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ABSRTACT
Tho YMount Jackson quadrangle is located im the noydhern part of the.

m;tn B part of the 'idge-andeValloy province, The quadrengle
ns four wnits, from southeast to nortimest the Shenan.
doah salient of the | Nidge, Iags Valloy, the llassarmutten ‘ange, and

“henandoah Vallay,

Strata present in the area range from basal Cambrian to 'dddle Tovo-
mian, "he Combylsn and (ydovician formatione are found in Tage and “henan~
dogh Valleye; the “ilurdan and Devonian, in the “assanutien ‘anga, The @bra~
tiMo colwan bogins with rether pure dolordtes (Tomstown dolowdite) fol-

Wnuqumeofargﬂlam dolevdites (7 and “Abrook for-
nrdions)s tlese are overlain by a series of dded limestones, dolow
witas, and sendstones (Conococheague limestone), A1l four of tiese forma-
tions are Cambrian w The Urdovieian begine with & thick formation
of limestones and do tes (Deelmantown formation) which contains a pro-
dnent chert mesber, The oi’thisfmmiamrkadwnnmfm-
ty; it ie followed by more (Tiew larkot, Lincolnshire, Idimburg).
In the east the Lincolnshiyre linestone 1s rullarmﬂ y the blﬂd: shale fo~
cles of the ,:ﬂm formation, which passes up into a sequence of coarser
detrital rockes (Martimsburg formation, Cub sandstone) that record an up-
1if% to the east, 'n the wost the black ghale fneios occcurs at the base of
the Hartineburg formation, btut the same upward change into coarser matorial
is noted, A dMgconiormity, maried by the absence of the Ogwego and Juniatae
formmations, separates the dark Cub sandstones from the white martzite
(lassamtton sandstone) whiech overlies it, This basal Sdlurian quardzite
is followed in turmn by & sequence of red beds, the "oomsburg formation,
widch is followed by two limestones (7 f‘ntmrd;m). A third clim
formity st the top of thes- limestones is d by the absance of the Orise

kany sandstone; the limestones are overisin divectly by the shales and silt- |

stones of the lormey growp,

“he principal structures in the muadrangle ave the tyviecal Arpalachiane
tyre folds and thwmst faults,

The northern and southern parts of 'age ”ﬂlle'y sye strcturally dif-
forent, ™ the south the main structure is the “rove I'ill-lewpory fault,
2 rather low-angle thyuet fmult lying weet of the Mue “1dpes The thyust
fault iteelf is cut by a later esst-west high le fault nlong which var-
ticnl movenent wne dominant, "n nortlom lage Valley the main stypucture is
en overturned symeline, poorly dofined st.ruti;;r'-pm.anu s near the eastern
adge of the quadrangle, To the west, near the ‘out!: rork of the “bhenandoab,
iz a pwu:u.or fault that iz interpreted as 2 backthrust with 8 steop
ai. overturned dip, lorth of this fault lies an outlier of Urdovician

mmnﬂ{ a landslide block from the sast,

tingsanl gyrelinoriuws is included in the lassanutlen iange. The
sastern syneline in this structure is isoclinal and overturnod to the north-
wgt, To the west is an open antioline with an axial plave dipring to the
nortinest, in contrast to most Appalachian folds, The western gyncline is
also anomalous, sinee it 1s ovorturned locally to the southeast, Tho folds
in the 1inordus recel: 2 culmination at lew larkot Oap, Two fauits are
also included in the structure,

In “henandoah Valley the folds are again of the typical Aypalachien
type, The two on the sast hove beon included by some in the lassanutten
synelinoriun, Yo the wost of thiks anticline and ine is a broad compo-
gite antioline; nlong the westoim lirb of this fold thare ie local overturne
ing of the strata and it armears that at least three folds are actually
mregent in this proup, In the southem part of the quadrengle are two
thrust faults: the "tmmbton" foult on the sast and the Lineoln 7111l famlt
on the weost, The "“tmmton” fmlt is a higheangle thrust fmlts the dip of
the Lincoln 411 fauit 4 not so steop, ™ the nordimest rvart of the valley
1:12 third thragt foult, the “sumaville fault, a hwench of the Torth Usune
t fault,




Cenozoie deposits consist of stream gravels, stream terreces, wnd
valley foor features, The high-lowvel otroam gravels arecbest developed in
Fage Valley, whore tlwy reach thicknesses of 100 feet or more and are come
posed of quartasite + In Shenandoah the gravel deposits are in the
form of soattered patehes, wich include one sunll deposit of limestone
gravel, The stroan terraces are better developed along the liorth Fork of
the °humdm in “henandoah Volley, than zlong the Nouth Fork in fppe
¥alloys in valleye, howewver, the terraces are sbtrath tarraces, The
valley floor along Woth forks of the “hanandonh is dominantly of erosional
ardging the valloy floor, like the torreves, 1s better doveloped along the
EmiEh' Pork, Tufa deposits are found in soveral mreas, Tula doms are built
aeross two of the tributaries to the lorth Fork at pointe dowmstroan
fron fanlte, Concretionary tula pollete nro found along one stream in the
Uagsarmbtben lange, Yo pood evidence for pena lanes could bo found in the
DA,
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INTRODUCTION

The field work on this dissertation was done during the swmors
of 1951 and 1952, ocoupying about five months in all., The work was dome
under the auspices of the Virginia Geolegicsal Survey and forms a part of o
larger-setle project of this survey. The area lies in the northern part
of the Valley of Virginia; a mmber of quadrangles to the north and northe
east have been mapped previcusly by Charles Butts and 2, 3, ’dmundson,
Work is mow in progress on the geology of two other adjacent quadrangles,

The area is of interest from various geologienl points of viewy
ummm.m.mmmormm
structural geolegy.

The quadrangle includes a development of Silurian and Devonian
strata in the Maassamutten synelinorium, which has preserved these formations
at a point considerably farther east than they are found elsewhere in this
region. A good development of Middle Ordovician strata is present to the
east and west of the synelinoriumg these strata have been the subject of a
good deal of disouzsion in recent years,

The geologie structures in the area include those of typical
"Appalachian type”; in addition, there are several anomalous structures in
the Massamutten synelinorium. In Page Valley the struetures nsar the
western front of the Rlue Rdge were studied.

The geomarphology of the ares is also of interest, High-level
gravels are spread over large areas in Page Valley and over smaller scattered
areas in Shemandoah Valley. Terraces along the major streams present some
interesting features, as do the tufa deposits along some of the tributaries,
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LOCATION

The Mount Jackson quadrangle lies betwoen 38°30' and 38°45' north
latitude and 78°30¢ and 78°45' west longitude, in the northwestern part of
the State of Virginia, It is located about 90 miles WSH of Vashingtonm,

De Cup and 150 miles WV of Richmond, Virginia, It includes parts of Page,
Shemandoah, and Hockingham Counties.

T ghe s 18 ereeged by & Snike? of good seads. V. 6. Mighay 1
runs northeastward through the Shemandoah Valley to the west of the 'assan-
utén Range and State Mighway 12 parallels it in Pege Valley on the east
side of the range. From the east U, 3, Fighway 211 crosses the area, cross-
ing Route 12 at luray and Woute 11 at lNew Market., foute 11 is the main
north-south road through the eastern part of the Arpalachians, reaching
from the morthern end of lake Champlain on the morth to Birmingham, Alabema,
at the south end of the Appalachian Ridge-and-Valley province. Two railroads
cross the guadrangle from northeast to southwest, The Southern failroad
rarallels Route 11 and the Norfolk and Vestern parallels Route 12,

The largest town included im the quadrangle is Shemandoah, on the
southern edge of the map in Page County. It has a population of about 1200
and is sftuated on the Norfolk and Vestern Railroads which is responsible
for most of the employment of the inhabitants. Othor small towns lie en
U. 5. Highway 11 on the west of the mountains. The chief ones are New
Market and Mount Jackson, both of which have populations of less than 1000,
These two towns and Tenth Legion to the southwest began as toll stations
on the Valley Pike, which the modern highway now followm,



PREVIOUS WORK

The earliest geologic study of the area here discussed was that
of Wlldan Barton Rogers, the state geclogist of Virginia from 1835 to
1842, TRogers! work is often quite astonishing in its scourecy; despite the
more than 100 years that have passed since his work was done, the refine-
mont of the stretigraphic units, and the development of better base maps,
many of his cbservations on the area have proven to be more reliable than
those of more recent workers. Rogers' work covered the states of Virginmia
and Vest Virginia and is published ss a series of jeports of the State
Geologist which were later collected and published in one volume as The
Geolegy of the Virgintas (togers, 1884).

The next referemce which was made to the area was made indirectly
in 1891, vhen the Massanutton sandstons was mamed by Gelger and edth (1891),

In 1896 A. C. Spemcer published & recommaissance survey of the
entire Missanutten Mange which included much of the Mount Jackson quadrangle
as vell as other areas to the northeast and souvthwest. Although the entire
range wvas included in this study, the vork was apparemtly centered in Fort
Valley to the mortheast of this quadrmangle,

Re 5, Bassler mentions several sections within the Mount Jackson
quadrangle in his study of the cement resources of the state (1909).

In 1919 and 1922 $wo bulletins were published by the Virginia
Geological Survey on manganese resourees of the state and both of these
include areas related to this quadrangle, The first of these (Stose, 1919)
covers the deposits located along the west foot of the Blue Ridge and
includes the southeastern corner of the Mount Jackson quadrangle., The
second (Stose and Miser, 1922) deals with the deposits west of the Flue



Ridge and ineludes a deseription of the mines in the Massamitten Mange to
the northeast of the Mount Jacksom quadrangle.

In 1933 a geologie map of the entire Appalachian regiom in
Virginia wvas published by the survey (Butts, 1933). The map is accompanied
by a short text describing the various formations mapred., Im 1940-41 a
more complete study of the Paleosoic formations was eompleted by Butts,
This bulletin includes detailed descriptions of the formations and a shorter
desoription of the strustural geology and geologic history of this part of
the Appalachian region. |

The manganese deposits in the southeastern part of the gquadrangle
wore studied by P. B. ¥ing in 1943 as part of the deposits of the Flkton
reglon (King, 1943). This work includes the first really detailed study
of the stream gravels along Page Valley., A larger and more comprehensive
vork by King is said to be in press at the present time.

Two years later a study of the commercial limestones and dolomites
in the morthern part of the Valley of Virginis was completed by R, S.
Pdmundson (1945); this deals omly with the Cambrian and Ordovieian streta,
The following year a revision of the ddle Ordovieian stratigraphy wes
published by B, N. Cooper and G, A. Cooper; this imcludes severul sections
vithin the Yount Jackson quadrangle. The two Coopers were assisted in this
wvork by Pdmundson, though the latterts name does not appear on the manuseript
because of his disagreement with the authors! conelusions,

In 1949 & more complete study of the stresm gravels in Page Valley
was written by P, B. King (1949).



The field work upon which this dissertation is based was done
under the auspices of the Virginia Geologicsl Survey; the writer wishes
to express his appreciation to the various officers of this survey, espec-
ially to Mr. W. M. MoGill, chief geclogist, for making this work possible,.
In addition the auther wishes to thank Drg. C. % longwell, John Rodgers,
Ce Os Dunbar, and %, F, Flint, all of Yale University, for their invaluable
aid and, perhapn, even more invaluable encouragement during the time when
the work wvas being done. Both Dr, longwell and Dr, Rodgers visited the
author in the field and made many suggestions vhich have been incorporated
inte the dissertation. 'r. Robert Younmg and Mr, ¥illiam Bremt, graduate
students at Cornell Umiversity vho were working in adjacent quadrangles,
were also helpful in the regiomal relationships and interpretations.
Fimally a rather large debt of gratitude is owed to Dry R. S. Nimundson of
the University of Virginia for suggesting the quadrangle as a dissertation
problem and for the training received from hin during the swmer of 1950
in the Strasburg quadrangle.

Two workers, now deceased, should be memtioned here for their
indirect aid, These are ¥, B, logers and Charles Pubts, both of whose works
on the regiomal geology of the Appalachians were frequently drewn upon.

PHYSIOGRATRY

The Mount Jackson 1ies, for the most part, in the Ridge-and-Vallsy
province, Only the southeastern cormer of the area lies in the Hlue Ridge
provines, Fhysiographieally the area oan be divided inte four parts: the
Shemandoah salient of the Plue Udge, Mage Vallsy, the iassamutten Rmnge,
and Shemandoah Valley.



The draimage within the area flows into the draimege systems of
the North Pork and the South Fork of the Shemendoah River. These two
master streams flow to the northeast, the North Fork through Shemandoah
Valley, and the South Fork through Page Valley. The two streams join near
the town of Riverton to form the Shemandosh River, which enters the Potome
River at Barpers Ferry.

Shemandoah saliont. The westward bulge of the maim part of the Blue Ridge
which lies to the east of the town of Shemandoah has been called the
Shenandoah salient of the Elue Ridge (Ring, 1943). The area is quite
mountainous and is covered by a thick forest growth that adds greatly to
1ts inmnccessibility. The topograrhy is domimated by four ridges that
extend northward from an unmamed high knife-like ridge near the southern
edge of the quadrangle, The salient is drained by three streams — Honey,
ldne, and Stomy Muns ~ that flow morthumnd into the South Fork of the
Shemandoah and by Fultz Run vhich flows westward into the Soulh Fork just
south of the unmamed ridge mentioned above, All four of these streams are
small, however, and during the hotter parts of the summer they may become
completely dry.

Page Valley. rage Valley 1lies to the west and northwest of the front of
the Shemandoah salient; it is a broad, relatively flat lowland underlain by
veak earbonate rocks. The valley is marrowest im the south, where the
Shevandoah salient extends westvard from the Dlue 'ddge; it becomes wider
towards the morth, reaching & maximum width of ebout eight miles in the
vieinity of New Market Gap and Bamburg, The lowland is drained by the
South Fork of the Shemandosh; most of the tributaries to the river reach it
from the east, The South Fork itself flows in a rather steep-walled valley
cut in the lowland and is bordered by relatively marrow walley floor,
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a, Short Yountain, a synclinel mowmtain in the lassa-
nutten lange north of llew larket, Shenandoah
County.,.

b, Hew larket Cap in the Massanutten lange, showing
Strickler Ineb in the northern part of the range
to the right.

PLATE 3



Massanutten fange. The Massamstten fange bordors Page Valley on the
northwest, The name is used hore to desigmate a group of relatively straight
ridges which have a morthesst trend; the entire group has boen called simply
Massanutten Mountain, btut since this latter name is applied on the map to
two of the ridges in the group the tem "range® will be used when referring
to the group as & vhole, Distinet ranges of mountains cannot be recognized
in most parts of the RMdge-and-Valley province and the term "range" is thus
not genorally used in this regiony for such an isolated group of ridges,
hovever, the term socems proper, The range is divided into & northern and

a southern part by New Market tap, whish 1ies in about the center of the
quadrangle. The ridges of which the range is composed are of the type
ealled monoelimal ridges by Fonneman (1938) and by Lobeck (1932, p. 591).
Since these ridges are not the result of a monocline, however, the applics-
tion of this tem seens unfortumate, and the term hogbask will be substituted
for it here. In addition to hogbacks, both synelimal and anticlinal ridges
are present within the range; Short ‘ountain east of Mount Jackson is an
example of the former, Catback Mountain of the latter,

The southern part of the range is drained by Cub Mun and its
main tributary, Pitt Spring Muny Cub Run leaves the range through a gap
in Piret Mountain to flow into the South Fork of the Shemandoah, The
northern rart of the range is drained by Passage Creek and its tributaries.
This draimage leaves the sange through a gap in the northern end of the
range; it flows into the Souwth PFork,

The ridges and valleys of the range are largely covered by second-
growth forests; the range is almost completely uninhabited, with the excop-
tion of & fev farmms in Port Valley near the northern border of the quad-
rangle, Tarther to the northeast, as this wvalley widens, & mumber of farms
are found, The soll, wvhich is derived from black shales and gray sandstones,
is poor,



Shepandoah Valley. The 'Rassnutten fange forms & rather marrov longitudimal
strip of highlands along the middle of the Valley of Virginia, splitting
this valley into two parts, The southeastern part was desoribed above as
Page Valley, The lowland to the morthwest of the remge will be called the
Sherandosh Valley, although only the North Fork of the Shemandoah flows
through this lovland, The Shemandoah Valley is bondered om the morthwest
by the first ridges of the Appalachian Mountains, which lie Just a few
miles northwest of the edge of the map. The topography of the Shemandeah
Valley is much more irregular than that of Page Valley, The general surface
of the lovland is broken by several lines and groups of hills, like those
northeast and southwest of New 'arket and those between Juicksburg anmd
Forestville, The area is drained by the NWorth Fork of the Shemandoah River
and by its ehief tributary, Smith Creek, The valley floor alomg the North
Fork is considerably more extensive than that along the South Fork,



STRATIGRAPHY
INTRODUCTION

Although the principal study undertaken in the juadrangle was its
structural geology, it has been quite impossible to divoree the stretigrephy
of the rocks frem their structure. The study of the "aleosoic stretigraphy
in the quadrangle could quite easily have been made & complete study in
itself,

3ock units. The fundamental stratigraphic unit is the formation, In spite
of this -- or perhaps, because of this -~ there appears to be some dis-
agreenment as to just what a formation is, and it would seem profitable to
go into this briefly before procceding further, if only to anmtieipate
certain objections that may arise from the writer's uss of the tem,

As used here, a formation is primarily a lithologie unit of very
great lateral extent and limited thickmness; ita boundaries are drawm at
horizons where the lithology undergoes an apparently significant change,.

