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THE PHYSIOGRAPHY OF THE UPPER JAMES RIVER
BASIN IN VIRGINIA

By Fnexr J. Wnranr.

INTRODUCTION
In the region to be discussed in this paper a crystalline oldlancl on the

southeast was overlapped by Paleozoic sediments on the northwest; the inner
margin of these sediments was involvecl in folds which were closely com-
pressed near the oldland, becoming more open ancl finaliy disappearing
toward the northwest; the entire area was more or less perfectly peneplanerl,
and later uplifted with warping; the uplifted peneplane (usually called the
ttCretaceous peneplane") was then maturely dissectecl in harcl rock areas

ancl retlucecl to a new peneplane (usua11y called the "Tertiary peneplane")
in weak rock areas; the whole was finally uplifted again anrl further dis-
sectecl.

The Paleozoic rocks in the Newer Appalachians region range in ale from
Cambrian to Carboniferous. 'Ihe lowest member is the Shenandoah lime-
stone which has a minimum thickness of 1,500 feet. Owing to its relative-
Iy low resistance it is a leading valley maker, although its cherty members
form hills ancl low ridges. The Martinsburg shale is less resistant than the
Shenandoah limestone which it overlies. The resistant Massanutten sand-
stone succeeds the Martinsburg shale and has a thickness of 500 to 600
feet. In the Monterey X'olio it is subdivided into the Juniata, Tuscarora,
ancl Cacapon. The Massanutten sandstone is an important ridge maker.
Following'the Massanutten sandstone the Rockwoorl formation, comprising
150 to 200 feet of quartzite ancl shale, frequently flanks ridges composed of
the former. The next formationrlhe Lewistown limestone, is a valley maker
with a thickness varying from 300 to 500 feet. The Monterey sa:rclstone is
i thin ridge former whose thickness is usually less than 300 feet. The weak
Romney shale with an average thickness of about 1,000 feet unclerlies many
valleys. The overlying Jennings formation is several times as thick as the
Romney and is sometimes exposed in valleys, but its sand.y members form
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ridges. 11t. ]{ampshire {ormation, with an increasing percentage of sand-

stone anil an average thickness of 11650 feet, is a mountain maker. The

very thin Focono sanclstone frequently caps high mountain areas. The
Greenbrier limestone (350-400 feet) and the Canaan formation (1,000-
1,300 feet) form valleys, while the Blackwater (400 feet) is resistant ancl

covers much of the higher portions of the Plateau. It is thus seen that the
Massanutten sandstone, the Monterey sandstone, the Hampshire formation,
the Pocono sandstone, and the Blackwatet formation are the leading ritlge
formers in the district.

The oldland on the southeast is to-day represented by two physiographic
provinces, the Blue Ridge and the Piedmont. The Blue Ridge comprises

a belt of maturely dissected complex mountains whose steep eastern slopes

descentl to the gently rolling surface of the Piedmont.
The folded rocks form what is known as the Newer Appalachians or the

Appalachian Valley province. In the belt of close folds limestone ancl shale

are the leading rock types and consequently the valley element greatly pre-
clominates. In the area of open folds sandstone is abundant and ritlges are
prominent with suborclinate valleys. These two sharply contrastecl sub-
provinces are callecl the Appalachian Valley ancl the Alleghany Ridges re-
spectively.

The area of maturely dissected horizontal rocks on the northwest is the
Appalachian Plateau. It is separatecl from the Ridges on the southeast by
the Alleghany escaxpment, a southeastward facing scarp more than 1,500

feet high.
All the provinces trencl northeast and southwest in conformity with the

structure of the rock. The index map, Figure 1, shows the exact location of
the area untler consicleration. It comprises the Staunton, Monterey, Natural
Bridge, and Lexington quadrangles of the Unitecl States Geological Survey.

BEVIE'$T OF PREVIOUS f,ITERATURE.

Compared with many other areas in the Appalachians the literature of
the region uncler cliscussion is scantyt. Some very early references are made
to the geography of the district which are of greater historical than scientific
value. Quite naturally the first objects to attract attenion were the scenie
features such as Natural Bridge ancl the limestone caverns.

The first thoroughly scientific work was accomplished by the rlistin-
guished geologist, William Barton Rogers, who, as Director of the Geological
Survey of Virginia from 1835 to 1841, laid the foundations of Yirginia

'Complete bibliography may be found at the end of the bulletin.
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RXYIEW OF PREVIOUS LITERATURE

geology. Many of his contributions ancl those of his staft are published in
a volume entitled "A reprint of annual reports antl other papers on the

geology of the Virginias," which appeared in 1884. He carefully subtlivided

the rocks of the Paleozoic column as they occur in western Virginia and ran

many structure sections across the State, some of which were carrietl to

Ohio River.
A journal called o'The Virginias" was published in Staunton, Virginia,

from 1880 to 1885 under the editorship of Jed llotchkiss. In the numbers
of this periodical, which was devqted primarily to mining geology, one may

finrl descriptions of the area ancl structure sections.
' Plobally the most distinguished contributor to the "The Virginias" was

Professor J. L. Campbell of Washington ancl Lee University. He spent
considerable time in the study of the geology ancl mineral resources of the
James River Valley, and published a book on this subject. To the American
Journal of Science for the seconrl half of 18?9, he contributed several articles

on the geology of the Valley and the BIue Riclge, especially in the Balcony
Falls section.

In 1891 there appeared a discussion by Davis of the extent of the Creta-
ceous peneplane in the Southern Appalachians in an article on "The geologi-
cal dates of origin of certain topographic forms on the Atlantic Siope of
the Unitecl States." The occurrence of the peneplane in Virgina, however, is

scarcely more than mentioned. A case of supposed. piracy affecting the
waters of Back Creek and Jackson River in the Monterey quadrangle was

reported by Collier Cobb in 1893 in an article entitled "A recapture from
a rjver pirate."

The following year llayes ancl CampbeJl published their well-known essay

entitled "Geomorphoiogy of the Southern Appalachians." This is a eompre-

hensive treatment of the physiographic clevelopment of all that portion of
the Appalachian region lying south of the Ohio and Potomac rivers. The
distribution of the Cretaceous remnants and the perfection of the peneplane

are carefully considered. One important contribution consists in their
recognition of the warped character of the peneplanes, both Cretaceous ancl

Tertiary. Contour maps of these warped surfaces are published with the
essay, ancl longiturlinal axes of elevation and transverse axes of oscillatjon
are locatecl on the maps. Because of the large climensions of the area con-

siclereel, the contour lines could not be expectecl to convey rnore than a

general idea of the nature of the warpecl surface. Their maps show no
local clomes, and their contours swing in nearly parallel lines across the
area now being stuclied. The slope of the warped surface was represented
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by thep as not so steep and as more regular than it really appears to be.

Hayes and Campbell also deal with drainage developments in the Southern
Appalachians.

In 1895.Ilayes again discussecl 'rThe Southern Appalachiansr,, but the
northern limit of the territory which he then coverecl did not reaeh the area
now under consiileration. IIe described two peneplanes, the upper being the
so-called Cretaceous peneplane and the lower a valley-floor peneplane called
Tertiary. "The Northern Appalachians" were clescribed by WiIIis in the
same year, but he scarcely does more than refer to the present area. He like-
wise reeognized two peneplane levels, the Kittatinny and Shenandoah
plains. The former, an uplanal surface, was regarclecl as Cretaceous. iir age.
The name Shenancloah was used for the lower surface because of its broad
development in the Shenandoah Vatley of Virginia.' The clevelopment of
the Shenandoah River was traceal by this author.

In his "Geology of the Catoctin Be1t" published in 1894, Keith describes
two periods of baseleveling earlier than the Tertiary. rle also recognizecl
one weII defined rertiary level and a less distinct later Tertiary level, as well
as two Pleistocene peneplanes. warping accompaniecl the uplift of both
the later Cretaceous and the Tertiary peneplanes, but it was probably much
stronger in the former case. In the present study only one peneplane of pre-
sumably Cretaceous age is distinguished. rn addition, a distinct valley
(Tertiary?) level and several lower Iess perfectly developecl erosion sur-
faces are recognizecl in the region uncler discussion. The two peneplanes
are believed to have been notably warped during uplift.

