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Charlottesville, Va., August 6, 1927.

To tke State Con.serafi,ott and Develobment Cowrnission:

Gentleman:

I have the honor to transmit and to recommend for publication as

Bulletin 28 of the Virginia Geological Survey Series of reports a manu-
script and illustrations of a report on Fensters i'n the Cuw,beiland Over-
thrust Block in Southzaestern Vi,rgi,nia, by Charles Butts.

The general purpose of this bulletin is to show that there are places

in southwestern Virginia underlain by iron ore of Silurian age which may

be of commercial value, and to show in detail the structural conditions
existing in this section of the State.

This is the second of a series of reports which will be prepared by
Mr. Butts in connection with the detailed mapping of the stratigraphy of
the Valley of southwestern Virginia which he is engaged in at the pres-

ent time, under a cooperative agreement between the State and Federal

surveys.
Respectfully submitted,

Wrr,eun A. NelsoN,

State Geologist.
Approved for publication:

State Conservation and Development Commission,

Richmond, Virginia, September 27, Iy27.

E. O. FlrpvtN, Erecut'i'ue Secretary.
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FENSTERS IN THE CUMBERLAND OVERTHRUST
BLOCK IN SOUTHWESTERN VIRGINIA

Bv Cnanr.Es Butts

Prepared in cooperatio, aritrt, the IJnited, states Geological swvey

INTRODUCTIO\I
The existence of a {enster 2 mires southeast of Rose Hilr, I,ee

county, va., was discovered by the writer in rg23 in connection with an
examination occasioned by the occurrence of petroleum, as hereinafter
more fully explained, and a brief description was published in a press
bulletin of the United States Geological survey issued in July of that
year.

"Fenster" is a German worcl meaning window. As a geologic term it
may be defined as an opening-for exanple, in the bottom of a valley-
worn by erosion through an overthrust mass of strata and revealing the
younger strata beneath the overthrust rocks, as shown in the profile sec-
tion on Plate 2, B. The interest and importance of fensters lie in the
fact that they afford certain proof of the overthrusting.

DISTRIBUTION AND OCCURRENCE OF'THE F'ENSTERS

In the prosecution of a survey for a new geologic map of Virginia, in
the summer of 1926, three other fensters were discovered within a dis-
tance of 4 miles along the strike southwest of the one foLtnd. rn 1923,
as shown in the sketch map accompanying this paper (plate 2, A).
The region is very crudely represented on the ...onn"irrnr,ce topographic
map of the Jonesville quadrangle. Briefly stated, these fensters disclose
the clinton or formations immecliately underrying the clinton beneath
Upper Cambrian limestone or the next overlyi.rg 

-Copp., 
Ridge (,.Mid_

dle ozarkian") dolomite, which has been thrusi hoiizontally westward
over the younger Silurian and ordovician rocks. These relations are
absolutely clear and unmistakable.

The existence of this thrust block had been previously noted bv
Wentworth 1 who described its extent and relations.

The clinton formation in the fenster about 2 miles southeast of
Rose Hill occupies an area o{ perhaps a quarter of a square mile at the
head o{ the western of two southward-flowing branches of Martin

1. Wentworth, C. K., Russell Fork fault of southwest Virginia: Jour. Ge_olgy, vol. 29, pp. 3b1-369, 1921.
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Creek, shown on the Jonesville topographic map- Here the Clinton for-

mation crops out in the bottom of the valley and extends 100 feet or so

up on the sides of the valley toward the head o{ the stream, dipping be-

low the stream to the southeast so that the longest diagonal, that along

the stream, is about half a mile in length. The greatest breadth seems

to be somewhat less than half a mile. The spurs and ridges that partly

inclose the head of the valley and reach a height of 200 to 300 feet above

stream level are occupied, above the level of the Clinton, by Upper

Cambrian limestone overlain by the Copper Ridge dolomite'

The next fenster, about ll miles to the southwest, is on Martin

Creek. Here the Clinton is exposed beneath Upp.t Cambrian limestone

for a quarter of a mile or so along the creek. Still farther southwest'

apparently ubout ll miles, is another fenster exposing an area of Clin-

ton of undetermined size. Here the Clinton iron ore has been mined.