A formation may be composed entirely of ome rock type, as is the case with
the New Market limestone of this report, or it may consist of several
interbedded rosk types, as in the Deekmantown formation. In any case, the
rock types included in a formation comprise a unit: & sequence of inter-
bedded shales and limestones between two thick sandstones 4s as much a unit
as the sandstones. In some cases the lithology of a formation may change
along or across its strike; the several geograrhieally restricted rock types
of vhieh a formation may be composed are called facies of the formation. A
change in facies may be caused by & change in ono or more of the properties
of the sedimentary rock included im the formation: color, grainsize, mineral
composition, ete, The formation is besically a genetic unit, since it



represents a response to a given enviromment; if the enviromment changes,
then the lithology should also shenge, If the change in enviromment is
geographie in distribution, them it i1s rerresented by a change in facless
if the change occurs vith the passage of time, 1t is represented by a mumber
of formations or of subdivisions of formations. The upward change in
lithology may be sudden or graduals thus; formation boundaries may be
"matural” or artificial,

A formation may be subdivided into two or more units which are
ecalled membersy the boundaries of these members are essentially parallel
to the formation boundaries; they are thus distinguished from facles. It
cannot be doubted, however; that a menber may e & tongue of one of the
facies of the formation,

Formations may be eollected imto groups, which are gemerally
composed of related lithologies. Thus, the major units into which the
stratigraphic column in the Mount Jackson quadrangle has been divided might
be eonsidered as groups, although they have not been named such,

Relation to time and time-rock ynits, Schenck and Muller (1941) have put
forth a three-fold elassifieation of stretigraphic unita vhich has been
videly accepted. In this glassifieation three types of units are recog-
nized: time-rock units, which are groups of strate deposited during the
various time unite; time units, which are segments of contimuous geologie
time; and rock units, which are maprable assemblages of strata,

Some authors have preferred to think of formations as time-rock
units rather then as rock umits; such an imterpretation will mot be followed
here, however, In the case of one of the formations described below, the
included streta range in age from late Silurian to Marly Devonian (Catherine



limestone), It may be possible by detailed work to separate the Silurian
from the Devenian part of this formation; nevertheless, this formation,

as defined, is & mappable lithelogle unit and conforms quite well to the
definition of & formation,

Ialgontology. Since the time of William Smith paleontology has been an
almost indispensible tool of the stratigrapher., The use of fossils, in

the correlation of strata has led to the advancement of stratigraphy to

the place vhich it holds todey in spite of recognized difficulties, How-
ever, the writer has attempted as far as possible to map the formations
recognised in this area on the basis of lithology Sether than of releontology.
Fossils are present in many of the formations and are even abundant in a
fevs they have been used only vhere necessary, howover, and in most cases
their use has been confined to correlating the formations in this quad-
rangle with those elsewhere in the Appalachians.

Iarlier stretigraphlc clagsifications, The earliest subdivision of the
Paleosoic rocks of the region into formations was done by W, E, Rogers

(1235}, The strata mapped in the Mount Jackson quadrangle eorrespond to
his formations II to VIII, Iater, V. H, Darton (1892) gave mamos to these
formations and these names vere them used by Spenmcer in his work in the
Massamutten fange (1896). Im 1905 H. D, Campbell subdivided the lowest
of Darton's formations into 2 mmber of smaller units, The next mjor
change in stratigraphic nomenclature in this region occurred in the last
half of the 1920's, vhen Charles Putts began applying nemes brought in from
Pennsylvania and Tennessee, breaking the stratigraphic column inmto a mmber
of smsller undts in the process. PFimally, in 1946, B, N. Cooper and G, A.
Cooper revised much of the stretigraphy of the iiddle Ordoviecian,
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The elassification used here is a combimation of those of Spencer,
Butts, and the two Coopers, Tate 5 gives a comparisen of some of these
classifioations,
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CAMBRIAN FORMATIONS
Chilhowse group

The various formations within the Chilhowwe group have not been
separated for the present report; a more detailed study of this group was
made in 1943 by P, B, Ying, and remapping of the units for the present
report was not undertaken. The group consists of three formations, an
upper and lower sanistons separated by shales. Fxposures of the group are
limited to the Shensndoah selient, vhere the resistant sandstones in the
group sre responaible for the ruggedmsss of the topograrhy.

Tomstown dolomite

Jame. The Temstown dolemite was named by G, W. Stose (1906, p. 208) from
a town of that mame in Franklin County, Fermmsylvania, The mame Tomstowm
dolomite has since been used by Stose (Stose and )Miser, 1922) and osthers
for the dolomite unit overlying the Chilhowse group in northwostern Virginia,

Limits. The Tomstown dolomite is distinguished from the underlying Chilho
wvee group by an abrupt difference ia 1ithology: the Tomstown is a dolomite,
vhoreas the upper formation in the Chilhowee group is & quartzite. The
boundary between the two formations is thus drawn at the base of the lowest
dolomite bed in the formation or, where the dolomite is deeply weathered,
at the base of the residual clay derived from the dolomite. The upper
boundary of the formation 4s nearly as distinet as the lower boundary; it
1s drewn at the top of the highest dolomite bed of appreciable thiskness,
since the lower part of the overlying Waynesbore formation is composed of
shale,
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Gharmoter, Within the area mayped the Tomstown dolomite is desply westhered
and in nost places 1t is ropresented by vesidual clays. Those elays are
generally buff o brown in eolor, with a tough vaxy character, Occasiomal
layers of silty or fine sandy material are found and im some eases the
original bedding in the formation has been preserved.

One owterop of relatively fresh rock was found along Pults Run,
The rock here 1s & ccarse “worm-saten” dolomite with chert nedules.

Distribution and thickmess., The Tomstown dolomite is restricted to the
sone bordering the Shemandoah salient on the north and west; it lles
entirely within the fault block bounded by the Grove Hill-Newport and the
Stanley faults,

The formation underlies a part of the gently sloping surface that
extends valloy-wvard from the Shemandoah salient. Details of the topographic
expression of the formation are hidden by the Mage Valley gravels.

The thickness of the formation is mot too well detoruined, The
upper boundary of the formation has been located only along Mults Rumj the
base of the formation is exposed farther up the stream, The thickness of
the formation along this streanm is about 1700 feet.

Age and correlation. lo fosails have been found in the Tomstoun formatiom
within the Mount Jackson quadrangle, Tisewhere in Virginia, howsver, the
forsation insludes Archeoovathug, Olensllug, and Clonoldess the formation
1s thus of Parly Cambrian age,

Farther south in 7irginis and in Tennessee the formation is
called the Shady dolemite,



Waynesbore formation

Jamg. The Waynesboro formation was mamed by G. V. Stose (1906, p. 209)
from the town of Waynesbore im Franklin County, Pemnsylvenia, Use of the
name has been axtonded into the morthern part of the Valley of Virginia by
Butts (1940) and others.

Limits. The upper boundary of the formation is scoswhat essior to establish
than the lower one, since it 1s better exposed., The formation is overlain
by shaly dolemites belonging to the Mlbrook formation; the upper mamber of
the Waynesboro formtion is composed of more massive dolomites, however,
and the upper boundary canm be drawn st the change frem shaly to massive
dolomite, GShaly dolomite also oscurs in the upper Uaynesbore formstion,
but this generally does mot confuse the situation since the shale here forms
only a smll part of the strata, In most eases the lower boundary of the

- formation 1s concealed under several tens of fest of talus and alluvimm,
8o that in mapping the Laynesboro formation has not been serarated from
the underlying Tomstown dolomite. ihere the contasct between these two fore
mations is exposed along Fultz 3un the boundary ean be fixed: the lower
Waynesbore formation is domimantly shaly, whereas the Tomstown dolomite is
composed of dolemite., The change is thus similar to that at the top of the
formation.

Charagter. Only the upper part of the Waynesboro formation is gemerally
voll exposed in the Mount Jacksen quadrengle. The lower beds in the forma-
tion are generally covered by talus and alluvium away from the streams,
The upper part of the formation is composed of dolomite and dolomitic lime-
stone with only minor amounts of shale., Fresh surfuces of these rock types
are light to dark gray; on weathering the dolomite becomes buff-colored,
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while the limestone is gray. OGrain sise ranges from coarse to apbanitie,
In scus cases the limestone and dolomite are interlamimmted; such inter-
lamination is apparent, however, only on weathered surfaces.

The lower part of the formation is composed largely of shale,
vhich ranges from yellow to red in calory the red shale is distinctive,
Some: silty or even sandy beds also oocur in the lower member,

Digtritution and thickmess. The Waymesboro formation is limited in its
ocourronce to the area bordering the themandoeh salient on the west and
north, It is eonfined to the fault block bounded by the Grove HilleNewport
fault on the west and the Stanley fault on the north.

Tepogravhicelly, the formation forms a part of the surface sloping
gontly awey from the mountains in the Shemandcah salient, At many places
elsevhere in the state the Waynosbore forms low comical hillsy such a
topography may be concealed beneath the talus and alluvium that cover much
of the formation.

The thickness of the formation in this quadrangle could be measured
only along Pults fun, along which both the top and bottom the formtion ean
bo established, The thickness here is ebout 3500 feet, about twdoe the
thickness generally sssigned to the formation; the strata may be folded
several times within the Fults Run section, but exposures are poor and the
complications could not be found,

Age and gorrelation. The Waynesbore formation, like the Tomstown delomite,
is unfossiliferous within the lount Jackson quadrangle. Detween Harrison-

burg and foancke, Virginia, however, a trilobite fauna has boen found in
the formation, This fauma includes both Marly and iddle Cambrian forms,
the ¥iddle Casbrian omes being restristed to the upper parts of the
formation,



a, ‘laynesbore formation: shaly dolomite in the middle
part of the fommation., “mn Crocked Hun southeast of
Orove IH1l, lage County, Strata overturned, dipping

east,

b, Tlbrook formation: shaly dolomite with interbedded

masgive dolomlite, ‘n Horfolk and “estern 1ailroad

east of Crooked fun, Fage County.
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Farther south in Virginia and Tennessee the Waynesboro formation
is called the Rome formation, It is essentially the ssme as the Ruseell
and Buena Vieta shales that were formerly used in the eentral part of the
Valley of Virginia. In Pennsylvania the Waynesboro formation has been
split locally into the ledger dolamite above and the Kinsers shale below;
these may be equivalent to the upper and lower members of the formation
described above.

Elbrook formation

Name. The Elbrook formation wus named by G. W. Stose (1906, p. 14) from
the town of Elbrook in Franklin County, Pennsylvanis. Use of the name bas
since been extended far into the Valley of Virginis both by Stose and by
Butts,

dmits. The Elbrook formation is distinguished from the Waynesboro forma-
tion which underlies it by the shaly character of the dolomite in the
Elbrook formsation, the Waynesborc dolomite being more massive. The over-
lying Conococheague limestone is also massive in character; in addition,
it consists largely of limestone rether than of dolomite. Thus the base
of the formation is drawn at the base of the lowest shaly dolomite, while
the top of the formation is placed at the top of the highest shaly dolomite.

Character. The lithology of the Elbrook formation is peculiar and differs
quite radieally from that of any of the post-Cambrisn formations. It con-
sists in large part of an aphanitic light-gray dolomite which on weathering
becomes light grey or yellowish. The dolomite is platy in character, with
very regularly spaced laminse of shaly material. Interbedded with this

shaly platy dolomite are occasional beds of massive fine-grained light-gray
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dolomite; these layers are from one to three feet thick and are much more
resistent to weathering than the shaly portions of the formation. Thus
in weathered outerops the formation appears to consist of thick massive
beds of dolomite interbedded with soft yellowish shale.

Chert in the Elbrock formation forms irregulsr nodules or regular
stringers of light-gray color; on weathering the chert becomes light broun.
The chert masses are confined almost entirely to the massive dolomite beds,
They are considerably less abundant in this formation than in the formeations
above,

Near the Grove Hill-lewport fault the Elbrook formation has been
subjected to considerable deformation, end in some cases it beccmes diffi-
cult to distinguish between the originel lemination of the beds and the
secondary cleavage formed as & result of this deformation., These surfaces
that can be distinguisbed in thias deformed mone are greatly contorted,
giving the probably correct impression that a great deal of wmovement has
occurred along the fault, Within the deformed zone the massive dolomite
layers noted above have been sgueeszed out into a series of short lences
resenbling the "boudinage” structure found in metamorphic rocks in the
Piedmont.

Distribution snd thicknesg. Lxposures of the Elbrook formstion are limited
to & single belt in Page Valley. The belt of outcrop lies to the west of
the front of the Shenandoah salient, which it parellels rather closely.
In the southern part of Page Valley, as along Stesm Hollow, the strike of
the formation is to the north; elong Honey Run, on the other hand, the
formation strikes to the northesst. The belt of outarcp is mot contimuous.
It is in part coversd by the Page Valley gravels and, in addition, it is
broken by the Stanley fault.



Good exposures of the formation cccur locally along this belt,
The best outerops are along Crocked Run, a tributary to the South Fork of
the Shenandoah east of Grove Hill, Other good exposures are found along
the Norfolk and Westera Railroed just east of Grooked Run and along en
unnaned west-flowing tributary to the South Fork about two miles north
of Ingham. The sheared gone is exposed along the Norfolk and Western Rail-
roud sast of Crooked Run,

The thickness of the formation could mot be determined, since
no continuous section showing both top and bottom of the formation exists
in the quadrangle, South of the Stanley fault the top of the formation is
eut out by faulting; north of the Stanley fault the bottom of the formation

is cut out.

Age and correlation. Fossils are apparently absent from the Elbrook
formation in the Mount Jackson quadrangle — or at least, well hidden.
Apparently only one useful fossil has been found in the formation elsewhere
in the state: Butts (1940, p. 78) reports & single specimen of Glossopleurs
probably from near the base of the formation, Thus the formation 1s pro-
bably in pert Middle Cambrian,

In southwestern Virginis the shaly dolomites of the Elbrock
formution undergo sowe change: the upper purt of the formstion becones
more shaly, passing into the fossilifercus Nolichucky shale, the dolomites
below the lolichucky then being called the Honsker dolumite. The fossila
in the Nolichucky shale are of Late Cambrian age, so that the Elbrook
farther northesst is probably slso in part late Cambwian,

Still ferther south, mainly in Tennessee, the Honeker itself
changes facies, passing into the Maryville limestone, the Rogerville shale,
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and the Rutledge limestons. Northward the Klbrook formation contimues
into the Cuwmberland Valley in Pennaylvanisy in the MNittany arch area,

however, the beds equivalent to the Elbrock formation have been divided
into two formations, the Pleasant Hill formation below and the Werrior
formation above,

Srigin. The shaly character of the Elbrook formetion is fair evidence
that the formation was deposited under near-shore conditions or =t least,
that a source of detritel sadiments was present at not too great a distance.
The dolomitic character of the strate may indicate rather shallow waters;
the asscolation of dolomitc with evaporites in other areas certainly makes
this seem plausibls., The dolomite may represent a primary dolomitic sedi-
ment or 1t mey have been formed by penscontemporaneous replacement of lime-
stone. In either case the original sediment was quite fine-grained. The
rock is quite fine-grained at present and any dolomitisation would tend

to increasse rather then decresse the grainsize.

Conococheague limestons

Esme. The Conococheague limestone was named by G. W. Stose (1908, p. 701)
from Conocochesgue Creek in Franklin County, Pemnsylvania. Use of the term
has since been extended into Virginia by Stose and Butts.

alta. The lower boundary of the formation is rather well marked. The
formation is underlain by the Elirook formation and the lower boundary of
the formstion can be placed at the top of the highest shaly dolemite. The
upper boundary of the formation is somowhat more difficult to fix. Vhere
the Ghepultepec member of the Beekmantown formation can be recogniszed, the
Conococheague can be separated from the Deekmantown on the basis of fossils.



Elsevhere the separation must be lithologic. This can be on the basis
of the sandstones in the Conveocheague or on the besis of its commonly
clastic character. Dolomite iz found in both formations and has proven
unsatisfactory as a eriterion for ssperating the two. The present writer
has in practice generally drawn the top of the formation at the top of the
highest caloarenits.

Charaoter. Butts bas described the lithology of the formation in the
following terms (Butts, 1940, p. 87):
"The dominant characteristic....is thick-bedded blue limestone
vhich forms about 75 per cent of the formation. MNost of the
S 1 SO S0 S e 1
clayey materlal in many of the limestones,.”

In the Mount Jackson quadrangle the silicecus and clayey partings
are absent in a large number of the exposures of the formation, a fact that
makes recognition of the formetion somewhat difficult if Butts' description
is followed too closely.

A large part of the limestones included in the formation are
quite distinetly clastic in their appesrance; they occur in beds usually
two to three feet thick, though thinner-bedded limestones are not unknown.
The rock is a typlcsl lime sandstons or calesrenite. GStylolites are
commonly developed in these lime sandstones, especially east of the
Massanutten Range, although their recognition is made difficult by the
coarseness of the limestone fraguents.

Some of the limestone layers do contain the "characteristic"
silicecus or arglllaceous partings. These are usually gray in color and
are consplouously harder and finer-grained than the granular limestones.
The siliceous or clayey material is usually brownish except on fresh
surfaces; in some cases it is iron-stained and red im color. In places



this silicecus or clayey materisl mey form almost half of & given bed.
In many places the partings are quite regular and limestons becomes platy.
Irregular partings thet give the limestone a rough or knobby appearance
are at least equally coumon,

Dolasite is also present inm the formation, though it is rather
less common than limestone, It is generslly dark-gray and fine-grained
and weathers tc a smooth yellowish surface. Near Grove Hill in the eastern
part of the quadrangle the dolomite is platy and fine-grained with irregulay
silicecus partings like those desecribed in the linestones.

