled by the structure, ana form
the beit of valleys and ridges which occupies the western side
of the Vulley of Virginia.

The folds umsually extend for long distunces, rising and
falling throughout their length, «nd at their ends generally
pitch sharply, their pluces being taken by other folds on
either side.

Generally only one side of a fold is seen in an outcrop,
the luyers d&ivpping in onc direction, either into a syncline or
avey from an unticline. Unly where the strata pitch or rise
at the end of = fold ure larger synclines or wunticlines
recognizable by the looping of the ridges around the end of the
fold. ikny wrinkles or small folds may be seen in the outcrops
of the lurger oncs, especlally wher: strewms have cut throuch
the larger structures thus giving a better exposure.

The foliing is moct intense on the southeastern side of the
Appalachian Valley and becomes less intense northwestward. The

closest folding therefore is in limestornes and asgoclated shuales
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of Ordovician und Czmbrian age. These folds do not have so
marked an effect on the topography as do those of thc norta-
western pert,aue to the absence of hwrd beds at the surface
to make ridges. The most outstunding exception to this rule
is lassanutten lountain. This mountain is produced by a
synclinal fold of such greal depth that thebhard Tuscarwru sand-
stone which overlies the other rocks was brought so low thet it
was protected from complete removaul by erosion. So these
hurdbeds form an ouslying mountain in the valley.

A long narrow infola of Carboniferous rocks lies southwest
of Fincastle and extends southwesiward nearly as far ws larion,
its hard rocks forming Little Valker Fountain most of the
distance. Upvosite the point where this syncline shwllows and
the Carboniferous ends, unother long synelindal fold to the west
deepens and encloses Carboniferous rocks which extend southward
to the State line. These rocks are soft and do not form such
high mountuing ws do the Carboniferous sandstoncs to the nortn.

Muny of the folds in the appalachian Vulloy are so tightly
compressed that the beds huve broken and the rocks on the
southeast side have bheen pushed over those on the northwest
along w thrust fault plane.

Stose and Miser have the following to say in regara to

1
faults in western Virginias M“Although some faults of congiderable

1/ Mangunese Beposits of Western Virginiec. Vae Geols ourve
sulle 25, 1922.

horizontul disnluccrent occur within the vulley ridges,

perticularly one at the southeast foot of the Appaluchiun
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Platewu escarpnent in vise, Dussell and Tezewell countiecs, tie
grewtest fuulte occur in the limestone valley or —ithin the wd-
Jacent appalachian lounteias. A major fuult whichi enters the
state from the north lies within the luc Zidee or wt its western

¢ 1t enters ihe open villey of

bt

foot as fur south as :lownokc. ile
the Valley of Virginion, which is noarrow «wt this point, cros:es
to 1ts western side, wend then follotz the southeast fool oif the .
first range o the Valley Ridges southwestward, wherc Ordoviciun
and Cunbrian limestoncs arce faulted wguinst Corvonifero s rockse
‘he fault vlane vhich was originally nearly horizontal, has
itself been strongly foldcu by later warping of the rocks, ana
in places the overthrust rocks have becn eroded from the upiolas
ane mountains of younger over-ridden rocks and now aprear tnru
breaks, as "fensters", in the overthrust rocks".

The most rerwrkable fensters of which 1 cun fiinu record ure
three in the vicinity of llew River. The best kxnown fenster
in the New Hiver region is that of Price iLiountain, a low ridge
about five miles long, lying midwey betveen Christiansburg anc
Blucksburg. The ridge extends east-west and i1s not over 40C
feet highe. The structu.e of the rid¢ge is thatl of wn elongate
dome with the rocks vipping in general awuwy from the central
part. INot only do the Carboniferous rocks comprising the
mountain dip in this rauncse, "ot thie Shemaicoch lirestone
surrounding it also dips away from the center of the come. The
riost important structural feature ‘okserved in this fensiler ig
the almost peirfect parcllelism between the beus or limostone
oné the recs oi the cowl-bewring rocks upon whichh they resti.

“his fact rpukesg it possible to correlate the fuvlt surrounalng
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1/

ome c¢ther fuultz of the repion.