About a mile farther southwest, on the head of Fourmile Creek, 4 miles

south-southwest of Rose Hill and 2 miles southeast of Ewing, is the

largest of the four fensters. Here the Clinton and immediately under-

lying formations of Richmond and Lorraine eges are e*posed for about

Ir/a miles along the road directly acfoss the strike. These formations

are exposed in the lower parts of the ravines on both sides of the road

but do not extend to the tops of the intervening spurs, which are capped

by the limestone or dolomite of the overthrust mass. The general situ-

ation is shown in the photograph reproduced in Plate 1, A, and in the

profile section on Plate 2, B, which passes through this fenster.

In all the fensters the youngest rocks recognized below the thrust
plane are of Clinton age. The post-Clinton rocks that once also spread

over the region were shoved westward in the uppef paft of the over-

thrust mass. The Clinton age of the rocks that crop out in the fenster

is shown by such fossils as Anoplotheca ketc+ispherba, Schuchertella sub-

plana, Calym"ene n'i'agarensfs, and Zygobolba decora.

At an undetermined. distance below the Clinton. in argillaceous and

mofe or less rubbly limestone, Atnpleropora angulata (identified by Ulrich)
is abundant and associated with Hebe'rtella si,nu.a.ta and Zygospira ken-

tuckyensi,s. The Am,pleropora is an Upper Ordovician fossil of Mays-

ville age, and the others occur both in the Maysville and in the overlving

beds of Richmond age in the Cincinnati region.

Upon the slopes and crests of the ridges and spurs surrounding the

fenster, directly abo,ve the rocks of Clinton, Richmond, and Lorraine
ages, Upper Cambrian trilobites occur in the limestone, and Cryptozoa of

copper Ridge type are mingled with chert from the dolomite immedi-

ately overlying the Cambrian limestone.

The fensters occur on the axis of a broad arch o,n which the opposiglg

dips in the overthrust rocks on each side of the axis are about 15o, as

shown in the stfucture section (Plate 2, B). In the northeastern fen-
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A upper cambrian limestone in the upper part of the Nolichucky shale thrust
northwestward over the clinton formation. Looki'g qortheast. Line shows
approximate trace of the fault plane. At the head of the ravine on the left of the
middle, about half a mile {rom the road, the Clinton iron ore has been extensivelv
mined from beneath the overthrust mass.

B upper cambrian limestone immediatery to left of the locality shown in A,
looking northwest. cambrian trilobites occur in this limestone. still f arther
northwest along the road the copper Ridge dolomite (,,ozarkian', of ulrich) over-
iying the Upper Cambrian, is exposed for 1000 feet or so along the road.
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Nolichucky shale thrust
northeast. Line shows
ravine on the left of the
ore has been extensively

A Upper Cambrian limestone in the upper part of the
northwestward over the Clinton {ormation. fooking
approxlmate trace of the {ault plane. At the head of the
middle, about half a mile from the road, the Clir.rton rron
mined from bcneath the overthrust mass.

B upper cambrian limestone immediately to left of the locality shown in A,
looking northwest. cambrian trilobites occur i' this limestone. still farther
northwest along the road the copper Ridge dolomite ("ozarkian" of Ulrich; over-
lying the upper cambrian, is exposed for 1000 feet or so along the road.
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ster the Clinton beds seem to lie upon the axis of the arch and to partake

of the structure of the overthrust mass'

A r,vell drilled for oi1 in the northeasternmost ienster to the depth of

1,400 feet penetrated the beds shown in the following section. inade up

Irorn drillings beginning at the depth of 325 feet:

Pertial record of zuell itt fenster southeast of Rose Hill, Va'

'fhickness DePth
(feet) (feet)

1,4. Sandstone. very fine-grained quartz sand

f Clinch ?) 9

13. Limestone, dark, fine grained 9L

t2. Shaie, red (Sequatchie) 90

11. Limestone, dark, fine grained 65

10. Shale, light pink . 45

9. Limestone. dark; drillings mostlv small

chips 255

Limestone, dark; some large chiPs;

Zygospira and Bryozoa (record in-
complete)

pl--r. 139Dtdrl[

Limestone like No. 9 . .. . 2W

Sandstone, very fiue rlttartz sand, chert.
orthoclase, and diopside; shows of
oil (record incomplete)

I,imestone like No.9 .,..
Limestone, light gray; smal1 chips . . . .

Limestone, drab and light gray.
Limestone. dark; large chips : frag-

ments of fine-lined brachiopods. . . . .