5till another common and characteristic feature of the formation
is the extensive dewelopment of intraformetional brececlas and conglomerates,
These rudites occur in or between beds of all types. The fragments are
generally composed of limestone or dolomite with & matrix of much finer
carbonate material or, in sowe cases, of gquarts sand,

Locally layers of light brownlsh-gray dolomitiec limestone ocour
which commonly leminated, weathering to a buff surface; it is fine- to
nedium-grained,

Chert ocours locally in irregular black nodules that are generally
bleached to a light color arcund the margins.

The sandstone layers in the Conococheague limestone are composed
of clean well-rounded medium-grained quarts sand cemented by esleite; the
rock ls thus a calcareous quartszite, When fresh the sandatone is light-gray
in color and in appearance is quite similar to the calcarenites. n
weatharing , however, the calcite cement is dissclved, and the sand remains
as a friable but not quite unconsolidated blocky sandstone. The sandstons
layers are not laterally persistant, but rather form lenses of wrious
lengths, Thus a given layer may be traceable for only a few feet or for



o somm 0

afk Z

a8, Constochesgue limestone: breocia with fregnonts of
lisestone and dolomite in a sandy matyix, Aleng
lolman Cpecik wost of uilckshurg, “hensndoah

Conunbiyrse

be Conoeocheague liuestone: dolomite bed cantaining

Sryptosoan wiructure (Light). dong Mulldeg Creak

wost of Temth loglomy Hockinghem Counby,



24

several miles, The sandstones do mot appear to be restricted to any zone
within the formation but are scattered throughout the entire thicknesa.

Heavy minerals in the Conococheague sandstones consist largely
of sircon and tourmaline. In addition, however, both staurclite and horn-
MmhmMﬂnlmﬁmlMMthmm
the tourmaline and sircon. It seems likely that these minerals are derived
from a loesl source,

Mstribution and thicknggs. Exposures of the Conococheague limestone are
not restricted to the area east of the Massanutten Range, but ooccur in the
Shenandoah Valley as well, Imn Page Valley the formation ocours in a single
belt of outerop extending from south of Alma %o a point east of Grove Hill.
This belt, however, is cut by both the Grove Hill-Hewport and the Stanley
faults, In Shenmandonh Valley the formmtion is exposed in three areas: in
the hanging wall-block of the Staunton feult, in the core of the Hount
Jackson anticline, and in the northwest corner of the quadrangle.

The best exposures of the formation occour along State Road 767
between Quicksburg and Forestville.

Topographically the Conococheague limestone iz quite distinet,
The sandstone layers within the formation form a seriea of hills in all
three of the outorop belts west of the Massanutten Range. The hills ave
usually elongate parallel to the strike of the formation and are separeated
by valleys underlain by the limestone portions of the formation. EHast of
the range this topogrephic expression of the formation is absent, probably
because of the wuch smaller development of sandstones in the formation
hera.

The thickness of the formation could not be determined in this
quadrangle. hoﬂmnﬂnﬁoﬂqhﬂﬁo@nﬂhmm..d
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the formation 1s available, According to Butts (1940, p. 69) the thickness
is about 2000 feet.

Age and correlation. Although some fossils do ocour in the Conococheague
limestone within the area mapped, none of them were more than fragmentary
and all proved to be impossible to separate from the rock. Cryptosoan
colonies are not uncommon, but are probably of little walus in dating the
unit, Butts reports the occurrence of specimens of Jellerins wardi (Waloott)
from the formation near Haturel Bridge and of Symphysurina from Frederick
County, Virginia, The formation appesrs to be of late Cambrian age.
Southward end westward the Conococheague limestone becomes more
dolemitic, passing eventually into the Copper Ridge dolomite in southwestern
Virginis and Temnessee, although the Conocogheague limestone continues
on into Tennessee in the southeastern part of the Ridge-and-Valley province.
Northward the Conococheague limestons extends into the Cumberlend Valley
in Pennsylvenia, In the Nittany arch area, however, the beds roughly
equivalent to the Conococheague limestone have been caulled the Catesburg
formation; this formation contains econsiderably more sandstone than the

Conococheague limestons.

Srigin. The Conococheague limestone wes deposited in sess sufficlently
turbulent to transport quarts and calelte grains of relatively large size
(about 1 sm.). The exceptional development of intraformational lreccias
and conglomerates in the formation is further evidence of turbulent
conditions and may indicate as well a rather shallow depth of the seas.
Wilson (1952) goes so far as to estimate a depth of not more than 100 feet.
The sand appears to have been derived from the west, from the reglon of the
Cincinnati arch. This western source is indicated by an incresse westward



in both the grainsize of the sand grains and the thickness of individual
sandstone layers. Wilson's work wss confined largely to southern Pennsyl-
vania where the sandstones are persistant units. In the Mount Jackson
quadrangle & western source urea for the sand is indicnted by the relatively
greater development of the sandstones in Shenandoah Valley than in Page
Valley.

The source materisl for the sand layers is thought to have been
en older sandstone (Wilson, 1952). Wilson points out that if the
Conococheague sandstones were & first cycle sediment, the finer-grained
fraction of the detritus must be accounted for. The well-rounded character
of the sircon and towmaline graing seems to accord better with the theory
of a second-gyole sandstons than with thet of a first-cycle one.

BEEKMANTONN FORMATION

Eamg. The Deekmantown formation was named by J. M. Clarke and Charles
Schuchert (1899, pp. 874-878) from Beekmantown towaship in Clinton County,
liew York. The unit is called the Beekmantown group by Butte (1940, p. 102),
in gocordance with the usage in Pennsylvania, where four formations have
been distinguished, In Virginia the lithologic differences betwsen these
formations is lost, however, and the unit is here mapped and described as
& formation rather than as a group.

The use of the name Beskmentown for this unit is open to some
question; but because the formation in the Mount Jackson quadrangle has
about the same chronologic renge as the Beckmantown in lew York, and be~-
cauge the lithology in the two areas appears to be rather similar, the
name will be retained.



Iinits. The lower boundary of the Deskmantown formation is mot very
distinot in many areas., \here the Chepultepec member of the Declkmmntown
is present, the boundary is drewn at the base of the lowest darke.gray
aphanitie limestone., Flsewhere, the formation boundary is generally marked
by the change from coarse clastic limestone to fine.gmained linmestone and
dolomite in the Beekmantown formation., Tt has been suggested that the top
of the highost sandstone layer be used as the top of the Conococheague forw
mation and, hence, the base of the Beekmantowm, btut typieal Conococheague
limestones are found abow this highest sandstone and the writer has thus
chosen to place the base of the Peckmantown at the top of the highest
important calearemits layer,

In most cases the upper boundary of the Deslomntown formation is
more clearly marked. The top of the formation is placed at the top of the
highest dolomite bed of appreciable thickness; vhere the lower New ‘mrket
formation is thick and the pest-Camadian disconformity is apraremtly absent,
some difficulty may be encountered,

Character., The Beekmantown formstion ean be divided into four membors on

the basis of lithology:

Upper member

Chert member

Lover menmber

Chepultepec menber
These four members do not appear to be strietly equivalent to the four
formations vhich oomprise the Beelmantown group in Pemmsylvania and a
geographic mame is given only to the lover ome. The upper and lower members
are lithologically quite similar and are described together.

1) Upper and Lower members - Both the upper and lover members of

the formation are composed largely of dolemite and limestone; the limestome-
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dolomite mation is higher in the upper member than in the lower ome, however,
and limestons becomes increasingly abundant toward the top of the formation,
Dolomite is the characteristie lithology of the formation, It
is generally ephanitic to fine-grained, and at many places showe & welle
developed lamimation. It weathers to a characteristically smooth, buff- or
yellow-colored surface that in most outerops shows a rather characteristic
pattern of short fractures, The fractures are short and straight, breaking
the surfuce up into a mosaic of angular polygonsy they are most prominently
developed on weathered surfaces and are apparently restricted to the dolo-
mite. The color of the dolomite on fresh surfaces is usuvally light- to
dark-grayy the laminated dolomite is in most cases browmish-gray. ‘uch
of the material might be deseribed as porphyritic, since it contains
rathor large dolomite crystals up to ten millimeters long in & matrix of
fine-grained or aphanitic dolomite., Gramular, "sugary" dolomite is also
present, though in lesser amounts and gemerally in omly thin layers; it
commonly grades laterslly imto the fine-grained, darker dolomite that is
the more mormal lithology. Polomite is gonerally more resistant to erosion
than limestone, so that moast exposures of the formation are composed of
ledges of dolomite separated by depressions underlain by the limeatone.
The limestone in the upper and lower members is commonly gray on
frosh surfaces and of rather fine grain; in many cases it closely resembles
tuummcrmmwn-no-sm. It 4is aphanitie to very
fine-grained in all localities. Tdmundson (1945, p. 152) gives an amalysie
of one of the limestones in the upper Beclmantown formation that compares
quite favorably with the high-caleium New 'arket limestons above. A smooth
light-gray surface is developed on the limestone during weathering, although
in soms eases the color is distinctly bluish-gray instead, No fracture
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pattern such as wvas noted on the dolomite is Jdeveloped on the limestones in
the formation, However, in many cases furrowe following the steepest slope
of an outororping limestone bed are seen. The furrows have a well-rounded
eross-profile but are separated from one another by sharp ridges; such
features have been called karren, lapies, or clints (Von ngeln, 1942),
They are commonly developed on limestomes other than those in the Peelmantoun
formation, but are largely absent from the dolomite ledges.

Intermediate between the limestones and dolomites is a third
type of rock that appears to be restricted to this formation, It consists
of arparently vermicular intergrowths of limestone and dolomite; the lime-
stone is aphanitie, the dolomite fine-grmained and lighter im color. Om
fresh surfaces the two eomponents are almost indistinguishable; on weatherw
ing, however, the more soluble limestons forms irregular pits and hollows
in the surface, while the dolomite forms rough twisted ridges betweon these
pits and hollows., In some cases this vermicular limestome-dolomite rock
forms rather thiek beds in the sequence; in other eases it forms a transition
sone between limestons and delomite layers, The vermiecular lithology is
almost entirely restricted to the upper member of the formatiom,

Intraformatiomal conglomerates and breceias, although less common
in this formation than in the Conococheague limestone below, are coarser in
grain size and not too unconmon, The fragments in most such rudites are on
the order of an inch in largest dimension; in some eaves, however, the
fragments may be from six inches to a foot in diameter. The fragments for
the most part are slab-like and are apparently slongate or flat parallel
to the bedding of the material from which they were derived, Most of
these slabs are dolomite, although some limestone slabs are found loeally.
At one place, near the intersection of State foads 798 and 620 in
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Rockingham County a breccia was found im the Beskmantown formation that was
composed of angular chert fragments, more or less equant and about an inch
in diametery the matrix vas dolomite in this ecase. In other breceins and
conglomerates in the formation oceasional chert fragments have also been
found. The matrix of these rudites is usually much less in volume than the
fraguents, and in many the reck greatly resembles a stone wall of well-
fitted slabs. The breceisas and conglometates do not appear to be restricted
to any part of the Deskmantown formation,

One of the most commonly moted features of the Beelmantown formation
1s the abundance of chert; like the vermlcular limestons-dolomite rock, how-
ever, chert is not too abundant vhen compared with the ampunt of limestons
and dolonite in the formation, The grester part of the chert s degregated
in the chert member of the formation, which is deseribed below, and from
the hills underlain by that member most of the chert im the fields of the
area is derived. In addition, however, some chert ocours in the uwprer and
lover membera and it will be deseribed hore.

Nodular chert is probebly the most common mede of oceurrence.
The nodules are gemerally lamticular and flattemed parallel to the bedding;
in one case observed the nodules are actually bun-shaped: flattened on the
bottom and rounded om top. Nodular chert ccours in layers parallel to the
stratifieationy laterally & row of nodules may coalesge to form a solid
though thin chert layer parallel to the bedling, The arrangement of these
chert layers is in many instances quite regular; they usually are found in
a more or less restricted thickmess of strata within which the layers are
separated by sbout a foot of dolomite, Nodular chert may be black or white
in eolor, although the chert layers formed by coalescence of the nodules
are generally of black chert,
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Chert layers vhich have someuhat different relations are also
present in the upper and lower members. ihen well developed these chert
layers are quite indistinguishable from those of the first type, but certain
aspscts of their occurrence make it evident that the two types are of
different origin, Uhere least abundant, the chert appesrs as small plates
about half an inch lomg and an eighth of an inch in eross-seotion; they
oocur both above and below the badding rlanes through & sons about three
inches wide. Traced laterally the ehert plates become more abundant and
are finally fused into a solid layer of chert within which, the belding
plane ean still be distinguished,

2) Chert mezber - The chert member of the Peskmantown formation
is in many ways the most striking and interesting part of the formation and
eare must be taken mot to oversmphasize ite importance. Much of the area
which is underlain by the uppor and lover members of the formation is
covered by a thin veneer of chert nodules which have weathered out of the
ghert membor and rolled down onto the upper and lower members, The ghert
member also forms & rather prominent ridge; there is a tendaney to think
of the entire width of this ridge as underlain by the chert member, whereas
only a small part scross the srest of the ridge is composed of the ghert
sember, In outerop the mesbor is composed largely of large porous masses
of light-colorsd chert which oceur in & matrix of laminated dolomite. In
relatively fresh exposures the chert in this member is seen in the form
of irvegnlar rather thick layers wvhioh parallel the bedding of the dolomite,
On weathering, however, the dolomite is dissolved and the ghert remains e
large, more or less spherieal masses of chert about the sise, shape, and in
many oases eolor of a head of eauliflower. lence the common name "eauli.
flower chert” applied more or less informally to this material, Structures
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vithin the chert masses are in some cases quite spectaculsr. In many cases
the chert has retainod the laminated appearance of the dolomite which it

has apparently replaced. In at least one ease the dolomite alabs in a
breceia have been replaced, then the matrix replaced by a second generation
of chert, PFossils are not uncommon in the "eauliflower chert” and these
chert masses constitute the best source of fossils within the entire formation,

3) Chepultepec member -~ The Chepultepec member at the base of
the Peekmantown formation is the unit manped by various previous wvorkers as
the Chepultepee limestone, Aceording to Johm Todgers, however, it is prow
bable that the Chepultepec formation as the term is used in Tonnsssee
reaches higher stratigraphie horisons than are ineluded in the unit as
mapped in morthern Virginia, At seversl places within the ‘ount Jackson
quadrangle the Chepultepec limestone appears to be absent or to be repre-
sented by & dolomitic fagles which would be included in the Feekmantown
formation as previously used. Becauss the dolomite faeles of the Chepulterec
menber cannot be distinguished from the lower member of the Beskmantown
wvhich overlies it, the Chepultepec member partakes im large part of the
character of a basal limestone facies of the formation. The tem
Chepultepee member is here used to include only the limestone faeies of
the unit,

The Chepultepec member is composed for the most part of aphanitie
or very fine-grained darkegray limestome of quite pure composition, In
some localities the limestons contains siliceous partings similar to those
found in the Comococheague limestome, Near the top of the member some thin
dolomite layers may also be found,
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Distribution and thickness. vest of the ‘mssamitten fange the Peckmantown
formation underlies three elomgate areas in the Shemandcah Velley, The
first of these lies mext to the range im the southern half of the ares,
that is, within the Pndless Oaverns-ifiyden Spring anticlinoe. The second
exposure, which lies to the northwest and is somewhat more extensive than
the first, lies within the Mount Jackson anticline., There are actually tw
belts of outorop here vhich are sepamated by the Conococheague limestone.
Fimally, another area of Beckmantown formation ocours in the northwestern
corner of the map.

Fast of the "assanutten “anre the Peelmantown formation underlies
e rather wide strip in Fage Valley parmallel to the eastern border of the
range. This belt is marrowest in the south, but beeomes wider morthward
as the amount of folding inereases.

Yo good section of the entire formation, or even of any axtensive
part of it ecould be found west of the 'mssamutten fange. =ast of the moun.
tains a good section is exposed along Cub Run and another good section of
the upper part of the formation cam be seen along the South Fork of the
Shemandoah pouth of Grove Mill, See GCeologic sectionms 10, 11, and 12,

Two of the members of the formation show characteristie topographie
_expression., The chert member, as mentioned above, forms a prominent, though
not persistent ridge in theomandoah Valley. The Chepultepec member, where
present, generally underlies a valley, as in the eastern limb of the End-
less Caverns-liyden Spring anticline., The rest of the formation gemerally
underlies a rolling topography of somewhat higher elevation than the sur.
rounding eountry, probably due to the lesser solubility of the dolomite.

The thickness of the entire formation is on the order of 3000
fest, Of this, probably 300 feet belong to the Chepultepec member at the



base of the formation and another 370 feet to the ehort member about 500
to 900 feet below the top of the formation. The lower member is thus about
1500 feet thick and the upper mesber 500 to 900 feet thick.