"Some stages of Appalachian erosion,, is the tiile of an article by
Keith which appeared in 1896. The peneplanes of rennessee Basin are

- consicleretl. Tre recognized four distinct peneplanes here, as comparetl with
five well developed peneplanes ancl one less distinct level in the catoctin BeIt.
As to warping the author says, "rn some cases these planes have been warpecl
from their original level, but far the greater portions of them retain nearly
their original attitudes. This view departs considerably from the
theories of other authors, who have defined the peneplanes as d.ome-shiped
or warpecl surfaces, making the warping the predominant feature of the
uplift. Further differences of view exist in the distinction of many pene-
planes instead of a few.,,

Although Massanutten Mountain is not within the rimits of our study it
is typical of a class of ridges that occur in the area, consequenfly speneerrs
"Geology ol the Massanutten Mountain in virginia" is of interes! especiaily
since it deals with the cretaceous peneplane. surface in 1g0? pubiished
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a populax description of the 1'Geography of Virginia," which treats the
general features of the State. "Drainage changes in the Shenancloah Yal-
ley Region of Virginia" is the title of an article by Watson ancl Cline whieh
appeared. in 1913. This study deals with Potomac d.rainage ancl reviews
the physiqgraphic history of the region. According to these authors there
have been four cycles, the Kittatinny (Cretaceous?), represented. by rem-
nants of a mountain top peneplane,.the Tertiary (?), represented by cer-
tain groups of hilis in the Great Valley the Shenandoah representecl by the
Shenandoah Plain, and the Recent, representecl by present streams.

A bulletin of the Virginia Geological Survey entitled "Manganese
deposits of the W-est Foot of the Blue Riclge, Virginia," publishecl in 1919,
contains a ilisqrssion on Physiographic Forms by G. W. Stose. Ile de-

scribes four peneplanes: The summit upland, intermediate ancl valley-
floor. "The uplancl peneplane is regarded as Jurassic-Cretaceous in age

ancl the summit peneplane is probably still oider. The intermediate pene-
plane is regarded as. Upper Cretaceous in age, the valley-floor peneplane
as early Tertiary in age, and. a lower valley-floor terrace, where present, ag

late Tertiary in age." In that report the author conflnes himsel{ almost
entirely to the BIue Ridge, whereas in the present work the peneplane stuilies
were conducted" for the most part in the Newer Appalachians. In the
area now uniler consideration the writer dirl not fnd sufficient eviclence

to justify the recognition of a definite erosion surface older than the Upland
Peneplane. Neither coulcl he identify the intermediate peneplane which
Stose describes as being "poorly representetl on some of the tops of the foot
hill ridges, spurs, knobs, ancl.in some low divides of the Blue Riclge." The
Valley Peneplane in the present work is correlatecl with the valley-floor
peneplane of Stose. The present writer also agrees with Stose as to the
presence of bench and terrace levels below the valley-floor peneplane.

Aside from the papers cited there has been no important physiographic
treatment of the region as a whole, or any of itb parts. The small group of
papers published on the Southern Appalachians in the last decacle of the
nineteenth century dealt primarily with the region of southern Virginia
antl Tennessee. The middle western portion of Virginia has been neglected.

For a number of years before his death Professor Joseph Barrell made
a study of the peneplanes of the Northern Appalachians. In 1920 tle
American Journal of Science contained a lengthy report of the results which
Professor Barrell had accomplishecl in that area. The article was uncler the
editorship of H. H. Robinson ancl was entitled "The Piedmont terraces
of the Northern Appalachians." The author believecl that the surface of '
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New Englancl represents a series of marine terraces extending from north-
east to southwest. The elevations range from 21450 feet on the northwest to
120 feet on the southeast. There are in all two Cretaceous, one OligOcene,

five Pliocene, and- three Pleistocene marine terraces. In atltlition to these

he recognized in his earlier stuclies two peneplanes at lower elevations than
the higher marine terraces. These he thought were parts of the well-known
ttCretaceous" peneplane. X'rom oral statements made during his Lifetime
it is believed that these subaerial peneplanes were regardecl as Eocene and
Miocene in age. In the present study the writer did not discover any
erosion features in this region which seemed to require marine agencies for
their explanation.

Reference should be made to the paper presented by Davis in 1889 on

"The rivers and valleys of Pennsylvahia," from which helpful suggestions
applicabie to Yirginia problems have been derived.

'llhe United States Geological Survey has published folios for two of
the quadrangles included in the present fielcl of study, the Staunton ancl

Monterey. These have been helpful to the writer, and the reacler is re-
fened. to them for information of a geological nature. The various pub-
lications of the Virginia Geological Survey, inclucling the Geological
Map of Virginia, have been of great assistance.

Two large scale topographic maps have recently been published for the
southern half of the old" Natural Bridge quadrangle, the Natural Bridge
Special for the southeastern quaclrant, ancl the Eagle Bock for the south-
western. These recent maps represent the topography much more ac-
curately than the earlier smaller scale maps.
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THE INITIAL SURFACE
, There is no element in thet present topography of the Newer Appala-

chians, the origin of which dates back to the time of the Paleozoic oldland.
or to the period of deposition of sediments upon its flank. Like,f ise in the
crystalline area of the Blue Ridge and Pieilmont, post-Paleozoic erosion
in successive cycles has been so extensive that all traces of the earlier
features of the oldland have been completely obliterated. For these reasons
it is not profitable to go into a consideration of the early physiographic
history of the region. Of great interest and importance, however, is the
surface formed by the folding and uplift of the sediments into a lancl mass.'We must recognize the possibility that many of the present streams may
have had their courses cleterminecl by the slopes of this early surface.

There are two methods of reconstructing the initial surface of the foldetl
Appalachians. The first and most obvious is to assume that the great
foids which now appear in the district hacl an appropriate and similar ex-
pression on the original surface far above the present level. This methocl
has usually been employed in making restorations in folded regions:' A
very notable instance of its use is found in Davis, classical essay 1 on the
rivers a.nd valleys of Pennsylvania. Here he restores the former surface
on the basis of structure in depth exposetl by.long periods of erosion. Thus
he says: tt. for our purpose and in view of the moderate relief of
the existing topography it suffices to say that n'herever the lower rocks are
now revealed in anticlinal structures there was a great upfolding ancl ele-
vation of the original surface; antl wherever the higher rocks are still
preserved, there was a relatively small elevation.', On the basis of this
restoration the author assumed the presence of longitudinal consequents
flowing in synclinal troughs and lateral consequents coursing down the
flanks of anticlines. The water found its way from one syncline to its
neighbor across sags in the ridges or around the ends o{ pitching anti-
clines. Ilaving determined the position and direction of flow of the
initiai streams, Davis traced through numerous ehanges the cleveLopment
of the present drainage of Pennsylvania.

The second method of restoring the initial surface is on the basis of th'e
present clrainage. If it were possible to determine which streams to-clay

l Davis, W. M, Geographical Essays. The rivers and valleys of Pennsylvania,
p. 450.
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are odgina] consequents we could use the present drainage pattern as a
means of reconstructing the initial form which determined that pattern.

Neither method of reconstructing the initial surface necessarily gives

depenilable results. There are certain outstanding difficulties which

make it necessary to use caution in applying either method. In the first
place, folils in depth are not necessarily expressetl on the orginal surface,

which may instead show only a broadly arched or clomecl upland. Before

the surface is reached the major structural features may have been retlucecl

to minor unclulations, or may have disappeared entirely' In the region

uncler iliscussion there may have been many thousand feet of setliments

overlying the youngest formations now observed in the pdrtions of the folcls

still remaining, anil the structure developetl under this overburclen cannot

with any certainty be said to have hacl a corresponding topographic expres-

sion on the initial surface. A secontl tlifiiculty is fountl in the successive

drainage modifications due to the development of subsequent streams along

belts of weak rocks. In dissected folcletl regions subsequent drainage is

especially important and the arljustment of streams to structure is apt to be

so complete that the early drainage pattern is totally olscuretl. Streams

flowi:rg down the pitch of synclines, anil apparently consequent in position,
may really have developecl as subsequents. Lastly, the region, if it has been

peneplaned ancl uplifted, was most probably warpecl d.uring uplift so that
a new set of streams may have been developed on the warped peneplane

surface. The presence of new streams and the diversion of olcl streams

on such a surface woulcl seriously complicate the problem. These three

clifficulties confront the use of either of the two methocls in any foliled
region.

In the Virginia-West Virginia area these difficulties are aggravatecl

to an unusual degree. The folding is closer and on a smaller scale than,
for example, in Pennsylvania. X'urthermore, the folds seem to be more

complicated than in the ridges of the latter state. Ilence the probability
of these folds being representecl by appropriate topographic expression

at the surface is much less than in regions of larger and more open folcls.

In many cases it is difiicult to determine the initial pitch of some of the

closely compresseil synclines, especia]Iy after they have been affected by
Iater warping. The enormous development of subsequent drainage in
these elose-set parallel valtreys must have removed almost every trace of
the original drainage.



THE EARLIEST RTSTORED SUBFACE

In the light of the ctifficulties enumeratecl above, each of which has been

encountered in the stucly of this problem, we concluale that it is impossible
in this area to restore the initiai surface or the original consequent clrain-
age on the basis of either structure or present rlrainage pattern. It does

not seem possible to trace the form or the d.rainage pattern farther back
than the Uplancl Peneplane surface.