The main signihcance of this 1og is that it shows a normal dorvnrn'ard

sequence for the region in the beds below the Clinton formation and

Clinch sandstone. The red shale and pink shale (Nos. 10 and 12) are in the

Sequatchie formation of Richmond age, rvhich throughout southwest-

ern Virginia underlies the Clinch sandstone; the dark-gray limestone

with Zygospira and other brachiopods below No. 10 is of Vlaysville,

Eden, ancl Trenton ages. The same sequence in outcrop is traversed in
going along the railroad from Cumberiand Gap to Harrogate, Tenn.,

just south of the State line, or in going southeast for a mile or two

from Cumberland Mountain anywhere between Cumberland Gup and

Pennington Gap. The Cambrian limestone and Copper Ridge dolo-

mite that overiie through overthrusting the strata penetrated in the well

rvould have been penetrated in normal sequence if the well had been

drilled to a depth of 5.000 feet or theteabouts.

7

6.
5.

325-33+
33+-425
425-5ls
515-580
5W-625

625-880

880
880-1019

torg-1228

+.
{

2.

l.

i ?) 1228

97 1228-1325

15 rszsJ,3n
50 1340-1390

( ?) i{O0
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Bur,r.Etri.r 28 Ptxtt Z

A. Map of the Cumberland overthrust
block (shaded area) in southwestern Vir-
ginia, southeasterrl Kentucky, and Northern
Tennessee. Based on a map by C. K. Went-
rvorth (Jour. Geology, vol. 29, No. 4, May-
June, 1921). The black spots south of Rose
Hill represent fensters in the overthrust
block.

B. Profi1e section along line A-A/ on
lnap, through Fourmile Creek fenster"
greatly errlarged. The part of the profile
section covering the Middlesboro Basin,
Kentucky, is practically copied from the
geologic map of that area bv G. H. Ashley
and L. C. Glenn (U. S. Geol. Survey, Prof.
Paper 49, pl. 40, 1906). The position of the
fault plane beneath the Middlesboro Basin
and the structural conditions of the strata
adjacent thereto are hypothetical. The
amount of rnovement is shown by the dis-
placement of the broken edges of the Clin-
ton formation, from "b" to "a."

';::'-'-::---.=--:--====:::

30 MILES

3 4MILE6
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In the northeasternmost fenster the strata pitch southwestward along

the axis of the low fold, but someu,hat northeast of the fenster the
pitch must change to a northeast direction for the rocks exposed be-

neath the thrust plane in the fenster do not appear in the valley of
Yellow Branch, about 1 mile still farther northeast, rvhich is eroded to
a level as low as the Clinton in the fenster, or perhaps even lower. At
this locality a quaquaversal structure with low dips is indicated. In the

southwesternmost fenster. on Fourmile Creek, the overridden for-
mations dip 15" N. W. or are locally r.rearly flat as indicated by the

ore strippings along the sides o{ the ravines.

STRATIGRAPHY

Although these fensters are interesting in themselves, their chief im-
portance arises from what they reveal concerning the nature and ex-

tent of the overthrusting in this region. In order to understand these

matters, it is necessary to know the stratigraphic succession in the re-
gion, which is given in the following section:

s t r at i s r a p hi " T,f ,? iii lu,li "';' l r', " T^::''' 
.'' an d' t h e

sandstone. .. .

Feet

3,7W

150
270

Gasper and Ste. Genevieve limestones: Limestone, largely
oolitic 175

Hiatus: rocks of St. Louis, Warsaw, and Keokuk ages ab-

sent, except a {ew feet of limestone of possible St. Louis
age.

Price (or New Providence) {ormation: Shale. some red.
and sandstone 25O

Devonian or Carboni{erous:
Chattanooga shale : Black shale.

Silurian:
Clinton and Clinch formations: Shale and sandstone with

two iron-ore beds near middle, separated by 40 to 50 feet of
red shale 500

Ordovician:
Sequatchie formation : 2 Shale and limestone. in part red. . . 400

8. The writer is disposed to accept Ulrich's assignment of the Sequatchie
formation, of Richmond age, to the Silurian System.

Pennsylvanian (coal measures), including Lee sandstone at
base (in the Micldlesboro Basin, Kv.)..