Age snd correlation. The Heekmantown formation is of Camadian or arly
Ordovician age: it contains fossils gemerally thought to be restricted to
this epoch (0.g., locancepim), it is overlain disconformably by Chasyan
strata (early Middle Ordovieisu), and it is underlain by the Conocochesgue
limestone wvhich is thought to be late Cambrian in age. The ages of the
various members of the formatiom are somovhat more difficult to deteraine,
The chort member, in which most of the fossils in the formatiom oceur,
contains foseils which are assigned by Putts to the Comtonea sone of the
Lower Ordovician; the fosails here are mot too abundant, however, and this
age for the chert mesber is based on the occurrence of Pugispire obess
(whitfield), Orospirar sp., and Coelocaulus delicatug (Putts). If the
chert member belonga to the Ceratoves some of the lower Ordovieisnm, which
_umwmhmm,mmwm«mm
formation must also belong to the Cemptopge sone, The age of the lower
nember is somewhat more d4ffieult to establish, The upper part my belong
to the Comatopes some. At least a part of the lower membor belongs to the
Lecanospira zome, and it is quite possible that the entire lover meuber
bolongs in this some; & few fragmental fossils of Logagogpirs have been
found in it. The Chepultepee member is apparently basal Ordovician, The
principal fossil found in this unit is & smll, slightly curved eepalopod
wvith closely packed septa which has generally been called Dskgogormg. At
other localities in Virginia these fossils are associated with (aggopadis,

Dmariievire, and Ophileta widch are typlesl fossils of the Dsarkispira



sone morthward in the Appalachians and in the Ozark regiom,
In "ermsylvenia the Peekmantown group is divided into four forma-
tions:
Bellafonte dolomite
Wttay dolgatte.
3tonshenge limestone
Southwvard the Axemann limestone changes fasies end becomes a dolomite, so
that in Virginia it i1s not possible to separate the two dolomites on a
1ithologie basis, Dutts (1940, p, 118) ealls the Locamospire some in
Virginia the Wittany dolomite, while the beds in the Ceratopes sone are
plaged in the Bellafonte dolomite, In Pemnsylvanis, however, only the
lower part of the Nittany dolomite conmtains [ecanospime, while Cemtopes
ocours in the wper Nittany dolomite, the Axemann limestons, and the
Pellefonte dolomite,
Just east of the towm of Niinburg, wvhich liss to the north of the
Mount Jagckson quadrangle, a sandstone cocurs in the upper member of the
Beekmantown formation, If this sandstone is equivalent to the sandstone in
the Dellefonte dolomite of Pennsylvania, then it appears probable that the
upper Heekmantown formation in the Moumt Jackson quadrangle is equivalent
to the Bellefonte dolomite,
The Chepultepec member of the Beekmantown formation aprears to

be equivalent to the Stonehenge limestone in Pennsylvania.

Srigin. The rocks of the Beekmantown formation appear to be of rather
shallow vater origin: mud-omacks are found locally and breceias and cone
glomerates are found scattered through the formation, The entire formation,
with the exception of local rudaceocus and aremaceous phases, was apparently
formed by the sonsolidation of lime muds deposited under guiet, shallow
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wvater marine conditions, though later changes have somowhat altered this
original aspect,

It 1s apparently under just such conditions that dolemitization
takes place. In the “eckmantown formation this process is thought to have
been penecontemporancous with the deposition of the lime mude, Some of the
dolomite may have been primary, however; the few aphanitie, brownish, very
hard dolomite layers in the upper member are probubly of such character,
¥oat of the dolomite, however, was formed by the replacement of the lime-
stone after the limestono was deposited, This is indigated in part by the
relations between the limestons and dolomite., In some ocases dolomite grades
upvard into limestones there is mo sharp boundary between the dolomite and
limestone, although the lower boundary of the dolomite and the upper boundary
of the limestons are quite sharp. In othor cases just the opposite relations
are found, the limestone grading wp into dolomite, lNewever, im no case is
dolomite greding up into limestone underlain by dolomite grading down into
1limestone as would be expected if dolomitiszation were secondary, Perhaps
the best evidence for replacement dolemite rather than primary dolomite is
the vermiculer intergrovth of dolomite and limestons which is apparently
formed by partial replacement of limestoms by dolomite,

The origin of the chert in the Deelmantown formation is somevhat
more obagure, In some casss it is definitely secondary (i.0., post-
depositiomal) since it occurs above and below a given bedding plane and
along joints that eut soroms the bedding., In other cases it is undoubtedly
penecontemporanscus, This is certainly the case with the ocoasiomal
breccias composed of chert fragments in a dolomite matrix., The chert in
the chert member of the formatiom also appears to be pemecontemporaneous.
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The *eauliflower® (porous) chamsctor of much of the chort in this member
would seem to indieate its origin by replacement rather than by primary
derosition. The silicified dolomite slabs in the brocciss associated with
the chert neaber are further evidence of » replacement origin., Femeconten-
poransous rather than secondary or postedepositiomal origin is indieated
by & number of items. The chort mesber has been traced from cenmtral Virginia
as far as central Pennsylvania, where 1t is above the Avemann limestone, and
this great areal extont of the member in itself ls good evidemecs that re-
placement was peneeontemporansous: it is difficult to comseive of secondary
silioification affecting such a restricted unit over such & large area, In
some cases alsc breccias have been found composed of chert fragments in e
dolomite matrix, a sitvation not casily explained by secondary silicification,
Deposition of the chert member took place under conditions somevhat differemt
from thome during the deposition of the rest of the formation, resulting
not only in extensive silicification btut also in dolomitisation and brecel-

ation,
DISCONPORMITY

A break in the stratigraphie sequence between the end of the
Canadian epoch and the begimning of the Champlainian epoch is btest developed
in the eastern part of the quadrangle, in Page Valley. The upper surface
of the Deekmantown formatiom here is quite irregular, and this hms resulted
umm_memmmmuMm.
Along large parts of the Page Valley outerop belts the New Market limestons
is absent; vhere present, the formation 1s quite varisble in thickness. In
places the formation decresses in thickness from several tens of foet to
sero within a distance of several hundred yards alomg the strike., uhere it
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is present, this formation usually contains & conglomerate or breceia at
its base, This rudite is composed of blocks of limestone and dolomite from
the underlying Deskmantown formation; these blocks rangs up to six feet
across,

Vestvard the disconformity decrcases in importance, It is still
recognizable as far west as the lew 'arket exposures of the formation, where
the basal New Market formation conmtains a bed of ealcarenite, 51l fare
ther west no evidence of the diseonformity was found and the upwand change
from the Peekmantoun formation into the New 'arket limestone is transi.
tiomal, Thus it would appear that the uplift thet was the cause of this
hiatus was greatest in the east,

MIDDLE AND UPPER ORDOVICIAN FORMATIONS
New Market limestone

lame. The New Market limestone was mamed by B, N. Cooper and G, A. Cooper
(1946, p. 71) from the town of New Market in TShemandoah County, Virginiaj
the type section is thus included within the area discussed in this
dissertation,

Iizita. The base of the New )arket limestone is marked by a disconformity
in Fage Valley and in the eastern part of Shemandoah Valley and is easily
located; 4t is placed at tho base of the basal conglomerate overlying the
disconformity or at the top of the highest dolemite layer. In most of

Shemandoah Valley the disconformity is not well marked and some difficulty
may be encountered in finding the base of the formation, since aphanitic
1imestones 1like those in the New Market limestons are found in the upper
feskmantoun formation. The base of the formation in such cases is placed



at the top of the highest thick delomite layer,

The top of the formation is more easily loecated. The wpper
boundary is placed at the abrupt change from the dove-gray aphanitic New
Market limestone to the dark-gmay olastic (fragmental) limestonss of the
overlying formation.

Character., Idthologically the New Market limestone is divisible into two
membersy, The upper member is of more or less congtant thickness, at least
to the west of the Massamutten Range, and of quite constant lithologyy the
lower membar, on the other hand, is quite wariable in lithology and in
thickness, Poth members were moted previously by Ddmundson (1945, p. 16)
end by Cooper and Cooper (1946, p. 72).

1) Upper member - The upper member of the formation is the typle
cal "Moghein" limestons of quarrymen throughout the Valley, where it is
quarried both as sgricultural limestons and as & flux. It is & masaive
dove-gray aphanitic limestons that weathers white and breaks with a smooth
conchoidal fracture, In most outerops the formation eontains mmercus
cavities which have been filled with orystalline ealeite, giving this unit
the local mane "birdt!s-eye limestone®, This lithology is constant and
chamacteristiec of the upper part of the formation everyvhere west of the
Massanutten “ange. In the Madden quarry west of lew Market, the type
locality of the formation, however, 2 bed of coarser nodular limestone
ocours near the top of the formation, separated loecally from the overlying
Lincolnshire limestone by & lens of the normal New Market-type lithology.
Chert is wholly absent from this member of the formation.

2) lower mesbor - The lowor member of the formation is of somo-
vhat different lithology. It is characteristically thime to platy-bedded
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and in most exposures was found to contain an appreciable amount of argill.
acecus material chiefly in the form of clayey partings between the thin
limegtone layers. Near the top these limestone layers are lithologically
quite similar to that of the upper member of the formationy dowmward,
however, the pure character of the limestons disappears and it becomes
argillacecus or dolomitic, changing in color with this change in composition
until 1t 4s & ldght brown, loeslly thin lamimae of pure delomite may oveur
in this lover member.

st of the mountains the lower member is, in many localities,
identical with that to the west. In other places, however, it may be
niseing or at least appreciably thinned and underlain by a conglomerate
or breceia, This rudite is composed entirely of fragments of limestone
and/or dolomite derived from the underlying Deekmantown formation; the
fragaeuts range in size from pebbles to boulders or blocks, with a maximum
sise of about six to eight feet., The matrix is composed of fine-grained
limestone or dolomite. The grain-size of the rudite is always greatest
at the bagse of the unit; upwards the phenoclasts decrease in diaseter until
the material fimally merges with the platy argillaceous material overlying
it.

West of the mountains the rudite is absent in most localities,
although loeally a ehert or dolomite pebble conglomsrate occurs at the base
of the New Market limestone; locally also the basel layer of the limestone
aay be & lime sandstone rather than & conglomerate., In the belts of oute
erop west of the 'ount Jackson antieline no clastie material was seen at
the base of the formation and the gontact between the Feekmantown and the
New Market arpears to be gredatiomal; in such cases the boundary between
the two formations vas drawn at the top of the highest bed of dolomite of
any arpreciable thickness,



Distribution and thickness. ™ot of the Massanutten Mange the lew Market
limestone occurs irregularly in a single belt of outerop paralleling the
eastern ridge of the range. This outerop belt passes northesstward from
the town of Shemandoah through Newport, lying west of Virginia Mighway 12;
northeast of Newport it crosses the North Fork of the Shemandosh ver and
makes & double swing around the crest and trough of & north-plunging
anticline and symeline, crossing the river again near Alma, "rom Alma the
belt extends northeastward again to a point about two miles north of Lemks-
ville, vhere it is out off by o fault, Because of this feult, however, the
belt is repeated again to the west, beginning just west of leakeville and
extending from there northeastward through a point south of Hamburg. From
this point the outerop belt is again single, passing west of Hasburg and
erossing the river again just west of the lLursy power dam. The limestone
does not oceur gontimuously along this belt; within a fow hundred feet it
may change its thickness from almost 100 feet to sero, An exvellent
example of this sudden change in thicimess can be seen in a field sbout
1-1/2 miles north of Hamburg:

Distance along strike (in feet)

0 0 160 20 320

Thickness (feet) 75 65 35 30 0

The same sort of thing may be seen in a field southwest of leaksville, and
such relationships are probably not uncommon along this belt, The thickness
of the formation as a whole varies from sero to 100 feet; that of the basal
member, from sero to 98 feot; and that of the upper member, from sero to 50
feot. The basal conglomerate locally reaches a thigkness of 70 feet in a
field 1,3 miles morth of Leaksville, In some places the formation is
represented vholly by the lower member, and at others almost entirely by
the basal conglomerate.



Vest of the Massamutten iange variation in thickness of the
forsation is noted, but it is never so extreme or so sudden as that cast
of the mountains, ¥xposures of the formation in the ‘hemandoah Valley ccour
in four belts. The southeastern belt, the Zenda-fockingham belt of Fdmundaon
(1945, p. 84), extonds from Indless Caverns southwestward betweon ‘mith
Creek and Fhillips Hill; it lies in the west flank of the Endless Caverns
anticline, the belt along the east flank being covered by sliderock within
the quadrangle. South of the Mount Jackson quadrengle, however, the belt
on the east flank of the anticline is exposed and the thickness here is about
80 foot (Pdmundson, 1945, pe 86). In the Zenda-Rockingham belt the thickness
ranges from 90 to 200 feet within the limits of the quadrangle; southward
the average thickness 4s sbout 120 feet. The mext belt of ocuterop to the
northwest is more or less parallel to U, S, Highway 11 southeast of Tudes
Hilly this 19 the Strasturg-lew Market belt of Pimundsom (1945, p« 43).
W¥ithin the Mounmt Jackson quadrangle the thickness is about 130 feet, although
locally it may be as low ss 90 feoty the thicimess imcreases to the south.
east beyond the boundary of the quadrangle. This belt lies om the south.
east limb of the Mount Jackson anticline and is fairly simple in structure,
The New 'arket limestone belt om the west limb of the anticline is conside
erably complicated by faulting and minor folding; this is the lants 'ila.
Porestville belt of Pdmundson (1945, ps 55). North of the guadrangle the
thickness averages about 110 faot; southwestward the thickness increases,
however, resching a thickness of around 150 feet in the area mapped, Fxoop-

tiomlly the thickness rises to 220 feet (Jection 20), 7 the northwestern-
most bolt, the Mint luke-lMount Clifton belt of Fdwmundson (1945, p. 57), tie

thickness is 120 to 180 feet in this area, and about the same northeast and
southwest of the quadrangle., An exceptionally thiek section of 207 feet was



meagured by the writer about 1.1 miles southwest of Forestville (Section
23); this same sectlion was meapured by Edmundson, who givea the thickness
as 125 feet (Edmundson, 1945, section 36). It 1s quite possible that the
witer included some beds belonging to the Beekmantown formation in the
lew Market limestone here, since the section was measured under somewhat
difficult conditions ‘s large black ingus bull insisted on keeping = close
vatch on the author while the section was being measured).

The thickness of the bassl member of the formation is quite
variable within a given belt of cutercp as well as between these belis.
It vould thus appear more probable that the "lowor member® of the New
Msrket limestone partakes more of the character of a facles of the lower
part of the formation rather than that of & member; the thickness of the
“lover menmber” would thus depend lsargely on local conditions (amount of
clayey and/or dolomitic material ,veilable).

Age and corpelation. The New Market limestone was included in the Shen-
andoah limestons of Darton (1892, p. 13) and probably alsc in the Natural
Bridge limestone of H. D. Campbell (1905, p. 446). It is essentially the
same as the "osheim® limestone mapped by Butts (1940, p. 135) and by
Sdmundson (1945), slthough the basal member may be in part equivalent to
Butts' Murfreesboro limestons (Butts, 1940, p. 120).

Neumen (1951) states that where the New Market limestone rests
directly on the Beekmentown formation the two are separated by a discon-
formity. In laryland the Row Park lizestone ocours between these two
formations end the unconformity is apparently absent. This would seem to
indicate that the lower member of the New Market limestone northwest of
Forestville may be equivalent to the Row Park limeatons, since there ie
no indicstion in that aree of any btweak between the New Market and
Beelmantown.



The age of the formation is uncertain., It is definitely post-
Canadian, since it rests disconformably on the Beekmantown formstion in
meny places. According to Cooper and Cooper (1946, p. 74), "part,
possibly ell, of the New Market is Chasy”, leuman indigates (1951) that
the New Market may be Slack River in age. The latter author correlates
the New Market limestone with the Pamelia limestone in New York. In
Ontarioc the Pamells limestone overliees upper Chazy beds with which it
may be in pert contemporansous (Neuman, 1951, p. 306).

The Row Park limestone is called Chesy by Neuman., If the lower
Hew Market limestone northwest of Forestville is equivalent to the Row
Park limestone, then the New Market limestone as used in this dissertation
is in part at least Chazysn in ege.

Origin. mmnamdﬁdmmmummm
appears to resemble quite closely that of the lime muds being formed at
the present time in the extremely shallow waters over the Schames Danks
(M. Black, 1933,; 5. M. Thorp, 1939); it is to some such enviromment of
deposition that the limestones of this formation can be aseribed. Con-
ceivably similar deposits could be formed just as readily at great depths
as a fine~-grained facies of a coarser, near-shore clastic linestonej
however, the presence in the limeatone of corals and, in some zones, of
mud eracks would seem to indlcate a more or less shallow-water origin for
the material, Dast of the Massanutten Range the basins of deposition of
the lime muds were apparently isclated by ridges of dolomite, the basins
mentioned being primarily depressions formed in the upper BDeekmantown
formation by post-Deekmantown erosion. Westward these basins were joined
together to become a shallow sea, Eastward there appears to be no detrital
fucies of the lixestones and the erosion at or near the end of Beckmantown



time may have been trought about by & rether geantle upwerping of s part
of the floor of the Beekmantown sea rather than by any large~scale
crogeny or epeirogeny in the hypothetical landmass of Appalachia in the
east,

Lincolnshire limestone

Bamg. The lLincolnshire limestone was named by 3, N, Cooper and C. E.
Prouty (1943, p. 863) from & stream in Tazewell County, Virginia., Use
of the term was extended intoc the present area by Cooper and Cooper three
yours later (Cooper and Cooper, 1946, p. 75).

Idnits. The lower boundary of the Lincolnshire limestone is drewn at
the atrupt change from the dove-gray caleilutites of the underlying for-
mation to the dark-gray clastic limestones of the Lincolnshire formasion,
Where the New Market limestone is missing in Page Valley, the boundary is
drawn at the top of the highest dolomite or caleilutite layer in the se-
quence .

The upper boundary of the formation is not so easily located.
It is ususlly drawn at the top of the highest cherty limestons in the
sequence. fHowever, in some instances, especially in the northwest corner
of the quadrengle, the uppermost cherty linestone is distinctly nodular
and argillacecus, resembling in these respects the overlying basal member
of the Pdinburg formsetion, In such cases the cherty argillacecus lime-
stone beds were generally placed in the Edinburg formation.