TIIE EABIJEST B^ESTOBED SUBFACE.

There is no topographic feature in the region that tlates earlier than the

Uplantl Peneplane anrl its monadnocks, with the possible exception of the

Blue Ridge, whose topographic characters are not specially consiclereil in
this report. So far as we a.re able to determine there is no element in the

drainage the explanation of which cannot be founcl in conditions which
obtained tluring the cycle of erosion that formed this peneplane, or cluring
later cycles.

TV'hen the Upland Peneplane was uplifted it was also warped. Eayes

and Campbell recognizecl the warped character of this surface in their well
known paper on the geomorphology of the Southern Appalachians.

Furthermore, the uplifterl surface is now to a great extent destroyed by val-
leys cut below it, a,ncl occasionally has monatlnocks rising above it. These

facts make difficult the ready recognition of the peneplane level. It is

particularly difiicult to locate in the region of the folds, because the harcl

rock formations there are relatively thin. Tiltecl thin formations clo not

resist erosioii as long as thicker ones, and consequently the peneplane is not

nearly so well preservecl in this region as in some others.

In orcler to obviate these clifficulties and to rristore as well as possible

the Upland Perreplane as it existed after uplift a series of 26 projected

profiIes was constructecl. On each profile were plotted the maximum

elevations in a bett of country two miles wide, stretching from northwest

to southeast normal to the trend of the folds. A two mile zone was

selected because it appeared, from a study of the region, suitable to bring
out most clearly the elevations rising to a common levef and not to
obscure that level by inclutling too many monaclnocks. The 26 profiles

after being plotted were cut from heavy paper strips antl set up

vertieally in their proper relative positions on a level surface. By visualiz-
ing the assembled profiIes from difierent viewpoints it was possible clearly
to recognize the peneplane; and departures from it, tlue to monaalnocks
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rising above it and large valleys cut below it, coultl be eliminated more
satisfactorily than in any other way. It is believed that the position of the
peneplane in most of the area was determined with reasonable accuracy.
The restored surface was contoured, and a reproduction of it is shown on
ihe large map. (Plate I, in pocket).



THE UPLAND PENEPLANE.
f,evels representetl in the Upper trames Biver Basin.

There are three levels which are remarkably distinct and well definecl
in this region. The upland Peneplane, representecl by the crests of many
ridges in the folded mountains and in the Btue Ridge, usually stands at
elevations of from 3,200 to 4,600 feet. rt descencls to 1;400 feet in Gilmer
county of west virginia. This first level is well above anrl entirely distinct
from the second, representecl by the floors of the Great valley and of some
of the larger valleys in the Alleghany Ridges. The Valley peneplane is
in turn clissected by streams to depths of 400 or d00 feet and their beds
represent the third important level. consequently there are five chief
elements in the topography, which, $eginning with the highest are as
follows : a, Monadnocks on the Upland Peneplane I b, Remnants <if the
Upland Peneplane; c, Monatlnocks on the VaJIey Peneplane I rI, the Valley
Peneplane; e, Trenches cut below the Valley Peneplane.

The Upland Peneplane is consiclered the equivalent of the highest
peneplane in New Jersey and Pennsylvania, where it has generally been
regardecl as Cretaceous or Jura-Cretaceous in age. No attempt has been
macle to determine its age relations in the field uncler consicleration for the
reason that the necessary clata do not appear to be available.

Disseotion of the Upland Peneplane.

The Upland Peneplane has been strongly dissected.. During the next
Iater cycle the soft rock areas were reduced about 1,b00 feet to an even sur-
face representing a lower peneplane which has itself in subsequent time been
trenched by streams to depths of four or five hundred {eet. The resistant
rock areas have, of course, withstood erosion much more successfully.
Where the hard rock outcrops were narrow they have been reclucecl nuch
more than where they were broad. Consequently there are ridges at all
eleyations between the Valley and Upland Peneplanes, their height de-
pending chiefly upon the resistance ancl width of outcrop of the ridge-
maker. The preserved remnants of the peneplane have a gently rolling
topography, ancl when seen from a distance present a very even skyline.
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Monailnocks on the Uplanil Peneplane.

In the central Appalachiaqs the upland Peneplane evidently reachecl

a very high degree of perfection. At the close of the cycle in which it was

formed very few erosion remnants were left standing above the general

level. These monadnocks presumably owed. their existence either t'o

superior resistance of the rocks or to greater distance from main drainage

lines.
The more replesentative monaalnocks occurring in the area uncler clis-

c$sion may briefly be described.

Batd, Knob.-There are at least five or six peaks in the area bearing the

name of "Balcl Knob." The present description applies to the Baltl Knob

on the Back Alleghany Mountain in the Plateau region, representecl on the

northwestern colnel of the Monterey quatlrangle. It stancls about 200 feet

above the upland surface which here reaches its maximum elevation of 41000

feet. The resistant sanclstone and conglomerate of the Blackwater forma-

tion, which is considerecl the equivalent of the Pottsville, is the country

rock.in Bald Knob as in much of the Plateau surface.

Sound,ing Knob.-souncling Knob is located about four miles south of
Monterey. Tuscarora qwattzite, a subdivision of the Massanutten sancl-

stone, composes the two monoclinal ridges representing the limbs of the

anticline which unite in Sounding Knob marking the structural end of the

Bolar anticlinal valley. The core of the knob is formed of basalt. This

monaclnock is not an imposing feature for it rises only 200 feet above the

peneplane level which is here about 4,200 feet above the sea'. (Plate II, A).
Elli,ott Knab,-Thle massive Elliott Knob stands in the western part

of the Staunton quadrangle with an elevation of 4,473 feet and is the high-
est mountain in this portion of Virginia. Its summit is nearly a thousand

feet above the peneplane, which here has an elevation of. approximately
3,500 feet. Although it is impossible to know with certainty the position
of divicles in the early periotl it is possible that Elliott Knob sufferecl less

from erosion because it was remote from main drainage lines. Resistant

sanclstone enters largely into its composition. Owing to its elevation it is

a commancling object as seen from distant points in the Great Valley to
the southeast.

Other Monad,nocks.-Northeast Peak (3,800 feet) on the Shenandoah

Mountain near the eastern borcler of the Monterey quaclrangle appears to be

a low monatlnock, 400 feet above the peneplane, while Bald Knob (4,+lX
feet) near the Virginia-West Virginia line in the northwestern part of
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(A) Sounding Knob

BUI,I,ETIN XI,

(B ) The "Alteghany l'ront"-looking west from a point near the "Top ot
Alleghany" on the Staunton-Parkersburg pike.
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Augusta County is a better example, having a height of 600 feet above the

peneplane. As a type of less prominent eminences on the peneplane sur-

face we may cite Bald Knob on Warm Spring Mountain six miles north of

CUfton Forge.

In studying the existing monaclnocks one is impressetl with their small
number. Furthermore their slight elevation above the u'plaucl level shows

that they must have been for the most part only low hills on this surface.

The high degree of its perfection is thus one of the outstanding features
of the Upland Peneplane.

Local Bemnants of the Upland Peneplaue.

Cheat Mounta'i,n.-Cheat Mountain is the local representative of the
Back Alleghany Mountain whose precipitous eastern "X'ronf,' forms the
boundary between the Appalachia.n Plateau and the Newer Appalachians.
(Plate II, B). The Alleghany X'ront is a striking escarpment which marks
the southeastern limit of the Plateau through most o{ the Appalachian
states. The frst fold, adjacent on the southeast is usually an anticline
which erosion has unroofeil. A valley is developed on the anticline whose

massive sandstone layers on the western flank of the folcl maintain an

imposing wall.

On the top of this mountain the peneplane is strongly tlevelopetl at an

elevation of from 4,40A b 4,600 feet in the Baftl Knob region, whieh is
the maximum for the whole district. The sandstone layers which form
most of the surface have a gentle dip to the west ancl their eclges are bevelecl

by the erosion surface thereby demonstrating its true penepla.ne character.
Shaver's Fork of Cheat River flows in a shallow valley slightly intrenchecl
below this upland level.