Mississippian:
Pennington formation: Li,mestone, shale, and
Glen Dean limestone : Limestone and shale. ,

5m
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Reedsville sha1e, o{ Lorraine (Maysville and Eden) age:
Shale, calcareous sandsto,ne, and limestone in thin layers.. 350

Trenton limestone, approximately ecluivalent to Hermitage
and Cannon limestones: I.imestone, generaliy thin bedded,
coarsely crystalline ZSA

Lowville limestone, of Black River age: Medium, thick-
bedded limestone, largeiy of compact texture; includ.es at
top 100 feet or so of shaly beds, probably of post-Lowville
Black River age .. ..... 1,000

Stones River limestone: Thick-bedded compact and coarse
grained crinoidal limestone 500

Beekmantown dolomite:3 Dolomite, thick-bedded, g.ray, gen-
erally coarsely crystalline, some compact. ... l,ZW

Cambrian or
Copper

talline

Cambrian:
Nolichucky shale:

Limestone 150

500Shale, not exposed to bottom

This entire sequence, dipping 5" - 25" N. W. to the Cumberland es-
carpment, crops out in reguiar unbroken succession in the space between
the fenster on Fourmile creek and the middle of the Middresboro Basin'
in eastern Kentucky. Still farther northwest the succession is repeated
in descending order to the chattanooga shale, which at the northwest
base of Pine Mountain, bounding the Middlesboro Basin on the north-
west, is faulted against coal-nreasure rocks w-ell up in the pottsville on
the west of the outcrop of the fault. (See plate 2, B)

From the fact that there is no break in the stratigraphic succession of
southwestern virginia between the Four.mile fenster and the northwest
base of Pine Mountain it seems certain that the thrust plane exposed in
the fenster continues beneath the surface and crops out arong the north-
west base of Pine r{ountain as shown in Plate 2, B. southeastward
from the fenster on Fourmile creek the same sequence occurs unbroken
up to the top of the clinton formation on the southeast slope of wallen
Ridge and the northwest slope of Middle Ridge, where ap,parently the
copper Ridge dolomite is faulted against the clinton along the wallen
Valley fault. Thence southeastward the sequence is again repeated up
to the Mississippian limestone, of chester age, on the crest of the syn-
clinal Newman Ridge, southeast of which is the main boundary fault of
the region, along which difierent cambrian formations are faulted

Ordovician: a

Ridge dolomite: Dolomite, coarsely and finely crys-
t,2w

3. "Canadian system",
4. "Ozarkian system",

F'

E.

1n

ln
part, of
part, of

O. Ulrich.
O. Ulrich.
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against different younger forrnations up to the basal formation of the
Pennsylvanian (Lee conglomerate). The boundary fault is the Hun-
ter Valley fault, which appears to extend continuously from th6 vi-
cinity o{ Jacksboro, Campbell County, Tenn., northeastrvard to and

beyond Bluefield, W. Va. In the Jacksboro region, on the southwest,

and in the vicinity of Honaker, on the northeast, the l{unter Valley
and Pine Mountain faults are in effect intersected by cross faults, the

Jacksboro fault and Russeil Fork fault as named by Wentworth.5

INTERPRETATION OF FACTS RELATIVE TO
CUMBERLAND BI,OCK

The interpreration o I the f acts alrea<,ly set iorth is that the entire

block, namecl by Wentworth the Cumberland block, inclosed by the

faults described, has been thrust as a whole northwestward on a nearly

horizontal thrust plane. The amount of movement is measured by the

distance between the broken eclge of the Clinton formation in the

Fourmile fenster, at "b" o{ the profi1e section, and the broken edge o{

the same formation in the ovefthrust mass where it meets the thrust

plane at "a", beneath the Middlesboro Basin. 'lhe position of "a" de-

pends on the <lep'th of the overthrust {ault at this point and is there-

fore indeterminate. As arbitrarily drawn on the section this distance

is 7 miles. If the mass o{ rocks above the thrust plane be moved back

to the southeast until "a" coincides with "b", the broken edges of the
'Clinton would match each other, layer f or layer, as can be seen by

comparison of the sections in the fensters with those on the outcrop of

the Clinton on the ridge paralleling the Cumberland escarpment from

Cumberland Gap to Big Stone Gap.