Chayecoter. The Lincolnshire limestone is composed characteristically eof
dark-gray, fine- to medium-grained, clastic (i.e., fragmental) limestones
which contain lenticular masses of black chert in most exposures. In



=

8 Do Yarket limestong: mudwcrachkeod limestong in the
lover mamber of the formation. ladden usrsy wunt

!

of Tow Varkol, Chenamdoah Couwntby.

b Lincolnashire limsstonet typical lithology, showing

black ehert nodules, adden quarry wost of lew liape

ety Slwnandosh County.



many cases the limestone appeers to be porphyritic; that is, coarser
greins of caloite are scattered through e finer-grained groundmass,

Intercalated within this "normal facies" of the Lincolnshire
linestone are beds or lenses of lighter-gray, coarser-grained, scmewhat
reefy limestone, called the Murst facies of the Lincolnshire limestone by
Cooper and Cooper (1946, p. 76). Southwestward this Murat facies inereases
greatly in importance, forming what was called the Holston limestone by
Butte in the vieinity of Lexington (Dutts, 1940, p. 151). That this
coarse calcarenite is & facles of the Lincolnshire limestone rather than
e distinct formation is indicated by the ocourrence in many localities
vithin and outeside of the Nount Jackson quadrangle of the "normal facles"
of the formation above and below the beds of the Murat facles.

The distinction betwsen the Lincolnshire limestone and the
adjacent formations presents Some difficulties in socme exposures of the
formation. It is easily distinguished from the Wew Market and the Beek=
mantown formations on which it rests, since both of these are generslly
aphanitic and not too cherty. The problem of separating it from the over-
lying lower clastic member of the Edinburg formation is somewhat greater.
The limestones in this basal Edinburg are clastic, like those of the
Lincolnshire; in general , however, the Edinburg strate are not cherty and
are more nodular in character. In exposures where the Lincolnshire lime-
stone and the basal beds of the Edinburg formation are well exposed, the
wmmummumwm;lmhmntohmm,
making it diffioult to draw any precise boundary between the two formations.
In practice the boundary is drawn at the horizon where shaly material be-
gins to form an appreciable part of the lithology; in some cases such a
boundsry will place cherty beds within the besal Edinburg.
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Ziatribution snd thicipegg. In Fage Valley the Lincolnshire limestone
oceurs in e single belt of ocutercp peralleling quite closely the eastern
ridge of the Massanutten Range; this parsllels the outerop belt of the
New Market limestone which lies to the east. The thickness of the forma-
along this belt 1a 30 to 80 feet, and bLoth the normal and the Murat facles
of the formation are developed, although the normal facies is much more
importent. The best exposure of the Murat facles in Page Valley and,
indeed, in the entire quadrangle is in a small ravine west of Virginia
Highway 12 and about 0,7 miles scuthwest of Grove Hill (3eotion 10). In
thls exposure the Lincolnshire linmestone is about 80 feet thick; mine feet
above 1ts base are sowe 15 feet of medium-grained, gray, clastic limestons,
the Murat facles, which is followed Ly the cherty beds of the normal facles
of the formation, The beds belonging to the Lincolnshire limestone and
underlying the Murat facles are still more peculiar, howaver: these are
black, fine-grained, modular argillacecus limestones essentially like the
limestons faucies of the upper member of the overlying Edinburg formation.
West of the Massanutten Range the thickness of the formation
ranges from about 40 feet in the northwest corner of the quadrangle to
100 ar 120 feet vast of U, 5, Mighway 11, The distribution of the formation
wost of the mounteins 1z essentially the seme as that of the underlying
New Market limestone, which is exposed in four belts as described above.
The 1ithologic character of the formation shows little or no chenge between
these belts of outorop; in contrest to the formation east of the mountains,
there 1s almost no develcpment of the Murat facles here. The variation
in thickneas of the formation between these belta of outerop is not eo
gradusl &s in the underlying unit: in the Zenda-Rockingham belt the thick-
ness 1z about 100; in the Strasburg-New Market belt, 100-125 feet; in the
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lants Millg-Forestville belt, 45 feet; and in the Saint Luke-Mount Clifton
belt, 55 feet.

Topographically the lLincolnshire limestone forms & rather even-
crested rounded ridge of moderate height between the valley underlain by
the Hew Market limestone and the generally broader lowland underlain by
the Edinburg end Martinsburg formations, The reslstance of the formation
is presumably due to its cherty character. In some aress the Lincolnshire
ridge may be even more prominent than that underlain by the chert member
of the Beelmantown formation, and in almost every case it is more persis-
tant than the Beckmantown ridge.

Age and correlation. The Lincolnshire limestons was included by Darton
in his Shonandoah limestone (Darton, 1892, p. 13) and was included pro-
bably in part also in the Natural HBridge limestone of H. D. Campbell
(1905, p. 446). The Murat facles of the Lincolnshire was certainly in-~
cluded in the Murat limestone of the latter author (p. 446), which may
also bave included beds of the normal facles as well. The Lincolnshire
limestone is essentially the seme as the "lenoir" limestone of Butts
(1940, pe 139). It is the s:me as the "Lenoir" limestone mapped by
Edmundson (1945, pe 16). Some beds included in the Lincolnshire limestone
by Cooper and Cooper are placed in the Chambersburg by Butts (Cooper snd
Cooper, 1946, Section 20 gf. Butbs, 1940, Seotion 48). In addition, the
Lincolnshire limestone includes the Holston limestone of Butta.

The most prominent faunel elements in the formation are Dinorthis

stavoldes Willard and Soverbyites trissptatus (Villard). In thedr original

work Cooper and Cooper suggest that the Lincolnshire is post-Chagyan;
bowever, asccording te C. O. Dunbar (personal cosmunicstion, 1951), Q. ataveides
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ie of Chazyan age. leuman (1951, p. 302) calls the formation post Chaszy,
but refreins from putting it in the Slack River stage.

Grigin. with the close of New Market time, deposition of lime muds in
this area appears to have cume %0 an end; the resultant clearing of the
wﬂdﬁﬂw*h@tﬂﬁitapﬂtumuinthmt
of animal 1ife possible on the ses bottom, animal life which had probably
been impossible before Lecause of the turbid condition of the water. Such
a clearing of the seas mey well bave been due to a climatic change such
as & lowering of the temperature which would reduce the relative saturation
of the sea vater in calcium arbonate and hence reduce the rate at which
precipitation of lise muds would ccowr. The remains of the shells and
tests of this now abundant animal life are the principal component of the
limestones deposited a«t this time. In the shallower waters to the east
reefs or bicherms were formed locally and are represented in the streti~
graphic column by the Murat facies; limestons detris twoken from these
bloherms is 2 second source of material for the present clastic limestones.
The underlying New Market limestone must have become lithified soon after
its deposition, since a third source of material for the Lincolnshire
limpstones was apparently the aphanitic limestone underlying it, pebbles
of such limestone being scattered throughout the formation.

Ldinburg formation

lgpg. The Edinburg foruation was nemed from the town of Edinburg in
Shenandosh County, Virginia, by B. H. Cooper and G. A. Cooper (1946, p. 76);
it has been identified within the limits of the Mount Jackson quadrangles
by the above authors in their origimal work.
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Linltge The lower boundsry of the Hdinburg formation s placed in general
at the base of the lowest argillecsous calecarenite in the sequencej this
corresponds to the top of the highest cherty limestons except in the north-
west corner of the quadrangle.

Where the Oranda formation is present, the upper part of the
formation is an even-bedded limestone and the upper boundary of the forma-
tion is drawn at the ase of the cobbly limestone layer which forms the
lover member of the (rands formation, Where the Oranda formation is absent,
in Page Valley, the upper Edinburg formation is a black shale and is over-
lain by the Martinshurg formation., Here the boundary is much less certain,
In general the shales in the Martinsburg formetion are brownish ratber than
black and the upper boundary of the Edinburg formation may bes drawn at the
top of the black shale sequence. In at least some cases the black shales
are followed by a series of sandstone beds at the base of the Martinsturg.

Basal clastic member. In most localities the Edinburg formation can be
divided into two members: & lower cosrse-grained unit called the "basal
clastic member" and an upper finer-grained, somewhet argillacecus unit
called the “upper member®. In some cases the basal member may Le more
argillacecus than the upper member.

The basal member is essentislly a coarse clastic limestones,
light= to dark-gray in color, and in every exposure decidedly nodular
in charsoter. The calcarenite ("lime sandstone®) nodules are generally
soparated from one another by banda of shaly or silty material which
are gray in fresh exposwres but weather brown or reddish, Lithologicslly
the clastic limestone of this unit is quite similar to the underlying
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Lineolnshire limestons; it is distinguished from the Lincolnshire by being
(1) coarser-grained, (2) lighter in color, (3) non~cherty, and (4) more
argillscecus, The Lincolnshire is generally rather massive in character;
where it is thin-bedded, 1t is generally not nodular. The basal clastde
member is also somewhat more resistant to erosion than the Lincolnshire
limestone, sc that it gemerally occurs at the crest of the ridge underlain
largely by the Lincolnshire, On weathering this basal member of the
‘dinburg formation generally breaks down first into a thin surficial layer
of rubble composed of the calesrenite nodules wiich generally have a rusty
color.

East of the Massanutten Range the top of this basel member is
marked in many places by a pebble conglomerate, the pebbles composed of
fine-grained limestons, Vest of the mountains a cobble conglomerate ocours
about two miles west of the setilement of Athlone; the exact position of
the conglomerate is uncertain, but the presence of a reddish shaly metrix
mekes it probeble that the conglomerate belongs to the basal Fdinburg rather
than %o the Lincolnshire.

The distinction between the Lincolnshire lisestone and the basal
clastic member of the Edinburg formstion was discussed under the former
formation and noed not be repeated here, The upper boundsry of the member,
that is, the contact between the two members of the Edinburg formation,
is actually easier to fix thanm the lower 1limit, The transition from the
coarse culcarenite of the basal member to the fine-grained limestones of
the upper member is generally abrupt and sasily marked. In addition, in
many exposures the calearenites are ssparated from the argillaceous lims-
stones above by a thin siltstone, This same siltatone has been recorded
by both Edmundson and Cooper and Cooper within and beyond the quadrangle
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boundaries; in most such cases it weas found %o rest on a cobuly ar noduler
clastic linestone, the top bed of the "basal clastic member®,

The above paragraph refers to areas in which the "besal clastic
member® is overlain by limestones, as in most exposures west of the mountains,
East of the Massanutten Range, however, and in the southern portion of the
part of the Shenandosh Valley included in the quadrangle, the basal member
is overlain by shales instead of limestones.

Upper member. The "upper member" of the Edinburg formstion makes uwp the
greater part of the formation in all areas studied. Most of the changes
in facies which are characteristic of the formation ccouwr within this
upper meaber, whereas the lithology of the basal member eppesrs to be
notably unaffected by changes in the lithology of the overlying strata.

Cooper and Cooper have recognised two facies within this upper
member (1946, p. 78):

"One facles is composed mainly of bLlack limestone and black
m,rcrm&thm

Within the area of the Mount Jackeon quadrangle, according to Coopsr and
Cooper, the formation is represented almost entirely by the Liberty Hall
facles.

In practice it was found to be quite difficult to distinguish
between the two facies. (n the weot side of the Nassanutten Range the
probles resclved itself into one of distinguishing between cobbly and non-
oobbly black sphanitiec limestones, since shale does not ocour to any great
extent anywhere except near the southern edge of the map, The liseastones
do not consist of two distinct types (cobbly and mon-cobbly), but rather
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appear to conslst mostly of a wavy-bedded type that ia intermediate between
the two types mentioned above., For this reason the terms lants Mills and
Liberty Hall facies will not be used in this paper.

This should not be interpreted to mean, however, that no change
in facles exists within the upper Hdinburg formation. OSuch changes are
quite marked, although they are not strickly comparable te those outlined
above. There are two distinet lithologic types included within this upper
monber of the formation: a black wavy-bedded limestone and a black shale,
The limestone facles forme the bulk of the upper member within the Mount
Jackson quadrangle; north of lew Market and west of the North Fork of the
Shenandoah River it could be sald to compose almost the entire upper
momber, |

The limestone facies is composed of black, mostly fine-grained,
wavy-bedded argillacecus limestones that weather to a white or buff color;
locally thin beds of argillaceous material are intercalated with the lime-
stones, but this materisl is not shaly. The bedding ranges from even %o
cobbly, with the intermediste wavy type of bedding douminant. The grainsize
of the limestornes is also subject to some variation: local lenses of
caloarenite may ocour at almost any horison; they are often quite fossil-
iferous, although the fossils are genmerally fragmental.

The shale is sald to be black in fresh exposures of this facles;
such exposures are the oxception rether than the rule, however, and the
shale is generally found to have a decidedly pinkish color, especially west
of the Massanutten Range. fexturally it is not a pure shale, but rather
appears to be intermediate between a shale and a siltstons. Within the
mnnmwm«tmnmmwmmn@l
occurs near the base of the formation; its thickness is not great in com-
parison to that of the limestone facies above it.

A



54

The facies rather than formationel character of this shale body
is well shown by the great lateral extension of soveral thin tongues of
the shale which reach fur into the limestone facles; such tongues are
usually only & few feet thick at the most and in ell cases they ocour just
above the beds lLere assigned to the "basal member". Ouch thin beds have
been observed at almost every exposure of the lower part of the upper member
within the ares mapped. That such tongues extend even beyond the boundsries
of this quadrangls is shown by a trownlsh~buff shaly siltstons in the
lower part of the Edinburg formation at Tumbling Run south of Strasburg,
in Shenandosh County (Cooper and Cooper, 1946, section 20); the "argil-
lacsous fine~grained sandstone” desoribed from Frederick Couaty by Idmundson
may also represent this same siltatone tongue (Edmundson, 1939, pe 99).

Best of the Massanutten fange the character of the upper argile
lacecus member is somewhst different. The ghale facles is not restricted
to the basse of the member here as it is west of the rangs, but rather
canprises the greater part of the member. The shale here is definitely
bleck in colary on westhering it becomes yellowlsh rather than pinkish,
Intercalated within this shale sequence are layers of black argillacecus
limestone from one inch to seversl feet thick which increass in importance
to the northeast. In most cases this limestone 1s the Liberty Hall-type
limestone, 1.6., 1% is evenly-bedded, but wevy-bedded or even cobbly lime-
stones are not uncosmon., Southwest of Newport the limestone facles fades
into insignificance in Page Valley.

In all secticns in Page Valley the upper limit of the Edinburg
formation is almost impossible to merk. The Oranda formation is absent
here and the black shales of the Edinburg formstion merge upwards into
the black and gray shales of the Martingburg formation. In some and perhaps
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all areas the presence of some sandy beds ot the base of the Martinsburg
mokes it possible to draw some sort of boundary between the two. It has
boen suggested that such sandy beds are the equivalent of the Oranda for-
mation west of the range (Cooper and Cooper, 1946, pp. 88-89).

Mstrdbvution apd thickness. The Bdinburg formetion is present both east
and wvest of the Massanutten Range, but, as indicated above, the lithology

of the formation 1s quite different om opposite sides of the mountains,

In Page Valley the formation is limited to & single belt of out-
crop which lies to the west of that of the lincolnshire limestone, The
"basal clagtic member" is present in many but not in all exposures of the
formation; the thickest development of this member in this ares ccours about
one mile north of Hamburg, where the member is 50 feet thick. Along Kill
Creek the thickness is 28 feet and southwest of Grove Hill the thickness
is 20 fect, The upper member of the formution is composed largely of
black shale southwest of Newport; northeast of Newport limestone becomes
more importent, however, and good exposures of the interbsdded limestones
and black shales onn be seen along Virginia Highwey 12 and in the small
quarry north of the highway west of Alwe, and along U. S. Highway 211 just
oagt of the South Fork of the Shenandcah, The total thickness of the
formation in Page Valley is uncertain due to the lack of e definite contact
between it and the Martinsburg formation; along Cub Run the estimated
thickness of the Edinburg is about 1500 feet.

West of the Masssnutten Renge the formation is largely composed
of the limestone facies, and its distribution closely parallels that of the
New Market and Lincolnshire limestones. The basal member is well-exposed
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in most sections and ranges from 32 to 120 feet, with a definite increase
in thickness to the northwest.®

No measurement of the thickness of the upper member was found
possible in the area mapped; in every section where both top and bottom of
the formation are exposed the formution is complicated by mimor folding,
(One seotion was mesasured by Coopor and Cooper within the quadrangle near
Cedar Church, just east of U, S, Highway 11 south of Mount Jackson (Cooper
and Cooper, 1946, section 22). The lower 475 feet of this section is
covered , however, and exposures down the strike of the formation show that
there is considerable minor folding within this covered interval and above
it as wll. In addition, the Lincolnshire limestone which supposedly
marked the base of the section could not be found even after intensive
search and is not reported by Hduundson in a section measured by him at
this same locality (Edmundson, 1945, section 41). The thickness of the
formation here 1s probably closer to 400-500 fest and thus similsr to that
north of the quadrangle.