"Top of Alteghamy."-One of the best remnants of the Uplantl Pene-

plane in the entire area is to be founcl on the summit of the Alleghany
Mountain where it is traversecl by the Staunton-Parkersburg pike about
15 miles west of Monterey. This locatity is know tocally as the "Top of
Alleghany." The Alleghany Mountain in this region is erroneously
designated the "Alleghany Front" in the Monterey Folio. The true
"Front" is never located in the midst of the ritlges but at the southeastern
margin of the Plateau as explained in a preceding paragraph. The up-
Iantl surface forming the top of the mountain is held up by the resistant
Ilar.npshire sanclstone in the trough of a broad syncline. For several miles
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across the strike of the fold the beds are essentially horizontal but on each

side they are bevellecl by the surface, which precludes the possibility of this
level being a structural plane. It is a true peneplane. The mountain is in
no sense a ridge hut an upland. surface several miles in width, moderately
dissected, but preserving its uniform elevation and evenness of surface for
a number of miles. (Plate III, A). The average elevation is about 4,400
feet. When viewed from a distance its even skyline is very striking. (Plate
ril, B).

Shenand,oah M ountui,n.-The massive Shenandoah Mountain extending
from tr'ort Lewis on Cow Pasture River to the northern limit of the Staun-
ton quadrangle is synclinal in structure. It is an important dra.inage divide,
and because of its massive character constitutes a sreat barrier to the move-
ment of the population. Owing to mature dissectiin the ridge crests alo not
show upland temnants, but their general elevation indicates that through
most of the Staunton area the Upland Peneplane is located at an elevation
of 3,400 to 4,000 feet.

Geueral Character of the Warpetl UpIaniI Surface,

X'rom our consicleration of the character of the Upland Peneplane, it
is evident that at the close of the cycle it was a vast lowlancl of remarkably
slight relief. Today it stands high above sea level. In the process of upli{t
it was badly warpecl. 

.W'e 
are now prepared to study the form of this warpecl

surface and its effect on drainage.

In this study it is desirable to include an area sufficiently large to show
the development of the peneplane in regions embracing clifferent drainage
systems and representing different types of structure. Furthermore a con-
siderable area is necessary to show the effects of warping. Consequently
1? adjoining quadrangles were selected with the Lexington,' Virginia,
quadrangle occupying the southeastern corner. The area extenils three
quadrangles or 105 miles in a north-south direction and four quadrangles
or 112 miles in an east-west direction.

The methods employed in securing the data for a contour map of the
warped Uplanil Peneplane have already been outlinetl on pages 9 and 10.

The great difiiculties involvecl in the restoration of this peneplane in the folcl-
ed mountain region o{ Yirginia were also stated. The resistant formations or
ridge makers are so thin that they usually do not preserve remnants of the
peneplane, ancl in many cases do not even approach that level. Ilence
tor local areas on the large map the contours representing the warperl
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Upland Peneplane surfaee must not be regarded as showing more than the
general form of that upland where the difficulties are greatest. The restora-
tion is probably much more accurate in the Plateau than elsewhere.

The zone of maximum uplift extends along an axis trending northeast-
southwest in the region of the eastwarcl facing scarp of the Appalachian
Plateau. The slope of the peneplane clescencls towarcl the northwest anil
the southeast from this central uptift the former slope being in general the
steeper.

A second possible axis of uplift extends from High Knob near the north-
eastern corner of the map to Potts Mountain on the southern boriler. This
axis is not as strongly developed as the preceding but the arrangement of the
upland contours strongly suggests its presence.

Besides th-is general upwarping along more or less well-clefinecl axes,
there are apparently local areas of greater elevation of the penepla.ne level.
These small districts are called clomes. Three of these domes, the Balil,
Spruce, ancl Job, are locatecl on the axis of maximum uplift which follows
in a general way the southeastern scarp of the Plateau. In like manner the
IIigh Knob anrl Potts Mountain clomes lie on an axis running through
High Knob and Potts Mountain.

The rlomes are more easily tletermined anrl stand out more clearly in
the Plateau than in the other regions covered by the map. This is rlue to the
fact that there are in the Plateau more remnants of the peneplane which
make possible its more exact restoration. In ihe Newer Appalachians only
ridge crests. have survivecl. Consequently the preservation of broad clomes
in this region is to be expected only in rare cases.

Domes in the Plateau.

The following well defined domes are locatecl in the Plateau: (1) Bafd
Dome, (2) Spruce Dome, (3) Job Dome, (4) Strouds Donie, (5) Fisher
Dome. The above names are taken. from prominent elevations near the
zummits of the domes.

Bald, Dome.-This is a broad dome having an elevation of 4,600 feet
with its longer a.xis running northeast-southwes! parallel to the axis of
major uplift. The slope to the northwest is very much steeper tha^n to the
southeast. A secondary axis of uplift seems to run eastwartl from this dome
to lligh dome. This upliftecl zone constitutes the present divide between
the James and Potomac clrainase.

15
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Spruce Dome.-Spruce ilome is locatecl in Pocahontas Cou:rfy about
20 miles southwest of Bald dome in the region of Big and Little Spruce
knobs. It is 41600 feet in elevation or about the same as the precerling
dome.

Job Dome.-The axis of uplift dppears to bentl slightly to the southwest
in passing from Spruce clome to Job dome which is 400 feet lower
than its neighbor to the northeast. The distance between them is about
20 miles. On the northwest the slope is regular ancl about the same in
degree as in the case of Spruce dome.

Strouds Dome.-The Webster-Nicholas county line cuts through
Strouds dome about 25 miles slightly west of north from Job dome. In
elevation it is only 2,800 feet. The contour lines swinging southwest on
the'surface of the Plateau are strongly deflected to the west around Strouds
clome. In the Gauley River region to the southwest they again resume
their normal courses.

Eisher Dome.-_Eisher dome is located in Braxton County midway be-

tween the Elk and, Little Kanawha rivers. The 1,800 foot peneplane con-
tour encloses its summit. The slopes are very gentle and its influeuce on
the topography is not so markecl. The contour lines swing around it in
broa{ sweeping curves.

Domes in the Alleghany Ritlges.

The difficulties involved. in restoring the upland surface are much
greater in the Alleghany Ridges region than in the Plateau. It has al.:

reacly been shown that this must be the case, because of the small areas of
upland surface which can be preservecl on the crests of linear riclges formecl
by resistant rocks having moalerate thickness and steep dip. The
agencies of erosion operating on each side tend to sharpen the crest and
reduce the elevation below the uplanrl level more rapidly than in areas like
the Plateau where the outcrops of resistant rock are much broacler. Never-
theless, with the aid of projected profiles it appears that we are able to
recognize two areas in the Atleghany Ridges which show evirlence of strong
doming. The first is found in the northeastern section anrl will'be called
High dome; the second is in the southwest and will be called Potts
Mountain clome.

High Dome.-High Knob is a peak on the Shenandoah Mountain on
the Virginia-West Virginia state line in the southeastern part of the
X'ranklin quadrangle. The possibility that this dome may have been asso-



(-{) llhe dissected tpland Peneplane as it is der-eloped on the Alleghany 1{oun-
tain. \rierv lookin€i north from a point about trvo miles east of "Iop of
Alleghanl'." Fainti;' outlined in the distance is Spruce Knob, a mona<l-
1locK.

VIRGINIA GDOI]OGICAI] SURVEY BULLETIN XI, PI]ATE III.

(B) Photo taken from Sounding Krrob looking lvest. The even-crested mountain
in the background is the Alleghany which maintains the Upland Peneplane.
\rantlerpool Gap is a conspicuous feature in the middle ground. Little Moun-
tain, with cleared fields extentling far up its slopes as seen through the Gap, is
clearly far below the upland level.
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ciated in origin with the zonal uplift running east from.Bald dome should
be aclmitted. They have the same elevation and their separation may be ap-
parent rather than real.

Potts Mountai,n Dome.-Potts Mountain dome in the southwest is
a broad uplift afiecting a considerable area in Craig and Alleghany coun-
ties. The entire clome is not shown because it'passes off the southern eilge
of the map.

II

Possible Blue Riilge Dome.

- The profiIes were carried across the Great Valley an effort to.Iocate
the Upland Peueplane in the Blue Ridge. The results were not satisfactory
for several reasons, chief among which was the very restricted" area of the
Blue Ridge upland that has been preservecl. The profiIes suggest the
presence of a ilome, which is shown on the map in broken lines. It is
merely a suggestion and should be so regarded.

Relations between the.tlomes.

Ba1d, Spruce anal Job domes have alreacly been referrecl to the
same northeast-southwest axis. They are local domes situated on the zone

of maximum uplift. In like manner High and Potts Mountain domes
in the Riclges seem to lie on an axial line paralleling th6 one just described.
Strouds and Fisher domes !n the western portion of the map appear to be

isolated and do not indicate a northeast-southwest alignment so far as

this area is concernerl.

It is interesting to note that a northwest-southeast line joining the
northern end of Potts Mountain and Job domes is nearly parallel to a line
joining Spruce and Strouds clomes. Furthermore BaId and tr'isher clomes

may be joined by a line which is roughJy parallel to the two former. If
there are domes in the BIue Ridge the northwest-southeast lines might be

greatly lengthened toward the southeast.