]

o

it with

L/ Cuumpbell wna zoldent The Valley Cool rielcs of Virginia,
Vae weol. Surv. rull. 25, 1925,

There is only one other major overthrust fuult that has teen
azgcribec in the northern portion of western Virginie. This
feult developes newr Duffalo Gup anc extends nor thvare to tis
ptate linc. The gmount or 1ts throw varies conziderablys for
12 wiles the lower portic: of the lassenuticn sunastone is over-
thrust on the Jomney sghale, cxcent neer otribling Spriang.,
vhere the ! onterey sandsgtone anc the Lewistown liwmegione come
in for o short distance wlong the west clope of Buck Lill.iowvth
of the nill the iwrtinsvurg chele lies wgocinst the Homney shwdle,
«nG then vith wan incres.e in the awmount of throw, ihe Bhenwndc.h

2/

limcstlone iz brought asuingt the Jennings formeiion.

2/ Darton, M. H., Stuunton Folio, U.3.G.5. Lo 12, 1894,

The grewtest wicth ol the faulter wre.in southwestein
Virpinie ig whout 4C riles, weasurew on a ling pesiing through
.ythe, Blenc, ona Tuzewell counticz. Whese fuully are sepuarwted
by warying cistuences, wnc sho. inox limgsgtone o the southerly
or uwvthrow gide, while the beds on the novtherly or covintiron
side rmey belon: wnyvhere from Lower 3ilurian to Usper
Curboniferous. "Thus the region is vroxen into « series of
trich" und "poor® vallcys, underleid in ths former vy Lower

Silurisn lirestores and in the lotter by Upver Silurien wnc
S/
hiles™s

5/ Stevenson,J.Je.; Faults of Southwest Virginiw. awm.dour.
Sci. 3rd series, Vol.33, 1l&c7.

Devonien s
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Therc wre at least seven mejor foults that enter Virginia

from Tennessee und truverse the region in & northewst-gsouthwest
directione. Several of these faults hove Leen described in
Getall in some one of the Virginie. Geolosicwl Burvey scries of
reporte cn the cowl fielus of Virginie. The Pulesii fuult ig
typical of the faults of this regicn and will be described in
some detail.

The full extent of the Fulaski fault hes not been determined.
It has been traced from Fulacki southwest to the vicinity of
Timberricge, « village 6 miles southwest of Creenville, Tennessee.
In the opposite direction it extends to =« point B miles northwest
of Fincastle, Virginiw. The fault mey extend further toward the
northeast but «ll evidence at present indicates thwat its terminwtion
will be found neur agle Rock on the James River. This fault is
about 200 miles long, its length is not «s greatlt «s gome other
faults of the region, but as determined by the «mount of known
anc neacsurable overthrust it is one of the largesli thet has been
described.

In . general wviey the faults of the Appalcchiwn Yrovince arc
rué¢ely parullel, but the Pulaski fuult is an exception, for in
places it depurts widely from the gencrel trend of the geologic

¢ of 4his fault from its scouthern enc to

6]

structures. The counr
abingéon, Virginiw, conforms to th: general structure of the area,
but it shows no relation to the fault immedistcely west ol 1t,
sometivies known ws the Blana or baltville fault, g this fault
vhen it approaches the State line veere off to the west in its
cource into Temnnessee. The cause of this divexrgence of the two

faults is that in Tennessee they lie con differ nt sides of « great
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synclince

From the eastern edge of wythe County to the eastern
boundary of .ontgomery County the Pulaski fault is very irregulaxr,
crossing a number of anticlires wund synclines. At the point
where ljontgowery, Craig, wand Roanoke counties come together the
Pulaski fault is joined by a subordinate fault, thit extonds
dovn the Valley of Craig Creek. The termination of this fuult
hews not been estavlished.

The Pulaski fault is essentially the same ws the other
overthrust faults of the region, differing only in the extent
of movement th.t hus tuken place on its fault plane. In the
vicinity of Pulwski the horizontal displiccement of this fueult is n
not less thon 9 miles, and may be greuter.