The shale facies west of the Massanutten Range ccours only in the
EndlessCaverns anticline and in the southern part of the New Market belt
of outerop; at its greatest development neny Endless Caverns this facles
has a thickness of about 150 feet,

It wae sod both by the writer and by John Rodgers that this in-
crease in of basal Edinburg formation is complimentary to a
decrease in thickness of the Lincolnshire limestone, There would
to be a strong possibility that the Lincolnshire limestone and the
Edinburg formation are facles of one another, which was one of the reascna
for ineluding the basal Edinburg with the New Market and Lincolnshire
livestones on the geclogic map., In the northwestern part of the quad-
rangle , furthermore, the separation of the Lincolnshire from the basal
Edinburg formation is quite difficult. It is quite possible that such a
facies change could account for the disappearance of the Lincolnshire
limestons northward inte Maryland and Penusylvania (Heuman, 1951).
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Sorrelation and age. The Edinburg formation includes the beds called the
Iiberty Hall limestone by H. D. Campbell (1905, p. 447) and probebly also
a part of the beds which the same author placed in the Murat limestons.
In Darton's classification the Edinburg would probably fit im part into
the Shenandosh limestone and in part into the Martinsburg shale; that is,
the limestone facles would probably have been called part of the Shemandoah
limestone and the shale facies part of the Martinsburg shale, The Edinbwrg
formation includes both the emended Chambersburg limestone and the Athens
shale «e mapped by Butte (1940, pp. 159, 195), Butts and Edmundsen (1939,
ps 169), and Edsundson (1945, pe 17), the Athens shale being essentially
the Liberty Hall facies and the Chambersburg limsstone the Lantu Mills
facies.

The basal menber of the formation is probably equivalent to the
Whitesburg limestone of Butts and Edmundson (Butts, 1940, p. 1543
Edsundson, 1945, p. 17) and to the Botetourt member of the Edinburg forma-~
tion as named by Cooper and Cesper (1946, p. 80). There is a persistant
tendency on the part of these authors to recognize the Whitesburg or
Botetourt unit only in areas whers 1t is overlain by the shaly facies of
the Hdinburg formation (Liberty Hall facles, "Athens" shale) (Edmundson,
1945, pe 90)« Beds of lithologleally similar character are present, however,
at the base of the limestone fagies of the Edinburg formation as well as
at the base of the shaly facies and have been reported in a number of
measured sections by Dutte, Edmundson, and Cooper and Cooper (e.g., Butis,
1940, seotion 48, bed 6; Rdmundson, 1945, section 40, beds 2 and 3;
Cooper and Cooper, 1946, section 20, beds 4 and 5). Decause these beds
are not called the Botetourt member by Cooper and Cooper, who named that
unit, the neme "lower clastic member” is used here.



Promlnent fossils in the Edinburg formation include jidulites
pyriformis Dassler and Echinospl s (Gyllenhal) in the lime-
stone facles and various species of Climacogrsptus and Diplograptus in the
black shale facies. The lower clastic member is rich in trilobite fragments,
probably the most abundant of which is Arthrorhachis elspethl Raymond;
calyces of Echinosphaerites are also commonly abundant.

The age of the Edinburg formation is Black River for the most
part (Cooper and Cooper, 1946, p. 86), although the uppermost psrt of the
formation may be Trenton in age.

Spigipn. The sedimentary rocks ¢f the Edinburg formation represent the
initial deposits formed during the Taconian revolution which reached its
maximm late in the Ordovician Period, This initial wplift was centered
in a region to the southeast of the Mount Jackson quadrangle, since the
shale facies which represents the uplift increases in importance in this
direction, The shale facies is replaced to the northeast and northwest
by limestones; southwestward the limestone facies is not encountered agein
until one reaches southwestern Virginia, Ividence of this wplift is not
limited to the shale facies, however; argillaceous, presumably terrigencus
material is found in the limestone facies as well and is characteristically
present in the lower clastic member of the formation., The limestone facles
of the formation represente deposite forwed at the same time as the hlack
shales, but at a greater dietance from the source of this detrital material.
The axis of the trough of deposition in Edinburg time probably lay to the
west of the present area. The presence of a conglouerate at the top of the
lover clastic member is interpreted as due to local erosion at a depth just
above the bause level of deposition; the lime sands west of the Massanutten
Range for the most part lay below this base level and were not disturbed



3

by later wave action., Uplift to the southeast wes apparently sporadic,
the ailtstone layer at the top of the lower clastic member indicating one
minor pulse thet was followed by quiescence and attendant deposition of
limy sediments,

(randa formation

lapg. The Crands formation was named by B, N, Cooper and G. A. Cooper
from the hamlet of (randa in Shenandoah County, Virginia (Cooper and Cooper,
1946, pe 86). Use of the mame was extended into the lount Jackeon quad-
rangle by the above-mentioned authors in the origimal paper.

Limits. The Orands formation is distinguished from the underlying Edin-
burg formation by the cobbly character of its limestones and the base of
the formation ia thus drawn at the base of the cobbly limestone layer.
The Oranda is distinguished from the overlying Martinsburg formstion by
the argillacecus character of its limestones and the calcarecus nature of
its shales; that is, the shales in the Martinsburg ere ususlly black and
non-gcalcareous where these overly the Oranda formation, while the local
limestones in the Martinsburg formation are not shaly. The top of the
OUranda formation is thus drawn at the top of the shaly limestone in the
upper Orands formation.

Cheragter. In all of ite outerops within the quadrsngle the Oranda for-
mation is composed of two members. The lower member is a nodular, gray,
finely crystalline impure limestone interbedded with which are lesser
amounts of gray calcareous siltstone or shale. (n weathering this lower
nember takes on a yellowlsh color and in general breaks down to & rubble
of lisestone cobbles, the shale layers being much wesker than the limestone
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nodules. This lower member in general is unfossiliferous or poorly
fossiliferous, The limestons nodules are composed of fine limestone sand
and often the greins include fragments of fossils, especially crincid stey
plates, but wll-preserved identifisble forms are lacking.

The upper member of the (randa formation, though generally
thinner than the lower one, is the more conspicuous of the two in outerop,
gince it 1s more resistant to weathering, It is essentially & very shaly
gray limestone, the caleium carbonate content again being in the form of
caloite sand, Although resistant to weathering, this upper member appears
to be less resistant to tectonic forces than the lower member end in almcst
all exposures it has & well-developed cleavage superimposed on it, making
deternination of the attitude of the actual bedding surfaces difficult,
On weathering the upper member takes on a rusty color and breaks down into
slabs and chips that make it rather easy to trace the formation across the
area. Fosslls are quite common or even abundant in this upper unit.

Topographicslly the formation is generally expressed by a low
ridge held up mainly by the upper member; the ridge generally stands only
& fow foet above the surrounding area, but its persistance makes it easlly
recognizable.

Dlatribution and thickness. The (randa formation is limited entirely to
the area west of the Massanutten Range within the Mount Jackson quadrsngle.

Exposures of the formation have been found east of the Massanutten syncli-
norium in Clarke County, northeast of the area here described.

Exposures of the Oranda formstion have been noted locally along
the western limb of the Endless Caverns anticline, but in most places the
formation has been cut out by faulting.



I~
61

The best exposures of the formation are along the esastern limb
of the Mount Jackson antlicline. At Cedar Grove Church southwest of Mount
Jeckson the formation is exposed in o cut along State Road 616, The forma-
tion has & thickness of 55 feet here:

Geologic section 1, Along State Road 616 east of Cedar Grove Church

Martinsburg shale (Thin fissile brown shals)
Oranda formation (55 feet)

2. Limestone, shaly, finely crystalline, derk grey
to black, fossiliferous.: « « » « o o ¢ s s s » o 18 feet

1. lisestons, nodular, compact, finely erystalline,
dark gray to black, with thin wavy interealations
“m mm!’..!"l. . e 37 feet
w.nhnlemﬁn (Mmm:nultou)

About one-halfl mile southwest of Cedar Grove Churd: is another section of
the formation, this one considerably thicker:

Geologic section 2. Along farm road east of U. 5. Highwey 11
and about one-half mile southwest of Ceder
Grove Church

Martingburg shale (thin-bedded btrown fissile shale)

Mummrazmt)
4e limestone, black, fine-grained, thin-bedded,

weathers light gray; m-rw vith thin
doark shales <« o « ¢ o o % ¢ 5 ¢ s 0 0 8 8 0 a s 12 feet

a:-;m formation (74 foot)

40 fest

e
22 foet

L.

Shal® . & ¢ o v ¢ ¢ 6 8 5 4 8 0 6 2 s u e e 12 feet
EZdinburg formation (Thin- and wavy~bedded black limestone)

Other good exposures in this same belt occur just esst of U. 5. Highwy 11
along the entrance road to Endless Caverns and along State load 608 which
leads from U. 5. Highway 11 to Athlone, The thickness averages about
50 feet.

West of the Mount Jeckson anticline the (randa formation has
been involved in a series of rather tight folds and the cleavage developed
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in the formation es a consequence of this deformation makes any determimation
of its thickness difficult.

Correlstion and age. The Orande formation is essentially the same as the
Christianis bed at the top of the Chembersburg of Dutts and Edmundson
(Butts, 1940, ps 197); ia addition, however, it may include some beds of
slightly greater age below the Chrigtisnis bed.

The abundant fossils found in the formation have made correlation
with the Shoreham limestone of New York possible; this latter formation
and, consequently, the Oranda formation as well are lower Trenton in age.

Qrigin, The Orands formation represents a rather abrupt transition from
the limestones of the Edinburg formation to the shales, siltatones, and
sandstones of the Martinsburg formation. The initlal stages of the
Taconien revolution which had taken place during the deposition of the
Edinburg formation were relatively mild; with the close of Sdinburg time,
however , diastrophism seems to have become more viclent and more widespread,
with the resultant large-scels aresl transition from limestone to detrital

deposition.
Hartinsburg formation

Hage. The name "Martinsburg" was first spplied to this formation by k.

Re Goiger and irthwr Keith (1891, p. 161); the name is taken from the town
of Kartinsburg, West Virginia. The formstion in the type area is a shale
and the original name is thus "Nartinsburg shale”; in the Mount Jackson
quadrangle 1t is more heterogeneous and is called the "Martinsburg formation®
ingtead.
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linita. The lower boundary of the Mertinsburg shale is placed at the top
of the black shale sequence in Page Valley and st the top of the shaly
limestons in the Qranda formation in Shensndosh Valley. The top of the
formation is merked by the gradation from btrown shale and sandstone to the
brown sandstones of the Cub sandstons.

Chapagter. The lower part of the Martinsburg formation differs on opposite
sides of the Nassamubten Range; the lower part, however, is the only part
shoving thie change in facles,.

West of the mountains the lower several hundred feet of the
formation consist of black shales interbedded with black limestones. The
character of this western facies of the lower Martinsburg is extremely
similar to that of the black shale facies of the Edinburg formation, which
lies to the east of the mountain, The limestone is quite argillaceocus,
grading in many places into a calcarecus shale. In the absence of the
mrw-uuﬂumumorm-mumnmm
the Edinburg formation would probably be quite difficult, and it is thus
on the presence of the (rands formation west of the mountains that the
Edinburg and Martinsburg formstions are separeted. In sheared zones, as
mmmmmz,mmmmummmm;
in this case, since the (rands formation has locally been removed by
faulting, the recognition of the fault becomes more difficult.

East of the Massanutten Range the character of the lowsr part of
the formation is greatly changed. Here, instead of black shales and
linestone, the strats consist of black shales and argillites interbedded
with rather thick beds of sandstons, The sandstone layers in this aussen-

blage are generslly dark grey to trown in colar, depending upon the smount
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of weathering to which they have been subjected; they are notably more
resistant rocks than the shales and argillites and form minor ridges. The
sandstone appears to be a graywacke, composed largely of detritus from
pro-existing sediments that lay %o the east of the Massanutten synclinorium,
The shales and argillites have been greatly cleaved, sc that most of this
finer-grained material has more the cheracter of e black slate than of a
shale or argillite.

Above this lower part of the formation both east and west of
the mountains lies an apparently thick sequence of interbsdded sandstones
and shales. lormally the sandstone is dark-gray on fresh exposures,
weathering to a light brownigh color. It 1s a cosrse~ to mediwm-gralned
low-rank graywacke, In some cases the sandstone is brown even on fresh
surfaces; this brown sandstone 1s also a graywacke, but 1t is more silty,
finer-grained, and softer than the gray sandstons. In fresh exposures the
shale is pearl-gray in color. 3efore 1t is weathered, no primary fissility
of lamination is observable, although the rock ylelds readily to deformationm,
resulting in the dewelopment of prominent glaty cleavage. On weathering
the shale becomes brown and soft. This weathering begins along bedding
and joint planes, and in relatively fresh roadcuts the shale appears to
consist of two kinds of lithology: brown shale about one inch thick along
the bedding planes and gray shale between the bedding planes. Where the
rock is cut by joints these brown weathered sones follow the joint planes
;-aqh,hn“thnm&mdmuh&luummmrm
sides by the weatbered sones, The distinetlion between the fresh and the
weathered material is o0 sharp that the rock will normally break along the
boundary between fresh and weathered roek., A distinet lamination can
generslly be seen in the weathered shale,
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Above the sandstone-ghale sequence the formation is composed of
s much thicker series of ysllowish and brownish siltstones, claystones, and
shales that extend to near the top of the formation. This material is
rather weak in character, and is much cleaved; even in rather recent
road cuts the material has been extensively weathered and is quite asoft.
lear the top of the formation sandetones again appear, increasing
in importence upward until the Cub Sandstone appesrs just above the Mertins-
burg formation,

The Hartinsburg formstion is restricted largely
to the parts of the quadrangle within end on the flanks of the Massanutten
Hange. Thus it appears in & broad belt along the eastern and western
flanks of the Massanutten synalinorium, below the crests of Short, Kernas,
First, and Massanutten Mountains, It is aleo exposed 1B the anticlinmal
valleys leading northeast and southwest from New Market Gsp, in the gorge
of Pitt Spring Run in the southern part of the range, and along the axis
of the aross-fold at lew Market Gaps VWest of the mounteins the lowermost
beds of the formation may be included in the minor synolines neer Forestville
and in the last gynoline to the northwest of that town,

The thickness of the formation is unknown. IV has not been
possible to measure the thickmess of the formation anywhere within the
synclinorium in this quadrangle or, thus far, in the adjacent quadrangles.
Sased on its narrowest belt of outerop inm the Mount Jackson quadrangle,
south of Endless Caverns, the thickness is probebly about 1000 feet.
Because of structural compliocations in this region, however, this thickness
may be too smell end the formation may bs as much as 3000 feet thick. It
seems probable, moreover, that ite thickness is greater east of the mountains
than to the west.
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Age and correlstions The age of the Martinsburg formation is given by
Butts (1940, p. 209~213 as Trenton to Maysville., BNo diagnostic foassils
were found in the formation in the Mount Jackson quadrangle with the
exception of a fragment of a eryptolithid trilobite found by John Rodgers
neer the top of the formation along Cub Run,

The formation appesrs to be equivalent to the Trenton limsstone
and Reedsville shale of the southwestern part of the state.

Origin. The Martingburg formation appesrs to represent a vast deltaic

accumulation of detritus poured into the Appalachisn trough from a rising
landmass to the east, The sedimente become coarser to the east, and west~
ward more marine sones appesr. These gediments represent detritus shed

weptward from the rising Taconian folds in the Pledmont to the cast. This
uplift began during idinbupg time, se is indicated by the appesrance of

black shales in the latter formstion. Increased intengity of the defor-
mation or westward migration of the axis of the deformed area is indicated
by the more westward extent of the detrital sediments in the Mertlasburg
formstion. Thus, the black shale facles of the Edinburg resppears in the
Martinsburg formation, but farther to the west and to the north, while the
black shale facies in the Edinburg is overlain by still cosrser material.

Cub sandstone

Bage. The name "Cub sandstone®™ is here proposed for the [ine-grained sand-
stone unit that lies between the Martinsburg formation and the Massanutten
sandstone in the Massanutten synclinorium. The sandstone is named after
Cub Run, a tributary to the South Fork of the Shenandoah River, which flows
westuward out of the southera part of the Massanutten range. The type
section of the formetion is along Matlonal Forest Road 65, which perallels
Cub Run, just east of Massanutten Mountain,
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Linita. 7he upper boundary of the formstion is quite distinet; it is
placed at the base of the massive white orthoquartszites of the Massanutten
ssndstone. The lower boundsry of the formation is less easily distinguished.
The formation is underlain by the soft silltstones and interbedded siltstones
and shales of the Martingburg formation; the lower boundsry is drawn at

the top of the highest shale sequence of any apprecisble thickness in the
Martinsburg formation.

Charagter. The Cub sandstone is composed largely of brown or olive-
colored fine-greined low-rank graywacke with minor amounts of siltstone
and scattered intercalations of thin shale. In the type section the sand-
stone comprises about 875 of the formation, the siltstons 2%, and the
shale 11%, The sandstones loecally contain cross-bedding of the low-angle
lenticuler type. In most of the places where the formation is exposed
it is deeply veathered snd its true character le often difficult to dis-
tinguish,

The type section of the formation 1s given below:

Geologic section 3. Along National Forest Road 65 just east
of Catherine Furnace

rFaseanutien sandstone
20, White pebbly orthoquartsite
Cub sandstone
19, Sandstone, orange, friable; contalns chips of
olive-gray shale uwp to l.5 inches in diameter. . 4 ft. 7 in.
18, Siltstone, olive, blocky; weathers light
m“mnq..odluitninoolio
17, m.mwm’mm.tuno
16, Sandstone, mottled orange and olive, hard;
MM:MM.‘LWI.-..---.
15. Sandstone, brown, fine-greined; weathers to
M k B % » 2 o » 2 8 8 & @ 8 5 8 @
l4e Sandstone, green %o brown, fine-grained;
weathors DLlOCKY o o « ¢ ¢ ¢ 0 o s ¢ s 0 0 ¢ o &
13, &hale, sandy, olive-colored; weathers pinkish .
12, Mudstone, clive-colored, micaceous. « « « + » o
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Bletribution and thickness. The Cub sendstone is limited to the ridges of
the Massanutten Range; its best exposures are in the southern part of the

range , however, Besides the type section, other sections are exposed along
Pitt Spring Bun west of Catherine Furnace.