These relations suggest the possibility of the existence of two $eries of
axial lines of elevation and the occurrence of clomes at the points of inter-
section. The fact must be kept in mincl, however, that points scatterecl
haphazard over any area can be connected by lines having no real
significance. The writer merely points out the possibility that the domes

may represent the intersection of two systems of upwarpings approximately
at right angles to each other, the first and major series of unclulations
trending northeast-southwest and the second northwest-southeast.
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Origin of the ilomes.

There are at least two ways in which these clomes may have originatecl.

They may represent unreclucecl headwater regions or harcl rock areas on the

original Upland Peneplane, or they may be due to warping. There are

several lines of evitlence which seem to iliscredit the first mod.e of origin
and to confirm the second.

In the first place the slope of the peneplane as shown on the map is
very steep. In a distance of 35 miles northwest from Bald dome the sur-

face descends 3,000 feet, which means an aYerage slope of more than 80

feet per mile. X'rom Job dome ttre peneplane slopes down toward the

northwest at an average rate of approximately 100 feet per mile for a

distance of 25 miles.

I,ate mature streams sometimes have gradients as low as several inches

per mile. Because of the high degree of its perfection we infer that the

Upland Peneplane representecl a very late stage in the cycle. Such slopes

as those given above are wholly incompatible with the stage of clevelopment

which streams must have reached so late in the cycle. Subsequent deforma-

tion alone, resulting in the formation of upwarpings antl loca} domes can

explain these very steep slopes on a former alnost perfect peneplane.

The tlistribution anil arrangement of the clrainage lines seem to throw
some light on the origin of the dorres. Tfilliams River heads against the

slope of Spruce clome ancl instead of going down the slope of the peneplane

surface it flows back across the summit of the dome which is some 400

feet high, antl discharges on the opposite side. fn a similar fashion Job

Knob Fork rises on the eastern slope of Job tlome, flows up the peneplane

slope, and, after bisecting the dome, discharges to the south. If these clomes

were unretluced headwater regions or hard rock areas on the original sur-

face it is not probable that streams would flow across them in the manner
just described.

'Webster County, West Virginia, lies on the northwestern slope of the
major uplift. Eleven peneplane contours cross it from northeast to south-

west. The geological map of this county published by the West Virginia
Survey shows that the surface formations become progressively younger

toward the northwest.l This is typical of the Appalachian Plateau.

Although the surface in this County is formecl respectively by four different
formations there is little or no topographic expression of this fact. The

'Reger, D. 8., Detailed report, on Webster County. West Virginia Geol, Surv.,
1920.
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peneplane surface however is 21000 feet lower on the western than on

the eastern border of the County. The lack of topographic expression

of the different formations is attributable to the lack o{ any considerable

variation in the resistance of the material. In this portion of the Plateau

there seems to be no gtound for the assumption that the domes are due to
rocks of superior resistance on the original peneplane. Similar conditions

are founcl in Barbour, Upshur, and Tayette counties. By analogy we infer
that in the remaining areas of the map resistant rocks are probably not
responsible for the clomes.

Drainage Development on the UpIaniI Peneplane Surface.

The drainage lines in the Newer Appalachians province at the encl of
the Upland Peneplane cycle must have been in considerable degree adjustetl
to the structure of the underlying rock. But the presence of numeroug
winclgaps just below the level of the peneplane intlicates that the adjust-
ment was by no means complete, or that many southeastward flowing
streams were born on the upwarperl Uplancl Peneplane. In the Plateau
province the drainage must have been clenclritic, the normal drainage pat-
tern in horizontal roeks.

When the peneplane was upliftetl and upwarped in such a manner as to
produce clomes the clrainage was affected in several ways.- Uplift causecl a

normal acceleration of the activity of those streams whose gratlients were

steepened. ancl a retartlation of those streams whose grad.ient$ were retluced.

fn consequence of this condition the rejuvenated streams loweretl their
channels much more rapidly than those which were affected adversely by
the uplift. Stream captures were in this way facilitated. Perhaps also

there were new colrsequent streams developed on the domal uplifts. Thus
for two reasons. we shoulcl expect to find streams flowing away from these

domes in a radial fashion. Evidently this feature will be best shown in the

Plateau area where the rocks are nearly horizontal. In the Alleghany
Ridges all traces of ea.rly raclial drainage may be entirely lost through the

extensive clevelopment of subsequent streams on the weak rock belts.

Drainage of the tlomes.

One of the most striking features of the region is the arrangement of
the main clrainage lines with reference to the strongly upliftetl zone on

which are located Balcl, Spruce, and Job clomes. X'rom this major uplift
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the streans flow away in a radial fashion to the northeast, north, north-
rvest, west ancl southwest, and it is probable that streams once flowed east

and south from this area.

Shaver's X'ork of Cheat River rises in the heart of Bakl dome and flows
50 miles northeast in a nearly straight course. Tygart River has a cour$e
nearly parallel to Shaver's X'ork, Middle Fork and Buckhannon River flow
almost due north and Irittle Kanawha River northwest. EIk, Gauley,
Williams, Cranbeny anrl Cherry rivers flow west. Greenbrier River h^eads

about 25 miles northeast of the source of Shaver's X'ork and parallels the
latter stream but flows in the opposite direction to the southwest 100 miles
to join New River. Thus through an angle of at least 180 degrees the
major streams have a distinctly radial pattern.

The drainage clown the eastern slope, which formerly was perhaps as

pronounced as the western is at the present time, has been obscured by thg
enormous development of subsequent drainage. Some of the numerous
wind,gaps through the ridges to the east may easily have been formed by
these east ancl southeast flowing streams. They would be captured by the
growth of subsequent streams which cut back along the eastern flank of the
dome. Thus Greenbrier River has appa,rently cut back so far from the
southwest that its head is now actually on the northeast side of Bakl dome.

Strouds dome seems to stand in an interesting relation to the drainage
lines. No stream, large or small, flows across this dome in the clirection of
the general slope of the peneplane. On the contiary two streams which are
appqrentiy headed for this region are for some cause diverted. Williams
River, if continued,-would bisect the clome, but from its junction with Gauley
River it takes a course around the lower slope of the dome. Elk River
makes an abrupt angle of about 90 degrees at a distance of ten miles
from the clome, which it would traverse were it not for this change in clirec-
tion. Within the 2,800 foot contour line, which marks the central portion
of the dome, are locatecl the heads of eight small streams which radiate in
nearly all directions. This suggests very strongly the possibitity of the
dome having been rebponsible for the courses of these streams.

The doming appears to be a notable factor in controllipg the drainage
even in the Ridges, as is inficated by the fact that the axis of uplift qx-
tending eastward from Bald clome towarcl lligh dome is the main divide
between northeast anil southwest flowing streams in this region. One must
consicler the possibility that this uplifted zone may be explained, as in the
case of the other domes, either as an unreduced head.water region on the
peneplane or a procluct of subsequent warping. A divide establishecl long
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ago, during the development of the Upland Peneplane, might be considered
as persisting to .the present. This assumption rrould require a delicate
balance between the north and south flowing streams coniinuing for an
enormous lapse of time and in spite of the subseguent und,oubted tilting
of the peneplane. This seems more improbable than the explanation based
on later warping. The average slope of the peneplane surface from this
uplift toward the south is to-ilay about 30 feet per mile. This is alto-
gether too steep for a peneplane surface in its original position, and its
explanation must be sought in subsequent deformation.

Earlier ver$us later warping.

The warped" form of the Uplancl Peneplane is the procluct of a frrst
warping at the close of the Upland-Peneplane (so-called Cretaceous) cycle
ancl a second warping at the close of the Valley-Peneplane (so-cailecl
Tertiary) cycle. In the areas where the Upland Peneplane is well preservect
the Valley Peneplane is poorly clevelopecl, and vice versa. Consequently
it is impossible to determine accurately the amount of warping which
should be assigned to each of the two periods of deformation.

The warping of the Valley Peneplane is <Iiscussed on page 30. This
surface has gentler sLopes than the Upland Peneplane. The lower pene-
plane seems to clescencl from the northeast towarcl the southwest ancl also
from the northwest toward. the southeast. These slopes are identical in
general direction with those of the higher level in the Appalachian Yalley
region. The degree of slope, howeverr.is less. It seems, therefore, that
if it were possible to subtract the later warping, from the combinerl earlier
and later warping, the form of the uplantl surface woukl still be similar to
the form it now possesses, although the steepness of its slopes wolkl.be
less accentuated.

2l



MONADNOCKS ON THE VALTEY PENEPLANE.

It is our po"po.. now to consider those ridges which rise noiably abovc

the level of the Yalley Peneplane but which are lowef than the Uplantl
Peneplane. They range in elevation from about 1,300 feet up to levels

slightly below that of the Upland Peneplane, and hence in no way form a

series of accorclant levels.