Points in supovort of the statement thut the Pulaski fault is
an ordinury overthrust fault that has developeu from and over-
turned fold are as followses A study of the southwest termination
of the Fulaski fauult as shown in the Greenville folio mukes it
clear that this fault developes in «n anticline of Knox dolomite
and anyone familiar with the geology of the Appalachians will at
once recognize thw.t the Knox dolowmite 1s probally the mogt newrly
competent of any of the beds or formetions present in the
peleozoic column. The second point in fuvor of the fold theory
is the succession of formationg in the overthrust mass. 1In a
feult developed from an overturned fold there is, after erosion has
remnoved the fold at the extreme edge of the overthrust muss, a
general agreement in the dip of the overthrust beds and that of

the fault pleane wnd the oldest rocks wre found zlong the trace

“\_J

of the fault. The field evidence ghows this to be the condition.

I/ Campbell,li.f.,Valley Coal Fields of Virginic, Va .Geol.Burv.
Bulle. 25, 1925.
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There is a generc.l impression that bro.d overthrust movement
iz directly connected with grect longitudinal extent, but sucw
is not necescsarily the case. The general rule seems t0 be tiuat
the stresses from the southwest of the Appalachian Velley were
relieved in one place vy great movement on a certain feult and in
another place by equally great movement on another fault, or o
distribution of the displacement among severwl faults, no one of
wnich is éreat enough to be out of the orainary cluss. Such
a conuition is known as "En echelon arrangement of faults". The
result of such an crrangement of the faulte is that the movement
in different purts of southwecstern Virginiw has been pzactically
the same though uistributea throughout a number of fuults of
varying amounts of overthruste.

It oust not be inferred that faults wre equully abundant in
w1l purts of the Appaleachiun region. In the southern purt fuults
are the rule and open folds are the excepticn, but in the central
and northern part of tne province, open folds are the rule and
feults ar. the exception.

On the Jumes River in the vicinity of fuwgle Rock there is an
irreguler anticline of large dimensions averturned to the north-
west and pitching to the northeast. On the fur side of the river
it is nearly six miles wide. Iays Fountain is an erosion remnant
of its southemst lirmb and Rut Hole Lountain of its northwegt limb.
Iin Rat Hole Lountain the Clinch e«na associated sandstones, over=-
turnec to the northwest, are duplicated by feulting vhiclhi occurred
before the formation of the great anticline. Ten miles to the

northeust there is relutively little fuulting. This point,
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therefore, may be considered the dividing line between the
region of little overthrusting on the northesgst cnd an area of
great overthrusting on the southwest.

The most remarkable feature develpped in southwestern Virginia
as the result of thrust faulting is the greut Cumberland block.
This rerarm.ble quadrilateral block was first recognized by
Sefford who described its southwestern extremity. It extends
from Cave Creek in Camobell Co nty, Tennessee, northeastwarc for
125 miles to the valley of Russel Fork of Big Sundy River in
Dickenson and Buchanun countics, Virginiu, ond lices in parts of
three states: Virginiw, Kentucky, and Tennessee. The Tlock is
very uniform in width, averaging about 25 miles. It is bounded
on the northwest by the FYine liountain fault and on the southeast.
by the Hunter Valley fault and the closely associated puwrallel
fault which is devcloped only from Big Stone Gap southwestward.
The southwest end is marked by the Jacksboro cross fault and the
northeast end by the HRussel Fork cross fault. The relatio:s of
these boundary faults nay be more clearly seen by reference to
the map which accompanies this paper ana to figure 1.

From Norton, Virginia, northeustward, coal measure Trocks are
exposed at the surfice throughout the entire width of the blocks
but from Norton southwestward the block wmay be dividea into two
purts, that part lying northwest of Stone and Cunberland
mountainrs beins synclinel in structure anu compoesed of cowl
reasure rocks, whereas that part southeast of these mountaing is
aznticlinal in structure and composed of rocke of much greuter wge.
The syncline, generally known as the Lillsboro syncline, is a

broad, flat-bottomed tromgh wt the northeast end of the tlock,
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but further west near Dante an arch appecrs which develops
rapidly westward into ti.e Powell Vaulley anticline that constitutes
the southern part of the block. Both the Millsboro syncline wnd
the Powell Valley anticline are chuaracterized by steep dips on the
northwest limbs wnd gentle ¢ips on the southeust limbs. The
erosion by Powell River and its tributeries of the top of Powell
Valley anticline accounts for the exposure of pre-Carboniferous
rocks in thec southern portion of the block and the narrowing of
the coal measure portion on the north.