The thickness of the formation appears to be rather constant;
it is about 40 feet.

Age and correlation. The Cub sandstone underlies the Massamutten sand-
-m,m&umummmaau)nq-mm.mm-
burg formstion which appears to be at least in part of lLate Ordovieian
(Cineinnatian) age. The age of the Cub sandstone appears to be late
Ordovician or Iarly Silurian,

Elsewhere in the Appalachians of western Virginia the strate
between the Martinsburg shale and the Tuscarora (lower Massanutten) sand-
stone belong to two formations, the Oswego sandstone and the Juniata forme-
tion (Butts, 1940, ppe 219-229). It seems quite probable, them, that the
Cub sandstone is equivalent at least in part to one or both of these for-
mations. [dithologleally it is quite similar to the Oswego sandstone, a
greenish iron-speckled ssndstone. The Juniata formation is composed of
red sandstones and silistones that appesr to have been derived from the



east; it seems to be guite improbable that such & red formation would
become less red in color as its sowrce srea is approuched, If the Cub
sandstone were equivalent to the Juniate formation, not only would such
a change have to take place, but & hlatus would exist between the Cub
sandstone and the Martinsburg shale; sctually the passage from Martinsburg
to Cub 1s a gradational one.

The Cub sandstone may, on the other hand, be equivalent to the

Orthorhynchula linneyi sandstone which has been noted at many places at
the top of the Martinsburg shale. Aceording to Butts (1940, p. 208), this

SOrthorhynobuls bed can be traced continuously from central Pemnsylvania

southward into Tennessee. FNo specimens of (Qrthorhvnchy L (James)

vere found in the sandstone in the Massanutten Range, but fossils would
become less common in the formation as it is traced eastuard towards the
rising landmass formed by the Taconlan disturbance.

Origin. The tendencies towards increase in grainsize with decressing age
vhich were noted in the Edinburg end Martinsburg formations below the Cub
sandstone are continued into the Cub sandstone, which represeats the
cosrsest detrital sediment deposited in the area of the Massanutten gyncli-
norium during the Ordoviclan Feriod. Thus, it represents still greater
uplift of the landmsss to the east or & nesrer source ayesa than does the
Martinsburg shale. The absence of the Uswego and Juniata formations above
it would seem to indicate that the axls of uplift was being shifted to the
wost as the Ordovician Period progressed, until finally the eastern part
of the present Appalachian Valley was uplifted sufficlestly for the over-
lying formations to be removed by erosion if, indeed, they were ever
deposited.



DISCONFCRMITY

The most pronounced stratigraphic hiatus within the Paleoszoie
section in the Mount Jackson quadrangle ocours at the top of the (Ordovieian
System, The youngest Ordovielan formation that can be accurstely dated
is the Martinsburg formation, apparently of Maysville age. It is overlain
by the Cub sandstone, which is probubly also Mayevillian, and this is
followsd Ly the Massanutten sandstone, which belongs to the Silurdan System.
Thus, the formations which represent the Richmondian age elsewhere in the
Appalachiens of Virginia, i.e., the Juniata end Sequatohie formations, are
absent, and apparently most, if not all, of the Oswege sandstone is
unrepresented,

vwestward these formations which are missing in the Massanutten
Range are present in Little lNorth Mountein, indicating that here also
uplift was centered to the east.

At Herrisburg, Pennsylvenia, Stose (1930) has described a
similar hiatus, in vhich the Martinsburg formation is overlain by the
Tuscarors sandetone, In this case, however, the relation is thst of an
angular unconformity, the Martinsburg formetion having been folded and
eroded pricr to deposition of the Tuscarora sandstone. No such angular
unconformity could be determined in the Mount Jackson quadrangle.

HASSARUTTEN SARDSTORE

Name and previous usage. The name "Massanutten sandstone" was first pro-
posed by Keith and Geiger (1891); the sandstone wes nemed after the Massa-
mutten Range where, according to these suthors, it is typically developed.
At the time that the name was proposed, however, no type section of the

formation was designated and there is no evidence in the original paper of



any extensive work done in the area of the Massanutten Range, since the
formation was first used in Northern Virginia. As originally defined,
the Massanutten sandstone was supposedly underlain by the Martinsburg
shele and overlain by the Newark group. However, it was later discovered
that the lithologic undt originally celled Massanutten sandstons in
northern Virginia wes involved in scmewhat compliocated faulting and that
this unit is actually the Antietam sandstone of the Lower Cambyrian (Wil-
-I'ﬂ,1938)o
The next person who used the term Massanutten sandstone was N,
H.W(W.Pouh
"The Massanutten sandstone recwives ite name from the prominent
Hassanutten wounteins in which it is typleally developed...sse
White and red quartsites prevall.....The basal beds are alter-
nating beds of dark sandstone and shalej these are succeeded
by vhite and gray quartzites wilch in twrn give place to thin-
ner-bedded red and Lrown sandstones and shales."
Later, in the Staunton folio, Darton stated that the formation consists of
an upper white or gray massive quartzite and a lower sequence of thinner-
bedded red or brown sandstone or quartzite (Darton, 1894). Finally, in
the legend to the geologic map in the Monterey folio, he sub-divided the
Massanutten sandstone into three formations (Darton, 1899):
Cacapon sandstone
Tuscarcra sandstone
Juniata sandiatone
In 1896 the results of what appears to be the first extensive
fisld-work in the Massanutten Range gince the time of ¥W. B. Rogers were

published By A. C. Spencer (1896). Apperently in an attempt to make the
formation in the Massanutten Range analogous to that mapped by Darton to

the southwest, Spencer divides the formation into three members:
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"The lower member conslsts at the bottonm....of very fine
but there is & constant increase in the sige of gruin

upward until shale is replaced by micaceous sandy layers and
ser sandstons

cadew

The shale which separates the two members is fine-grained
and argillacecusSceess

The upper division.....is an indurated sandstone, com-
posed entirely of well-washed and sorted quarts, in which
cross-bedding is characterlstic throughout. It is generally
& sandstone of rather coarse grain....."

The term Massanutten sandstone was next used in the report on
the manganese deposits of the region (Stose and Miser, 1922, p. 29). The
authors of this paper state that "the white sandstone of Medina age and
the underlying yellowish sandstones are together cslled Massanutten sand-
stone"”, liowever, at another place in that publication the white sandstome
is ealled the Tuscarcra sandstons (p. 96).

The latest usage of the term was by Dr. Butts (1940, p. 234), who
writes that the formation lncludes beds of Clingh and Clinton age. In two
measured sections (pp. 254 and 255) the Massanutten sandstone is described
as a gray thick-bedded quartsite.

The term Massanutten sandstone has thus been used in a number of
different ways. Much of the confusion over this unit in the early litera-
ture was probebly csused by a lack of study of the type region of the
formation, the Massenutten Range, prior to Spencer's work; Spencer then
tried to make the formation in the type region fit the definition given
to the formation outside of the type reglon. The present author csanot
help but feel that if work in the type region had preceded rather than
followed the work in the Steunton and Monterey quadrangles, the Messanutten
sandstone would have been used as & white quartzose sandstons rather than
es & sequence of red, wwrown and green sandstones. In the Massanutten Range
the white massive quartzite is a prominent and persistant unit that is

easily distinguished from the units underlying and overlying it. In this
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work the name MNassamutten sandstone will be restricted to the unit so defined.
It is a unit that is & product of distinective conditions of sedimentation
which differed from the conditions represented in the underlying snd over-
lying formations; in addition, it is a mappable unit and is thus in accor-
dance with most generally accepted definitions of a formetion,

8inge no type section of the formation has teen given previously,
a type section for the formetion has been chosen on the east slope of
Massanutten Mountain at Surners Gap, in the northern part of the Masse-
nutten Fange.

ldmits, The Massamutten sandstone 1g easily distinguished from both the
overlying redbeds and the underlying brown siltstones and sandstonea. Hoth
the upper and lower boundsries of the formation ere quite sharp.

Charagter. The Massanutten sandstone is an excellent example of an ortho-
quartszite, that is, & quartz sandstone in which the grains are held to-
gother by « silica cement., Becauss of this siliceous cement the rock is
very hard and is generally also rather light in color; in grain asize it
ranges from a fine-grained sandstone to a gramule or pebble conglomerate.
Sandstone is much wore abundant than conglomerate in the formation, however,
the conglomerate occwrring as scattered lenses at verious levels in the
sequence , but most notably at the base of the formation, The sands are poorly
stratified or, rather, the principal stratification of the formation is
grently compliocated by cross-lamination which generally dips at a low angle
relative to the main bedding surfaces.

In addition to the white to gray sandstones and conglomerates
that cowpose far more than 99 per cent of the formation, thin layers of
sandy siltstons or silty shale ccour at various lewvels. These shale and
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siltstone bodlies are lenticular in character and often pinch out completely
wvithin a distance of a few feet.

Complete secticns of the Massanutten sandstone are by no means
abundant because of the relative weakness of the overlying and underlying
units as well as because in many places much of the formation is covered
by its own sliderock. Ome good section of the formation was examined Just
east of Surners Gap, & not-too-prominent gap in the eastern ridge of the
Massanutten Range northeast of New Market Gap. The exposure here is along
& long-ebandoned road down the eastern slope of the mountain and, with the
exception of & few feet of poorly exposed material at the top of the for-
mation, is quite complete. This section has been chosen ss the type
section of the formation;

Geologic gection 4. Along abandoned road at Burners Gap

Hloomsturg formation (Lower 12 feet)
22, Covered, with local exposures of reddish-
twown andeton®e « o ¢ s o 4 5 2 s 8 v o v v o 12 feet
Massanutten sandstons (700 feet)
21. Covered, with local exposures of white
qwhlﬂ‘“.iﬂ;...........-w
» Orthoquartaite, white to buff, coarse-
wm.mm,m 2 to 2 inches
thick; occasional bands of conglomerste 1 to 4
inches thick. Containg rather uncommon

# & & % & & & % ¥ » 1“
m,m;mmmgor

h.“'ll...

u.mwa,w,uuwm.....
17. Shale, brown, micaceous, shoepeg weathering.
+ 16, Sandstone, brownish-red, fine-grained. . « «
*lﬁ-m P’-*’w--oanuoo
Lo mmnu. widte, coarse-grained,
mm...l'.l..ll...l..
13, Shale, gray, sandy; contains l-inch layers
ﬂtm’mm.m‘-lh..-..-..
12, Orthoquartxite, white to buff, coarse-
mm,mm....--.......
u!mlw.mﬁninﬁitloacooo 1/‘
10, Orthoguartzite, white to buff, coarse-
M,M--:p-..c-o.o “\1/2
9. Orthoquartsite, gray, fine-grained « « « « « & 1
8. Orthoquartzite, white to buffl, coerse-
p‘iﬂd,mm....-........ 3

e
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Heavy mineral separations were made from samnles of beds 15, 16,
and 20, but the heavy minerals present are rather few, lost of the
separates oonsist of lewcoxeno, hematite, zirecon, and tourmaline; these
constitute more than 92 per cent of the heavy minerals in each of the
samples examined, Tn addition a few grains of staurclite, rutile, and
hornblende wvere found., The mineral grains are for the most part quite angu.
lary the siroon is quite strikingly euhedral and even the tourmaline gmins
show only slight modification of the origimal erystal outlines excert by
fracturing., A short desorirtion of each of the more ecommon of these heavy
minerals is given below:

Tourmaline — broken suhedral erywtals that are plsoochroie in
uu.mmmmm color soning
from green at one end of the grainm to light green

at the other end.

Zireon - penerally euhedral composed of primm termi-
mated on both ends b faces; colors are whi
sions of ) gsome grains are zoned,

- pubhedral rounded greins that are light
nlmcuuu

Mu-whmmw-mu



%

Distribution and thickpess. The outerops of the 'mssanutten sandstone are
confined to the ridges of the Masamutten Mange, after which the formation
vas named.

The topographic expression of this formation is certainly more
striking than that of any other formation mapped. The ‘mssamutten sandstone
io the resistant bed which “"holds up® the ridges im the 'masamutten Tange.

The thickness of the formation probably wariss from 500 to 700
feet in most parts of the range. At the gap of Cud um west of FHewport
the thickness was measured as 540 feet and just to the west along Pitt
Spring fun the thickness was found to be 570 feet.

Correlation and age., As was pointed out above, the !mssamutten sandstons
wvas thought by Darton to be equivalent to the Juniata, Tuscarore, and

Cacapon formations. There seems to be no very stromg evidence that this
correlation is correct, however., In the 'assanutten “ange the sanistone
rests on the Cub sandstone and is overlain by the Dloemsturg redbeds and
its stratigraphic range ecould include all of the formations listed by
Darton as its equivalents. It is unlikely that the Juniata formation is
represented in the 'mssamutten sandstone, The Juniata formation has been
shown to be of non-narine origin; west of the Mount Jackeon quadrangle the
thickness of the Juniata imcreases eastward, seemingly indieating that the
source of the Juniata sediments was to the east. A red continental forme-
tion would be quite unlikely to grade source-ward into a white sandstone,
Tt does seom probable, howover, that both the Clinch-Tuscarora
sandstona and the beds of the Clintom group are represented in the 'ussa-
nutten sandstons, The situntion here is amalogous to that im sastern
Pennsylvania, vhere ths Shawangunk eonglomerate has been shown by F. !
and C, ¥, Swarts (1931) to pass wvestward into the Tusearora and Feefer



sandstones, which are sspumated by the Romse Eill shales, That is, the

Feefor and Tuscarora sandstones in "enmsylvania are tonrues of the Zhawan-

gunk conglomerate that reach westward into the finer detritus of the Rose

Hill shales., In Virginia the Tusearora and Feefer are both present west of

the Mount Jackson quadrangle, with the sare stratigraphic releations as in

Fennsylvania, A siamilar change of fapies in Virginia may be inferred.
Supposed fozeils found in the ‘assamutten sandstone are

Arthrophyshus alleghaniensis (Parlan) and Soolithus vertisalis fall both
of which also oceur in the Clinch-Tusearora sandstone and possibly in the
Feefer sandst ne.

The 'assanutton sandotone is thus thought to be equivalent to the
Clinch-Tusearora sandstone (Medinan series) and the Clinton group (lower
¥iagaran serdies).

Origin. The sands which now eompose the assamutten sandstons were spread
out over a low coastal plaim or into a shallow sea from the highlands
formed to the eaat during the Taconian revolution. The interpretation of
these deposita as beach deposits formed by a slowly retreating shallow
sea seens to be aceepted by most authors (Bubbs, 1940, p. 487; Woodward,
1932, p. 96 Dumbar, 1949, p. 162) and is indicated by the atundant develop-
ment of cross-vedding of the non-solian type throughout the formation,
The Seolithus tubes and the peculiar trails called Arthrophysus are alse
the types of organiec structures that might well be preserved in ssndstones
derived from littoral sediments,

The source of the sands presents somowhat more of a problem,
The entire Massamutten sandstons, with the exception of a very few thin
shale layers, is typleal orthoquartsite, OSuch rooks have been grouped



by Krynine (1941) into three genetic classes: first-cycle juartsites,
second-cyele quartzites, and cleansd graywsckes (Krymine, 1941), The first
tyre is formed by the intonse chemieal decay of the erystalline source rock,
resulting in the destruction of everything execept the most stable minerals
(quarts, sireon, tourmaline, rutile)s the second type is derived from the
first-cycle orthoquartsites; the thind type is formed by the winnowing of
a graywacke, leaving behind only the quarts, The )assamutten sandstons, or
rather its partial equivalent, the Clinch sandstone, has boen ealled a
second-eyole orthoquartzite by Krynine., rfowever, the presence of euhedral
heavy minerals like the ziroon and tourmaline deseribed above are mot what
one would expect to find in & second-gycle orthoquartaite; in addition,
the gradation of the formtion westward, at least in part, into the fose
Hill shals is mot what would be expected if the 'assamutten sandstone were
derived entirely from a pre-existing first-cyele orthoquartsite. The well-
preserved orystalline shapes of thess heavy minorals from the Missamutten
sandstone indicate that they wvere derived from erystalline (igmeous or
metamorphie) rocks rather than from & pre-existing orthoquartaite, in
which case the heavy mineral greins would be rounded rather than euhedral,
It is believed that during the early (Ordovisian) stages of the
Taconian revolution the Cambro-Ordovician sedimentary recks were stripped
off the erystalline core of the landmass formed as a result of this uplift,
These erystalline rocks then underwent a rather extensive period of weather
ing to produce a thick mantle consisting of clays and other weathering pro-
ducts along with a rather large amount of extremely stable minerals (quarts,
sireon, tourmaline), At the beginning of the Silurian this mantle was
eroded and the sediments deposited in the shallow sea that cocupled the
Appalachian trough to the west. Here the sediments were reyorked by marine



agencies and the fimer silts and clays were carried wostward into the

deeper parts of the trough, leaving behind the clean quarts sands of the
‘mesanmutten sandstone.

BELOOMSBURG FOMATION

Jame, The Bloomsburg formation takes its mame from the town of Hloomsburg
in Colusbia Counmty, Pemmsylvania (White, 1883, p. 2§2), vhere it is wll
developed. Use of the mame Rloomsburg in this quadrangle is based on the
correlation of the upper Massanutten sandstons with the Clintom group,
In its type locality the Bloomsburg is composed of the redbeds lying bee
tween the Clinton group and the Upper Mlurian limestones. The name
Eloomsburg bas been used in the 'mssamutten Range by earlier workers as
well (Bevan et al, 1938; Putts, 1940).