The Uptand Peneplane.beveled across the structure of the country.in
such manner as to expose ha.rd and soft becls in every conceivable position
with regard to the folds. Following the uplift of the peneplane, thg re-
juvenated streams set actively to work etching out.the belts of softer mater-
ial, leaving the more resistant beds in the form o{ ridges. These ridges

present in many cases very level skylines, even when reduced below the Up-
land Peneplane level, while in other cases the crest is irregular, or even saw-

tooth in longitudinal profile. As to structure, we fincl every variety of
anticlinal, synclinal antl monoclinal ridge.

e anticlinal ridges.

Anticlinal folds furnish an important class of ridges having even crests

below the Upland Peneplane level. In a number of cases a resistant layer
in the arch has been denuded. The agents of erosion have swept away the

non-resistant beds, but have not yet been able to make the surface of the harcl

formation irregular through dissection. Consequently the crest of the riclge
presents an eyen skyline wholly unrelatecl to any peneplane surface,

Walker's Mountain in the southwestern corner of the Staunton quadrangle
furnishes an ideal example of such a ridge. (Plate IV, A). The resistant

Massanutten sanilstone forms the surface of this ridge and preserves its
remarkably even crest at an altitude of 3,100 feet for a distance of six hiles.
The level of the Upland Peneplane in this section would be about 3;400 feet.

An even but sloping skyline maintained by a sand.stone arch is pre-

senteil by the northwarcl plunging end of the Rich Patch Mountain anti-
cline. The northern encl of this arch was untouchetl by the erosion which
formeil the Upland Peneplane, but has been revealetl by the stripping away

of softer beds during subsequent dissection of the peneplane. In the Iron
Gate gorge cut across the folil by James River the anticlinal structure is
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clearly shown, and a succession of resistant sandstones separated. by weaker
beds are seen to preserye the arch, d.s shown in Plate IV, B.

Rich Patch Mountain presents a fine example of what may be callecl

"cote in core" topography. The main mountain near White Rock Gap is
developed on an archecl hard rock layer which was the core of a,still greater
anticline. Going north this rock seems to have been entirely removed, anal

there comes out at a lower level an inner anticlinal core formed by the
persistent member shown at the top of Iron Gate gorge. From Iron Gate
southwestward for several miles the mountain has a yery even ctestline un-
related to any peneplane but determined by the axis of the stripped inner
hard rock core.

. Synclinal riilges,.

We have already seen that some of the best preserved remnants of the
Upland Peneplane are held up by sandstone in the troughs of open synclines.
Where the resistant member has been almost or entirely removed by erosion
the underlying softer materials are dissected into a series of irregular ridges,
having uneven crests. Thus the Pocono sanclstone has been removeal from
some parts of the Shenandoah Mountain syncline and the resultl[s-a series
of irregular ridges below the upland surface. This is particularly well
shown in the northern part of the Staunton quadrangle.

A narrow syncline whose hard rock floor was below the level reachecl

by the earlier cycle of erosion may present an even skyline below the pene-
plane. This would be true for instance where the relatively narrow out-
crops of resistant rock in the sharply upturned limbs of the fold are worn
down to the floor of the syncline which, because of its much wicler ex-
posure of resistant rock, woulcl be able to maintain an even crestline at any
given level.-

Short Ilills, four miles west of Natural Bridge, apparently repre-
sent this type of ridge. At the southern end the floor of the syncline was
high enough to be reached by the earlier erosion, while the main portion was
probably not exposecl until the following cycle.

Monoclinal ritlges.

Ridges of monoclinal structure exceed. in number all other classes. The
ridge maker may be thick or thin, very hard or of moclerate resistance, and



VIRGINIA GEOLOGICAL SURYEY. BULI,ETIN XI, PI]ATE TV.

(A) Remarkably evcn skyline of lValkers l[ountain,
The photo was taken about seven miles southwest of

an unbreachetl anticline,
Deerlield, Virginia.

(B) Northeastrvard plunging anticline o{ Rich Patch }Iountain at clifton Forge,
' Virginia. Iron Gite gor[e has been cut through this fold by James River'





MONOCIINAL RIDGTS

ma,y be steeply or genUy inclined. The present height of the ridges ancl the

even or uneven character of their crests are cletermined largely by the above

conclitions.

If the ridge maker has a narrow outcrop the crest is usually uneven

although the rock may be hard. This is to be expecteil, since small streams

attacking the flanks of such a riclge meet comparatively little resistance,

with the result that slight aclvantages acquired. by this or that stream pro-
duce comparatively .large results, the favorecl streams lowering the riclge

more rapi.dly than less favored neighbors. In the monoclinal'ridge borcler-

ing the 'Warm Springs Valley on the west the rocks stantl in a nearly per- .

penilicular attitude, ancl the resistant formation being thin, necessarily has

a narrow outcrop. The unrestricted contest of erosive forces on either sicle

of the riclge has produced a series of gaps or notches in the ridge crest.

If the ridge maker has a broad outcrop the crest is usually even, especi-

ally if the rock is very resistant. Riclges of this type are most apt to
attain the uplancl level. The limbs of breachecl anticlines in the Monterey

quadrangle probably best illustrate this group. Monterey Mountain repre-

sents the southeastern limb of the Back Creek anticline'ancl, as seen in
Plate V, A, shows only slight notches. This mountain rises higher antl
has a more even crest than Little Mountain which is the northwestern limb
of the same anticline. The difierence is due to the steeper clip ancl conse-

quently nanower outcrop of resistant rock in Little Mountain.

Uncler favorable conditions equal erosion on both sides of a monoclinal
ridge may reduce it fairly uniformly, giving a substantially even crest. The

attitude and thickness of thg ridge maker uray remain practically the same

for consiclerable rlistances in folded mountains of the Appalachian type,

while the distribution of drainage is frequently fairly uniform on either sitle

of such ridges. Under these circumstances we should expect to finil long
ridges with eyen or only slightly notched. crests below the peneplane level.

We may even fincl several ridges in a single locality the rocks of which have

the same thickness and clip, and the crests of which would there{ore be re-

duced at the same rate. Their,crests would therefore be accorclan! ancl yet
not indicate the level of a former peneplane.

In the region uncler cliscussion we have found even-crestetl anticlinal,
synclinal ancl monoclinal ridges below the level of the Uplantl Peneplane.

We have also found even crests of both accorclant anil discortlant elevations,
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as well as nneven crests. The position of the peneplane, therefore, coultl
not be tleterminecl from isolatecl even crests, or from local groups of such

crests, but hacl to be established by profiles antl comparisons extendecl over

broacl areas.



THE VALLEY PENEPLANE.

The Vailey Peneplane is the equivalent of what is frequently called the
"Tertiary peneplane." There has not been entire uniformity in the methbd
o.[ employing the term "Tertiary Peneplane." Other terms such as Ilar-
risburg anil Shenandoah have been introducecl into the literature, and
they have not always been usecl synonymously with Tertiary. Spencer in
his "Geology of the Massanuttirn Mountain in Virginia" employed the
name "Shenandoah" to designate the "floor of the Great Yalley" representetl
by the summits of the gently rolling hills into which the lowland is dis-
sected. Watson and Cline in their paper on "Drainage changes in the
Shenancloah Valley Begion of Virginia" restrict the term Tertiary to "the
round.ed monaclnocks and low linear ridges," and apply the name "Shenan-
doall' to the undulating surface of the Valley which was "completecl
probably in Lafayette time."

In the present discussion the so-called Tertiary of Watso| and Cline will
be regardetl as unreduced areas or monailnocks on the Yalley Peneplane.
It must be kept in mincl, however, that a higher erosion level than the Valley
Peneplane, corresponcling to the Tertiary of Watson ancl Cline, may'be
clemonstrated a{ter many levels in the Valley region have been determinetl.
In any case there can be no doubt that the rolling surface of the Yalley is a
peneplane, with ridges and hills rising above it as monaclnocks. The rolling
surface is here called the "Valley Peneplane."

The occurrence of stream gravels at widely separated points in the
Valley, at elevations intermediate between the present stream levels and the
Valley Peneplane surface, is taken to indicate stages in the present cycle
which were prematurely closed by uplift.