According to Wentr,vorth,6 the vertical displacement, upward on the

west on the Russell Fork fault, is slight' There may have been a con-

siderable horizontal movement, the fault being of the nature of a hori-

zontal shear or "blatt", Wentworth estimates this movement at 2

miles. The movement on the Jacksboro fault, both vertical and hori-

zontal, was mUch gfeatef, the ho.rizontal movement being estimated by

Wentworth at 10 miles. The vertical displacement on the Jacks'boro

fault appears to be the result of a rotational movement of the Cum-

berland block pivotecl or retardecl at the northeast end and cloes not in-

dicate a southwestwarcl movement of the block. The amount of move-

ment on a nofthwest line through Ewing, as determined by the con-

stfuction of the accompanying section-namely, 7 miles-agrees very

well with Wentworth's estimates for the movement on the Jacksboro
and Russell F'ork faults, the location of the writer's section noftheast

of the Jacksboro fault being about trvo-fi{ths of the distance between

Wentworth, C. K., oP cit.
Idem, fig. 4.

t.
6.
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the faults. This determination was made independently o{ went-
worth's, and the agreement was noticed only on rereading his descrip-
tion.

At present the thrust block is 127 miles long and 25 miles wide.
originally, before the erosion of its northwestern edge back to its
present position, the average width of the block must have been at
least 30 miles ancl the average thickness must have been about 2 miles.
The volume of the mass was therefore 2,620 cubic miles.

The profile section accompanying this paper shorvs the thrust plane
beneath the Middlesboro Basin as forlowing the chattanooga shale. It
certainly cuts as deep as the chattanooga, because the chattanooga is
brought up to the surface above it all along the northwest base of pine
Mountain. There is no evidence, however, that the thrust olane cuts
into or below the clinton formation, except toward the southwest end
of Pine Mountain in Tennessee where, as mapped by Keith in the Rrice-
ville folio, the clinton is brought up to the surface above the fault. The
Clinton is not known to crop out along the northwest base of pine Mountain
in Kentucky northeast nor southwest of pineville. oi course the location of
the thrust plane either in the chattanooga shale or at any other hori-
zon is purely hypotheticat, but that formation seems reasonably to of-
fer a zone of weakness on which yielding and movement might easily
have taken place. Then, too. the condition o[ the rocks near the fauit
plane is unknown, but it is probable that there is crumpling not indi-
cated in the section.

NATURE AND CAUSES OF' THE CUMBERLAND BLOCK

The pheno'-rena clescribed in this paper naturafly raise the olcl ques-
tion as to the nature and causes of the movements that have taken
place. It is self-evident that the movement of the cumberland block
was in the rnain substantially horizontal and was causecl by a push
,acting northwestward. It follows that the rvhole region southeast of
the cumberland block has also been pushed northwestward an equal or
greater amount, for the force was transmitted to the cumberland
block through the rocks to the southeast, and also if there had not been
extensive northwestward movement of the blocks to the southeast on
the wallen creek and Flunter valley faults there wourd have been
left a great depression out of which the cumberland block had
come. Still farther southeast, behind all of this area, the Appalachian
Mountains and Piedmont region must have moved northwestward a
greater or less distance. It seems probable that intermittent and rela-
tively slight movements were taking place on all the thrust planes,
practically simultaneously, throughout a very long period o{ time. The
only general cause that seems at all adequate to meet the facts appears'to the writer to be shrinkage of the earth, with resultant horizontal
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displacement of the exterior parts in order to fit themseh'es to their
shrinking interior support. Such the writer believes to be the true
cause of crustal thrusting, in spite of the speculative objections of
physicists and mathematicians.

OIL

Oil has been found in the Clinton formatiou of the fenster 2 miles

southeast of Rose Hill. An oil seepage in this area is reported to have'

been known for years, and it is affirmed by the owner of the land

that several gallons of oil could, at times, be pumped {rom a dug

well, where it had accumulatecl on top of the water. A well located

on the Clinton formation near the seepage and near the dug well re-

ferred to was drillecl in this fenster to the depth of 303 feet, and oil

was fepofted in sandstone at {our different horizons, from the depth

of 71 feet to the bottom. On visiting the locality just after the com.

pletion of this well the writer sa\v a scum of oil on the water filling
the hole and noted that the floor of the derrick was smeafed with oil

but could obtain no further knowledge through direct observation.

Subsequently, another hole rvas drilled nearby to a depth of 1,400'

feet, and the drillings from the depth of 325 feet u,ere submitted to
ihe writer for examination. (See log, p. 3.) None of them showed

any trace oi oil. If oil occurs in this rvell, it is in the upper 325 feet, of

which a full suite of drillings was not furnished. A sample of the oil

reported to have come from the first well, submitted to the United States

Geological Survey for examination, proved to be a green oil, very similar.

to some of the high-grade oil from western Pennsylvania.