The tovography of the tlock is intirately related to the
structure. Pine lLountcin throughout its entire length is o
barrier, especially on its northwest fuce where at weny points
it rises in less than ¢ mile, 1,00 to 2,000 feet wbove the strezms
wnich parallel it. For necurly 90 miles no stream crosses it
end in the entire distance of 125 miles not over huwlf « dozen roads
give « difficult passage wcross it. Its crest is the hard
conglomerate of the Lee formetion which marks the edge of the
overthrust vlock. Bluack lountein and parts of Sandy JRiage are
regidu«l mountaing left in the disssction of the flat lying coal
measures. Big A llountwuin is composed of resistunt swndstones
or the DJockwood formation, overthrust on the coul neasures.

The surface feuturcs of that portion of the block within the
coal field are those of « maturely dissected plateau wkth sharp
crested ridges and deep valleys. The surface of tne pre-
Curboniferous portion is rolling, with sinkholes developed in

the limestone portion.

;/ Wentworth, C. K., Geology und Coal R _sourceg of Dickenson
County, Virginia. Va. Geol. Surve. Bull. 21, 1921.



tlock is thought to be ws follows: The rocks of the Llock were
subjected to strong lutercl compression from the southeast. The
thicker sedimentary rocks west of A (Fig.l.) seem not to have
yielcded as did those to the ewst, and therefore acted wg =
buttress aguinst which the rocks to the esst were deformec. The
result vas the formetion of the bounding faulls and the skewing
or twisting of the grect block to the west about C (Fig. l.) as

a pivot.

Normal Faults.

llost geologists are of the opinion that practically o1l of
the faults of the Appaluchian region arc of the overthrust
variety. OSut muny normal faults have been observed by Campbell
in the Devonian shale of the vwrious fensters on or newr liew
Kiver. Ordinarily thece faults wre not recognized because the
displacement is smwll and the 1 ocks aure of such w character thet
it is difficult to identify on the surfuce a given ved for any

1/

distence, and so an offset can not be detected.

1/Campbell, 1I. R., The Valley Cocl Fields of Virginia, Va. Geol.
SUrve, Sull. 25, 1925

Hormal faults are also comuon in the cowl fields of the region,
as they are mentioned in all of the coal reports. Generally the
amount of movement on the i'ault plune hus been so siight thut the
cowl bed is displaced only &« few inches or « few feet, hovcver

in ptaces normzl faults of a much grewter mugnitude heve been

found. One of the larger normal fauvlts occurc in the Slurser
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mine, described by Campbell in culletin .5 of the Vivginie

veolopical sSurvey. were the offset ol the cowl bew ic whout 15
fect wnc it iv cleawr thoel it was cuusce by tension and not e
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L Curinbzll, e ey, The Valley Cowl Fields of Virginic. Duli.
20y VaeGeols 0urve, 1520

Structure of Central Virginia
Piedmont Province

The Pieamont ¥rovince lies between tne Coastul Plein anc
the Apvalachien . ounteins. It exitcends [rom the eastein slope
of the olue Licge eartwara to the western murgin of the Cowstal
Fliiin. The newrly norizontel cnu unconsolicat- ¢ sediments of
the Coastul Plein lic across the bevelled edges of the nighly
crumpled crystalline rocks of the rieuwmout, presenting o sharp
geologic boundery vetween the two provinces. The boundary on
the west is less sudden wnc well murked.

Lack of systortic study of the Pieumont region forbius niose
than a general uescripticn of its struc.ure wt this time. Lhe
rocks comprising the region cre the oluest in the State anc,
excepting the wreusg of Triussic rocks, they wre 1l crystalline.

altere
rthey are made vp of both sedimentary ana igneous masses S0 greatly/
frow wetwmorpnisw, chiefly by pressure ana recrystuelliizution,
that rany of then bear vwut very slight resemslance to tle
orizinel masses. This netaorvhiisk has induced sccondery
foligtio: in the rocks vy arranging the riner.l constituents

A

> folicition of wiilch,

-~

wlong somewhot pareliel lincs uwr pleness; b
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deposition of ore minerals in sufficient abundance to be of

comuercial importance.
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