Extent of development.

fn comparison with the wholesale baseleveling produced by the erosion

of the former cycle, the Valley Peneplane presents a striking contrast. It
is only the softer rocks that have been reclucerl.to the condition of a pene-

plane during this second cycle. Limestone and shale regions are apt to
show effective bevelling while the sandstofe and quartzite areas stancl as

ridges or uplancls, some of which rise to the main upland level. Since sand-

stone outcrops so abundantly in the Alleghany Ridges subprovince, the VaI-
ley Peneplane is there very slightly tlevelopetl. In the entire Monterey quad-
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rangle it can be iclentifietl with certainty in probably not more than a half
ilozen localities, in shale valleys which have sufficient width to preserve

remnants of the surface.
The erosion of the earlier cycle, bevelling across the foltled beils, exposetl

one yery broad belt of limestone and shale to the destructional forces whicb
began vigorous work with the inauguration of the uplift which terminated the
cycle. This made possible the development of a lowlancl, the "Great Valley,"
and its recluction to a peneplane in the comparatively short periocl of the
second cycle. The Valley region is unquestionably the district in which the
Valley Peneplane surface was aleveloped most extensively. The triangular
area definecl by the towns of Buchanan, Eagle Bock, and. Fincastle shows

typical peneplane topogtaphy with some monaclnocks rising above it and
valleys cut below. The extensive shale country centering arouncl Gala on
James River has also been reduced to this level. A prong of the Valley
Pendplane extend.s up Craig Creek Valley to the margin of the Natural
Briclge quadrangle, while another prong reaches up Cow Pasture River a
considerable d.istance, perhaps as far as Millboro Springs. Around Clifton
Forge are eviclences of the Valley level in the form of gravels antl rock
benches. The broad open valley of Calf Pasture River, especially in the
vicinity of Deerfield, presents features suggestive of peneplanation.

Degree of perfeotion

In the Alleghany Ridges subprovinee the degree of baseleveling during
the second cycle was very imperfect. SmaII areas only were reduced to the
peneplane level, and they are separatecl by numerous massive riclges, some

of which reach the uplancl level, 11500 feet or more above the Valley Pene-
plane. If this region alone were uncler consicleration it woultl indeed be

clifficult to get a very good conception of the topography of this lower pene-
plane. Its best development in the Ridges subprovince is to be found in the
district around Gala on James River. There the accorclant level main-
tained by the hilltops is quite striking. The Devonian shales were reaclily
susceptible to erosion, and a peneplane was rapidly carved upon them, while
the sandstone ridges to the northwest ancl southeast stood up in defiance of
the agents of destruction. '

The Great Valley presents a striking contrast with the region just
clescribed. With the exception of an occasional prominent ridge the area
as a whole is one of slight relief. It stretches as an undulating plain from
the sandstone ridges on the northwest to the Blue Ridge on the southeast.

This Valley Peneplane is developed throughout much of the Great Ap-
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(A) X{orrterev Xlountain from Sourrclirrg t{noll. Note the even skyline.

(B) \rierv of thc Ya)le;' ?eneplane in the vicinity of IIt. Solon (Staunton quatl
rangle). shorving several lor'v monadnocks.





MONADNOCKS IN TIIE YALLEY

palachian Vailey, not only in the region under discussion but also far to the
northeast anil southwest. The rocks which have been worn down to this
lowland surface are chiefly the limestone and shale of the Shenandoah and
Martinsburg horizons. The low relief and fertile soils are favorable to
agriculture, which is so highly developed as to make this belt the most
important farming district in the State. The present streams are incised
below the peneplane, in some cases as much as several hundred feet. Thus
James River is at many places over 200 feet below the general surface
of the Valley floor, a conrlition particularly well seen between Natural
Bridge ancl Buchanan.

Monailnocks in the Valley.

If one takes into consideration the high ranges bounding the Valley on
the west and east, two rlistinct types of monadnocks are recog'nizable: (1)
Massive ridges of sandstone or crystalline rocks which often rise nearly or
quite to the uplancl level, ancl (2) smaller ridges, composed chiefiy of
cherty limestone, and usually rising from 100 to 400 or 500 feet above the
general level of the Yalley Peneplane. With few exceptions the monacl-
nocks of the first type described on pages 23-26 are restricted to the areas to
the northwest and southeast ,of the Valie;' proper. The exceptions occur
where harcl rock layers in synclines came below the level of the Uplancl
Peneplane ancl so remainecl to cap ridges which effectively resist subsequent
erosion. The Massanutten sanclstone is the resistant rock which by virtue of
its position in the troughs of synclines v'as spareal to form the crests of
high monadnock ridges like Purgatory Mountain near Buchanan, Big and
Little Ilouse Mountains, and Short Hills. The uneven surface of Purgatory
Mountain is probably due to rlissection below the upland level.

The monadnocks of the seconil type are far less conspicuous features
of the topography. They are small linear ridges most frequently develcpecl
on cherty members of the Shenancloah limestone, and run in parallel lines
trending with the strike of the becls. In many cases they form important
and persistent clivides between the subsequent streams. Where the streams
cross the strike these cherty horizons usually cause rapicls, and their valleys
are notably constricted. fn a yiew from one of the higher monailnocks
these low riclges are scarcely perceivetl, and the country appears much more
nearly level than is actually the case. Even when one is down on the
Valley floor he may not appreciate the extensive development of these minor
ridges if he travels in a northeast-southwest direction, with the strike of the
rocks. Only when he crosses the ttgrain" of the country does he realize

?9
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what an important element in the topography these ridges constitute.
They do not rise to a uniform altitude and their continuity is often inter-
rupted by cross streams. In some cases they consist merely of conical hills
aligned in the direction of strike.

Sugar Loaf, located about eight miles southwest of Staunton, is a small
but beautiful conical monadnock belonging in the second group. The twin
hills, Mary Gray and Betsy Bell, just southeast of Staunton &re also goocl

examples. Becaus.e of steeper slopes and. poorer soils many of the chert
ridges are partly or entirely wooclecl, as seen in Plate V, B. Mole Hill,
Plate VI, A, is a monatlnock of peculiar interest because, although it is in a
Iine of chert hills, it has recently been found td have a basaltic core showing
splendid columnar jointing. Since most of the minor riilges clo not rise
more than 200 feet above the surface of the Valley, and many do not exceeal

100 feet, while the topographic quadrangles usually have a contour interval
of 100 feet, this class of monaclnocks is very inadequately representeal on
the maPs' 

srarping.

In addition to the projected profiles extending across the entire area

from northwest to southeast made to determine the character of the uplantl
surface, a series of 10 was constructecl which were confineil to the Valley
region. In the case of the latter a larger vertical scale was used in orcler

to bring out the differ6nt elements in the Valley topography. trVith the
exceptiou of the- Gala district the Valley Peneplane remnants in the
Alleghany Ridges subprovince to the west, are so small that warping would
not be revealetl by the profiles. ft is obvious that the determination of
warping cannot satisfactorily be macle if observations are restrictecl to too
small an area. Even in the Great Valley the problem is a difficult one, for
a region of folded rocks exhibits the characters of warping less faithfully
than one of horizontal beds, while ? narrow belt is also unfavorable because

if the axis of uplift is parallel with the longer direction of the beit the witlth
is not sufficient to show appreciable effects.

The profiles across the Valley show that the peneplane surface rises in
going from Balcony Falls northeast to the divide between the James ancl

Potomac Rivers. Successive elevations are about as follows: Natural
Bridge, 1,100 feet; between Natural Bridge ancl Lexington L,200 feet;
Fairfield, 1,600 to 1,700 feet; Midtllebrook, 2,000 feet. Continuing north-
'east across the divide between the James and the Potomac the elevation
descencls to 1,600 feet at Staunton ancl Churchville, and 1,500 feet at Mt.
Solon.
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(A) Mole Hill near Harrisonburg, a monad-nock on the Yalley Peneplane.

(B) \\iell dcr-eloped Yalley Peneplane surface in the Niddlebrook rcgion rvith tlte
Blue Ridge in the background. Phr:rto looking east from crest of Little North
Mountain near Poncl Gap.





TY?ICAL AREAS OF T]IE VALLEY PENEPI,ANE

The greatest elevations are seen to occur near the chief divide. The

question arises whether the slopes of the peneplane surface are the normal
product of erosion, or result from warping. From Middlebrook to Balcony

Falls the uflantl surface drops about 900 feet, while the fall in the present

drainage is about 1,200 feet. As a slope of 900 feet in 33 miles is too great

for a normal peneplane surface in its original attitude, it seems most likely
that the observetl gradient is at least partly due to warping.

Ilayes antl Campbell in their map of'the Tertiary surface of this region

show contour lines running parallel to the axis of the Yalley, and indicating
a slope to the southeast of 20 to 30 feet per mile. In two of the writer's
profiles there did seem to be a distinct slope from the northwestern to the

southeastern side of the Vatley as a who1e, but one of these passed. through
the vicinity of Stuarts Draft, 10 miles south of Staunton, where there is a
lower level probably representing a more recent cycle or stage' A general

slope to the southeast across the Valley as great as that indicated in the map

of llayes and Campbell referrecl to above, cloes not appear to exist in this
area, although the peneplane which stands at an elevation of 1,100 feet at

Natural Bridge rises in the west.to 1,200 feet at Fincastle and to 1,250 f,eet'

near Gala.