The indecisive character of the knowledge of this occufrellce of

oil, which seems to be genuine, afouses a certain degree of curiosity

as to whether oil in significant quantity may be trapped and sealed up

in the sandstone beds of the clinch or clinton formations beneatln

the overthrust mass. The question arises whether a lvell drilled

into the Clinton through the superincumbent Cop,per Ridge dolomite'

in the vicinity of the Rose Hill well might not have a chance of en-

countering oil in paying quantities. The Clinton should be reached

anywhere within half a mile northwest o{ the line of fensters at a
depth of a few hundrecl feet. O{ course. it is impossible to determine'

details of structure in the Clintorr where it is buried beneath the over-

thrust rocks. In general the strata beneath the thrust plane dip to'

the northwest, as shown in the accompanying section, but it is prob-

able that there are minor anticlines superposed on the general stftlc-

ture that would favor the accumulation of oil and gas.
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IRON ORE

The clinto' formation carries two beds of iron ore in the Fourmile
fenster, 2 miles southeast of Ewing. The ore was formerly mined
by the Union Iron & steel co. and hauled by tram road to a tipple 1

mile east of Ewing for shipment. The mines have been abandoned,
and satisfactory information atrout the ore could not be obtained in the
locality. Accordi'g to reports by men r,r,ho worked in the mines, there
are two beds, apparently about 40 feet apart, associated with interven-
ing reddish shale. The sa"me relations can be seen in outcrop in the
vicinity of Cumberland Gap. The upper bed is reported to reach a
thickness of 18 inches but is generally thinner; the lower bed reaches
a thickness of 3o inches and averages 18 inches. The mining was car-
ried on in the head of a ravine extending half a mile northeast of the
highway, 2 miles southeast of Erving. (See plate 1, A.) The out_
crop ore has been dug out all around the heads of the ravine, and the
diggings indicate that the ore lrccl is nearly horizontal in that area.
Irowever, considerabie irregularity in the ray of the ore beds is plainly
shown when a larger area is taken into view, as might be expected.
from the proximity of the beds to the thrust plane, where the uncler-
lying strata could not but be affectecl ancl more or less cleformed by
the movement of a great thickness of superincumbent strata above the
thrust plane.

ore has also been mined from a fenster in the next valley about 1
mile northeast of the Fourmile fenster, but no information was ob-
tained concerning this operation.

The composition of the ore in the Fourmile fenster is shown by the
following table, based on analyses of samples representing 26 carloads
or ore. This information *as furnished bt, the union Iron & Steel
Co.7

cow"posite analysis of cliuton orc frtnt Foumnile fettster.2 tni,les soutk-
east of Ewing.

Per cent
N,Ietallic iron ......34.09
Silica 6.58
Phosphorus .59
I,ime Z.72
I{agnesia 3.gS

This ore should be nearly ii not quite serf fluxing clue to its relatively
low silica and high lime and mag'esia content. The metallic content is
Iess than that of the clinton ores of the poor valley Ridge, to the north-

ll

7. Watson, T. L., Mineral resources of Virgilia, p. 467, 190?.
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west, but very nearly the same as that of the Clinton ores of the Birming-

*ram District, Alabama.

CONCLUSIONS

The fensters described in this paper afford revelations, not only of

extremely interesting crustal movements and ensuing anomalous struc-

tural relations, but also of possible economic deposits hitherto unsus-

pected. It is highly probable that considerable reserves of iron ore

underlie a belt of limestone countfy 3. to .5 miles r,r'ide lying next south-

east of Poor Valley Ridge for the entire distance from Pennington

Gap to the State line. Aiso, the possibility of the occurfence of oil in
significant quantities trapped in the less disturbed sandstones of the

Clinton and Clinch formations beneath the thrust plane may reasonably

be entertained-at least as an interesting speculation, if it does not seem

sufficient to justify exploration.
Mention might also be ma<le here of the extensive afeas of the Price

sandstone with nTinable coal beds exposed in fensters in overthrust blocks

in Montgomery and other counties, as described by Campbell.s Such over-

thrusting is thus shown to be extensively developed in Virginia.

8. Campbell, M. R., The Valley coal fields of Virginia: Virginia Geol' Sur.
vev Bull. 25. 1925.