' Typical areas of the Valley Penepldne,

Mid,d,tebrook Beg'i.on.-The highest elevation which the Valley Pene-

plane attains in the Valley region is in the vicinity of Middlebrook, 10

miles southwest of Staunton, where it reaches a height of about 2,000 feet.

Such monadnocks as occur here are low ritlges and therefore not imposing.

Exception should be made of Sugar Loaf whose pointed summit rises 300

feet above its surrounclings. Taken as a whole the region may be saicl to be

almost completely reiluced to the peneplane.level, ancl may be regarclecl as

typical of the more perfectly peneplaned portions of the Valley region. A
view of this section of the Valley is shown in Plate VI, B.

, Buchanan Region.-If one climbetl to the top of one of the low monatl-

nock ridges west of Buchanan he could get a typical view of the Valley
Peneplane as it is developed south of James River in the region between

Buchanan antl Eagle Rock. It is a sweeping, gently undulating surface

extending eastwartl to the base of the Blue Ridge and southwestward almost

to Roanoke. Little Timber Ridge, Timber Ridge, and Cetlar Riclge are

monaduocks.

31
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Fincastle Region.-West of the town of Fincastle the Valley Peneplane
is extremely well ileveloped. Dissection has been relatively slight, ancl
woodecl hills near the base of the Alleghany rirlges preserve the surface in
a striking manner. (Plate VII, A).

Gala Beg,i,on-Extending in all directions from the station of Gala on
the chesapeake and ohio Railroad along James River, is a section of country
with low relief in which the hilltops reach an ayerage elevation <if about
7,250 feet. There are prongs of this low surface extencling up Craig Creek
and Cow Pasture River. Shale is the dominant rock type, and it was be-
cause the shale is not very resistant that the country was worn down to an
unusually even surface by the close of the cycle. Big Hill is a typical
monadnock rising a little more than 500 feet above the peneplane.

The limestone anrl shale of the Valley clo not give quite such a perfect
surface as the areas in which shale alone occurs, ,as a comparison of the
Buchanan and Gala regions will show.

Coai,ngton Region.-In the region west of the confluence of Jacksod
River and Potts creek there is a large expanse of shale country. An especi-
ally good view of the resulting topography is to be.had from the covington-
IIot Springs Road, about flve miles north of Covington. Irooking south
from this point one sees the valley Peneplane represented by the summits
of a complex of hills giving a remarkably accord.ant skyline between the
high bounding ridges which rise sharply as monadnocks above the valley
level. The peneplane is so striking that the hilltops look no more uneven
than the waves of a choppy sea. (Plate VII, B).

rn addition to the accordant hilltops we find further eviclence of the
development of a peneplane in the valley of craig creek. This creek flows
in an entrenchecl meanclering valley. The meander spurs extri6it on their
down-valley sides the gentle slip-off sropes ancl on their up-valley sides the
steep undercut slopes characteristic of valleys of this iype. The contrast
in slopes is further emphasized, as so often happens, by reason of the fact
that the undercut slopes are usually wooded, while the slip-off slopes have
been cleared. The road in crossing over the meander spors frequently ex-
poses beclrock, generally shale, proving that the flat-topped spurs are rock
benches. The elevation of these spur uplands corresponds to those in the
shale country uroood Gulu. x'loodplain sands and gravels are strewn over
the summits of the flat-top meander spurs at an erevation of about 1,2d0
feet. The water worn pebbles are sometirnes deepry pitted, indicating great
age. Near slash school a good exposure of river sands was founcl where
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(A) The wooded Valley
shol's the somervhat

BUIJLETIN XI. PLATE VII.

,,:l:::

Peneplane surface west
irregular crestline of the

of Fincastle. The background
Nerver Appalachians.

(B), \rierv lookin_g souJh from the Covington-Hot Springs road showing in the near
background the "ValleJ-" level as it appears rvest oT Covington. T:he irregular
-tlleghany r_idges appear in the far background lvhile the valley of Jac=kson
River occupies the middle ground.





DEGREE OF DISSECTION

the roail cuts across one of the meander.spurs. It appears that Craig Creek

acquired its meandering course in a broad valley on the sgrface of the Valley
Peneplane, and that the uplift of the region permittetl both the entrenching
of the meanders ancl the dissection of the peneplane.

Degree of tlissection.

The streams of the Valley region have entrenched. themselves notably
into the Valley Peneplane since the beginning of the present cycle. In
som.e places the upland surface is much dissected by valleys and gorges. fn
few cases, howevor, coulcl one say that the peneplane is maturely dissected;
often the stage of subnaturity is scarcely reached.

Along James River steep valley walls lead frcm the narrow flooil-
plain up to the peneplane surface several huntlred feet dbove the stream
Ievel. Thus even the major streams possess valleys youthful enough to have

walls which roacls must ascentl by steep gradients.
Some regions showing a slight amount of dissection were clescribetl and

illustrated in the section dealing with "Typical areas of the Valley Pene-

plane."
The presence of gtavels in the Valley at levels lower than the Valley

Peneplane was referrecl to on page 2?. .Whether or not these gravels

occupy definite horizons capable of correlation will have to be determined

by a detaited study involving many accurate measurements. If such

definite intermediate horizons are establishetl they should be regarded

as, terraces or benches representing partial cycles that were prematurely

brought to an encl. To apply the term "peneplane" to levels which hatl so

restricted a clevelopment even in weak rocks woulcl seem inappropriate.



THE TERRACES.

Stream terraces o""o, io many localities throughout the region untler

d.iscusslo:r. They are best developecl in the longitudinal shale valleys of

the Alleghany Ridges, but are not wanting in the Appalachian Valley. WeIl

definetl examples were locatecl in the western part of the Monterey quatl-

rangle along Knapp Creek at Frost a.nd ,Driscol l along tributaries oI

Greenbrier River at Greenbank and Dunmore; along the valley of Jackson

River at various points from its heacl near Monterey to Covington; alopg

the valley of Cow Pasture River at numerous points from McDowell on

Bullpasture River (a tributary of the Cow Pasture), to its confluence with
Jackson River below Clifton n'orge; along Jackson River above and below

Glen Wilton; and in the valleys of tributa.ries of these larger streams'

0rigin antl characteristics of terraces in general.

Several kinds of stream-formed terraces may be recognized as follows:

I. Floodplain Terraces. This is the most common type. They are

formecl by a clegratling stream operating in a valley which it has previously

aggraded. The stream cuts its channel into. the alluvial materials which
make up the flootlplain, and the floodplain remnants left after the down-

cutting rehain as benches or terraces. The entrenchment of the stream in
its flooclplain may be rlue to

(a) an increase of strearn volume, or
(b) a clecrease in loacl of ilebris, or
(c) an inirease of stream gradient tlue to tilting or
(d) successive uplifts of the land permitting the stream to cut suc-

cessively to lower anil lower levels.

In the first three cases the stream, although cutting uniformly down-
. ward, procluces not only the two terraces of equal height on the two sides

of the valley representing the original flooclplain level, but in adilition a

series of lower terraces of discordant elevations. clue to the fact that the

stream, in swinging from sid.e to side across the valley floor, repeatedly en-

counters the rock wall of the valley side at varying elevations.' Above eacb

l Davis, W. M, Geographieal pssays. Ginn & Company, 1909. River Terraees
in New England, pp. 514-586.
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point of contact a rock-defended portion of the floodplain, in other words a
ttrock-defencleff' tenace, is preservecl, as shown in Figure 2.

. Fig. 2.-Rock-clefended floodplain terraces.

In the last case, (d), suecessive uplifts alone will cause temaces, one set
for each uplift, providing the period of stability following each uplift is not
sufficienUy long to permit the stream to remove earlie formed higher
terraces. The elevations of the members of each set of such terraces should
corresponcl. If during any period of downcutting the swinging sf,ream
shouitl encounter the solicl rock of the valley wall a rock-defenclecl terrace
of the type clescribed above would be formecl at an intermediate level. In
a series of floodplain terraces it woulcl be possible, therefore, to fincl two
types, some in sets having accordarrt levels, others not correlatable, some c[ue
to successive uplifts and others due to.rock clefense. (Figure B).

X'ig.3.-Floodplain terraces. II, terraces due to ujilift; R.. R., terrace levels pre-
served by rock defense.

II. Rock Terraces due to differential erosion. Terraces or benches of
this type &re common in regions of horizontal, or nearly horizontal, struc-
ture,, where there are alternating layers of weak ancl resistant rocks. The
Esplanade of the Grand Canyon of the Coloiado is an excellent illusf,ration






















































