Limits. The Bloomsburg formation is composed essentially of redbeds and
is thus easily distinguished from the underlying white quartzites and the
overlying limestonmes. Both the wper and lover boundaries are quite sharp.

gharagter. The Bleomsburg formation is composed largely of red siltstones
and sandstonea with lesser amounts of green siltstones and green and red
shales. Near the base of the formation are one or more beds of greenish-
vhite orthoquartszite; only one such layer has been found in the )ount
Jackson quadrangle, but several such sanistone layers occur to the morth
and northeast. A massive sanistone layer, apparently of similar character,
is mentioned by Butts and Bdmundson (1939, p. 171) as occurring near the
top of the formation west of ILittle North Mountain im Frederick County.
Othervise the strata are all relatively weaks this, combined with the large
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amount of sliderock origimating in the subjacent ‘masamutten sandstone,
makes exposures of the Eloomsburg formation poor and, indeed, quite uncommon,
Most of the characteristiocs of the formation deseribed above are taken from
8 single exposure of the formation along Matiomal Forest foad 2743 excert
for small, widely scattered outorops elsevhore in the quadrangle, this is
the only exposure of the formation in the ares mapped.

F. ¥, Swarts (Bovan ot al, 1938, pp. 25, 27) deseribos a sequence
of green sandstones from 60 to 220 feet thick which overlies the 'mssamutten
sandstono im the northern part of the Massamtten fange; these beds are
correlated by Swarts with the Clinton formation. The exact remson for this
correlation is not clear; the invertebrate foss!ls characteristic of the
Clinton beds elsewhere in the Appalachiansg are absent in the !'nssamtten
syneline and the only criterion for the correlation seems to be the
presence of brown "iron® sandstones in this green sandstone sequence.
Admittedly the green sclor of the sandstones would be as valid a criterion
for distinguishing these bods as a formation as the eolor difference between
the ‘mnasamutten sandstone and the Floomsburg formatiomy the strata included
in the "Clinton” of Swarts are mot all green, howvever, Some red beds are
said to ocour in the "Clinton"; in the worda of Dr. Swarta, "these beds are
transitional between the Clinton and the Bloomsburg and are probably best
congidersd as Clinton” (Bevan et al, 1938, p. 27). In the opinion of the
present author, the fact that the Clinton imto which these beds are supposedly
transitiomal is represented only by the transitiomal beds outweighs the other
factors, and the green sandstones above the 'mssanutten sandstone are here

assigned to the Ploomsburg formation,

Digtribution and thiokness. The Ploomsburg formation is confined to the
synclines of the 'assanutton aynclinorium; that is, to Duncan and Crismen






flollows north of New Market Cap and to Cathorine and ritt Nollows south of
the gap.

The formation is rether wesk and forms a part of the slopes of
the ridges in the range, Fven the more resistant white guartsite layers are
not dmportant topographically,

No estimate of the thickness of the formation could be made in
the Mount Jackson quadrengle, although it is at least 200 feot thick amd
perbaps as such as 600 foet., At the northern end of the synclinorium the
t'ickness of the formations equivalent to the Eloomsburg formation in the
Yount Jackson quadrangle is given by Swarts (Devan et al, 1938, p. 24) as
425 to 675 feot. nmmu&mmumm
Range the thickness of the ¥Wills Creock and Floomsburg formations (Flooms-
burg formation of this dissertation) is given as 430 feet (Putta, 1940,
geologic section 65).

Correlation and age. The Bloomsburg formation as used here includes beds
wvhich, elsevhere in the Massamtten synclinorium, have been called the

Clinton formation, Bloomsburg sandstone, Wills Creok formation, and Indian
Springs member of the Tomolowsy limestons (Bevan et al, 1938, p. 243 Butts,
1940).

In Pennsylvania, vhere the regiomal 3{lurian relationships have
been more thoroughly studied than im Virginia, the Bloomsburg redbeis have
been found to grade westward into & sequence of limestones and shales (see
Flate 28), A similar change in fasies is thought to have taken place in
Virginia, Past of the mssanutten fange, 1f exposures of these formations
otill existed, the strata between the Catherine limestone and the 'masae-
nutten sandstone would all be redbeds. Passing westward into the 'assa-
nutten Jange the upper part of this redbed sequence grades into the impure



limestones of the Tomoloway limestome. In places within the renge, but not
within the dount Jacksonm quadrangle, the Tonolowey limestone is underlain
by yellow shales containing ostracods that are probably [gperditis elongata
Yillsengis Ulrich and Bassler; these shales are equivalent to the Wills
Creek formation which in Pemnsylvania is also a fasies of the Dloomsburg
formation, The occurrence of this shale facies within the Mount Jackson
quadrangls appears to be loeal, 5till farther west, in Little lNorth Youn.
tain (Butts and Tdmundson, 1939) the redbeds that overlie the Climton group
are in tura overlain by the Wills Cresk formation ani the Tomoloway lime-
stone, Fimally, at the northeastern end of Great North lountain the basal
Floomsburg formation has passed into the limestones and shales of the
MoKenzie formation (Putts and Pdmumdson, 1939).

The age of the Ploomsburg formation in the Yount Jackson quad-
rangle is probably late Niagaran to early Cayugan, based on the facies changes
and correlations cited above.

Origin. The Bloomsburg formation appesrs to be of non.marine origing this
is tased both on the red color of the formation and upon certain minor
features of the formation. The red color of the formation is due to the
presence of ferric oxide, probably hematite, which indisates that the
sedimonts vere deposited under oxidizing conditions. Ouch cxidising condi-
tions would be encountered more likely in non-marine than in marine
enviromments., !Eny of the red siltstomes and sandstones contain somewhat

irregular, more or less vettieal (with respect to the beiding) sones of
greon sediment, These reather marrow green sones &re more or less eylindri.

eal in cross seetion and extend down from the tops of the bedsy they do mot
differ in any visible upy from the red portions of the beds excert in thelr
eolor, vhich is probadbly due to loocnl reduction of the iron in the sediment.



The shape of these structures suggests that they are the remains of plant
roots which reached down Imto the silts and sands from above. No identi-
fiadle plant remains were found in the formation, Although some of the green
siltstone beds do show blagk, aprarently carbomaceous markings on the bedding
planes,

The exaet form of the deposit is not so clear, The gredation of
the formation westward into truly marine deposits indicates that the sedi-
ment vas deposited in the transitiomal some, and the formation most probably
represonts a deltaie ccastal plain built wstward from a landmass to the
east into the shallow sea that then oceupied the Appalachian geoaymeline,
Mlant 11fe was apparently rather abundant, at least loeslly and at various
tines during the building of the deposit. ¥ith the overflow of sediment-
bearing streams, however, the parts of the plants above ground were swept
away, leaving behind only the lower part of their root systems which were
then buried by more sand and mud,

The problem of the ordigin of the Bloonsburg formation raises the
problem of the origin of redbeds in general. Suggestions a» to the conditioms
necessary for redbed formation have ranged from arid to extremely bumid
and from tropieal to frigid, Source rocks for redbeds are known to inelude
igneocus, sedinentary, and metamorphic rocks, Tho red color has been cone
sidered at various times to be due to original red minerals, to red minerals
of secondary origin formed in the source area, and to red minerals of
secondary origin formed in the basin of deposition.

In the Rloomsburg formation the red color is due to hemtite, whieh
ocours both as & coating on the detrital gmins and as part of the matrix,
Tt is protebly of secondary origin and was derived from & deeply weathered
mantle in the source area, According to Krynine (1949, p. 61) such red
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anount of organic matter vas incorporated in the sediment, the oxidised
character of the iron was not altered,

UPPER SILURIAN-LOWER DEVONIAN LIMESTONES

Tonolowmy (?) limestons

Hame and usage. The Tonolowny limestons was mamed by . 0, Ulrieh (1911,
Pl. 28) and by G, V. Stose and C. K. Swarts (1912, p. 7) from Tonolowny

Ridge in vashington County, !rylanmd.

The term "Tonoloway(?) limestone® is used here to desigmate a
distinet rock unit at or near the base of the Siluro-Devonian limestone
sequence. The Tonoloway(?) limestone in the Mount Jackson quadrangle io
correlated with that in the type locality only om the taais of lithology,
and it may be thet we are dealing here with a lithologic fucles rather than
vith a lithologie unit that has some constant relation to time horisons,
However, since the term formation is used hers as 2 mappeble lithologic
unit, this limestone ean certainly be treated as a formamtion,

Linits. The lower boundary of the Tonoloway(?) limestone is gonerally
marked by an abrupt change from red shales or siltstones to the platy lime-
stones of the Tonoloway(?). The upper boundary, however, is less clearly



marked, since the lithologie change involved is less radical. The upper
boundary &f the formation is generally drawn at the top of the upper bed
of platy limestone in the limestons sequence. Thin layers of platy lime-
stone may appear higher in the sequence, but they are definitely suberdi-
nate to the non-~platy limestones of the overlying Catherine limestons.

Character. The Tonoloway(?) limestone ls essentially a gray shaly line-
stone that weathers light-gray to white, The limestone is fine-grained

to aphanitio and is often mud-cracked (Flate 29). This type of lithology
is found at the bsse of the Siluro-Devonian limestone sequence wherever it

is exposed in the quadrangle,

Zlatribution end thicknesa. The Tonoloway(?) limestone ia confined to
the valleys of the Massanutten Hange, that is, to the synclines of the
Hagsanutten synclinorium, :

Good exposures of the formation are found along many of the
streams in these walleys. lHorth of lew Market Gap the limestone ls
rather poorly exposed along National Forest Road 274 about five miles
northeast of the gap. Other exposures ocour along Passage Creek farther
to the northeast, one seven miles northeast of the gap (Geclogic section
13) and enother south of the btridge over the creck on State Roed 616, In
Duncan Hollow these limestones are exposed in the streambed nesr the
abandoned farmhouse shown on the topographic map and elsewhere along and
above the stream between the house and the road. UNear Moreland Cap the
formation is again exposed along Mountain Run south of the house and
cometary which lie east of the gap.

In the southern part of the reange the limestone outcrops along
Pitt Spring Run near Catherine Furnace (Geologic section 4) and alse along
Roaring Hun north of the furnace.
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The thickness of the Tonoloway(?) limestone is probably about
50 feet, its thickness on Passage Creek sewn miles from the gap. Else~
where only incomplete sections (less than 50 feet thick) could be found,
At Seven Fountains, s mmber of miles to the mortheast in the Stresiturg
quadrengle , Swartzs has reported a thickness of at lesst 290 feet for what
appears to be the same formation (Bevan et al, 1938, p. 26).

Sorrelation and age. o fossils were discovered in the Tonoloway(?)
limestons in the Mount Jackson quadrangle. Swerts reports a mumber of
Toncloway fossils from the limestone at Seven Fountains, however, Lime-
stones of similsr lithology are recorded by Butts (1940, geologic section
65) from Harsberger Gap to the southwest, where they contain fossils of
Wills Creek age; the thickness of these limestones at Harshberger Gap is
similar to that of the Tonoloway(?) limestone in the Mount Jackson
quadrangle.

The age of these limestones, like their correlation, must remain
in doubt until fossils are found in them. The work of Butts and Swarts
would seenm to indicate a Late Jilurian ege.

Srigin. The pressence of much shaly materlal in these limestone would

seem to indicute a near-shore origin for them; the presence of mud-cracks
would further indicate a rather shallow-water Af not tidal-flat enviromment.
The formation would appear to be composed of limy and argillaceous muds
deposited on the floor of & shellow ses near a landmass of rather low relief.

Catherine limesstone

lspg. The name Catherine limestone is here proposed for the dominantly
limestone unit that underlies the dark shales of the Romney group and over-



&7

lies the shaly Tonoloway(?) limestone, The name of the formation is taken
from Catherine Furnace, an sbandoned iron furnace near the conflusnce of

Pitt Spring and Cub Runsg in the southern part of the Massanutten Range.

Haits. The lower boundary of the Catherine limestons 1s draun at the top
of the highest bed of platy limestone in the Siluro-Devonian limestone
poquence, The upper boundery is more clesrly marked: it is drawn at the
abrupt change from the lisestones to the gray-green sheles of the Needmore
shale,

Charagter. The general character of the Catherine limestone is well
illustrated in the type section;

Geologic section 5. /long Pitt Spring Run a few hundred yards
west of its junction with Cub Run, Page

Keedmore shale
11, Shale and claystons, olive-brown
Catherine limestons o
10. Limestons, dark-gray, medium-grained, massive;
contains stringers of black chert; weathers white. .
9« Limestone, dove-gray, shaly; contains lenses
ﬂtm&m‘mmthQnoonoqao
B. Covereds » « ¢« s « o s o 2 8 6 2 5 % a0 s 8 08 o ¢

7» Calearenite, light-gray, coarse-grained; contains
“dmwmwlm.ato

Se m.m.ﬂum.m...-..-.
4e Calmu,pimm,w......

M’mliittidﬂlll.ntiintd
Tonoloway( ?) limestone
24 mm,mw,mue. with shaly
MIﬂlﬁﬂ‘lm-.-.«s.....-u.-.
1. limestone, dove-gray, aphanitic, with Lrregular
mm.aontnoitunnqontqooo

The formation consists mainly of fine- to cosrse-greined lime-
stones with minor amounts of shale anc clsystone, though none of the latter
are exposed in the type section, The limestone is generally light- to

> ;



dark-gray in color; occasional laysrs colored brown, brownlsh-grey, greenish-
gray, and olive-gray are present in the northern pert of the range, however.
The calcarenites or lime sandstones are usually medium- to fine-grained,
with a light-gray color that may be modified loeally to & pinkish tinge.
Orinoid columnals and brachiopod shell fragments are common constituents
of these calcarenites, and at some places fragments of shales and fine-
grained limestones are also included. The limestones are generally impure
end grade from limestone into mudstone with an increase in the emount of
argillaceous material. These impurities may be dispersed throughout the
rock, as generally in the green and brown limestones mentioned above, or
they may be segregated into irregular bands separating nodular layers of
limestone,

The mudstone and claystons beds in the formation are best
developed in the northern part of the Massanutten Hange; an especially
good section showing this type of lithology is given as Geologic section 12,
These detrital layers are generally greenish to trown in color, of wery
fins grain, and often calcareous.

One of the more unususl lithologic types present in the formation
is a red sandy mudstone contalning nodular layers of limestone one to two
inches thick. In outerop the sudstone commonly has a pitted surface due
to the solution of the limestone nodules and because most exposures of
the formetion are found in the stream beds. Such features are not confined
to the red mudstones, however, since the occasional beds of grayish mud-
stone may alsc contain gimilar lizestone nodules. In addition the mud-
stones may contain thin lenses or layers of medium-grained calcarenite.

Disteitution and thickness. The distribution of the Catherine limestons
is essontlally the sume as that of the Tonoloway(?) limestone described



above, in that it 1s confined to the synclines of the Massanmutten syncli-
norium. It seems quite doubtful that the name Catherine limestone ashould
be used in areas outside of this synclinorium, since in most other localities
the wvarious units included in the Catherine limestone can be recogniszed
and mapped as separate units.

Good exposures of the Catherine limestone are not as abundant as
those of the Tonoloway(?) limestone below. The best exposures are repre-
sented by the three measured sections of the formation: the type section
dmﬂttwm,MManmhmMmm
lilunoﬂhunerMMhtmp,Mg-dmo-cﬁmEmﬂ:ofﬁ.
bridge by which State Road 616 crosses Passage Creek. Other exposures may
be found north of the house about 3/4 mile esat of Moreland Gap and along
Mountain Run in that same area.

The thickness of the formatlon sppears to be about 80 feet in
the sections slong Pitt Spring Fun and south of the bridge on State Road
616, However, along Passage Creek in Crisman Hollow the thickness is
only 33 feet.

Sorpelation snd age. The beds here called the Catherine limestone bave
generally been called Keyser limestone by previous workers (Bevan et al,
1938, pe 24, 26; Voodward, 1943). A number of fossils of Keyser age have
been found in these limesatones, including Chonetes jerseyensis Weller,

Ulrich and Bassler (7). In the section in Crisman Hollow, however, some
Becraft or Hew Scotland fossils were found, including Spirifer concinmug
Hall. The Catherine limestone is thought to include, at various places,
correlatives of the Keyser limestone and of pert or all of the Helderberg
linestones.



The age of the Catherive limestone is thus eomewvhat doubtful,
It 1s at leaast in part Zarly Devonian in age, since it is in part correla-
tive to the Becraft limestone. If the Keyser limestons is placed in the
Devonian following the work of Butts (1940, p. 273), then the entire
Catherine limestons is of Devonian age. However, if the Keyser is equiva-
lent to the Manlius limestons in New York, as has been suggested by recent
work in thet state, then the formation is in part Silurian and in papt
Devenian, This may cause some uneasiness among those geologists who prefer
to think of formations as being time-stratigraphic units rather than
etratigraphic units and who would thus favoe splitting the Catherine lime-
stone inte two formations separated by the Siluro-Devonian boundary. low-
ever, until that boundary problem is more definitely settled and until
it can be shown that the Catherine linestone can be separated into two
formations on a lithogenetic basis, the present author tends to favor

the present usage.

Grigin. The generally srgillacecus and, in many cases, coarsely clastic
character of the Catherine limestons seem to be indicatiwe of relatively
neer-ghore deposition of the material of which the formation is composed,.
That the water was shallow in eddition is indicated by the presence of
not uncommon mrd-crucks in the shely limeetons layers. Further evidence
of such a shallow near-shore eaviromment may be found in the rather great
variation in the thickness of the formation and in the different ages
which may be cssigned to it in different cutcrops. Moreover the formstion
is variable in thickness and eppesrs to include a mumber of minor discon-
formities as would be expected.
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DISCORFORMITY

A third disconformity within the Paleosoic section can be
recognized between the Catherine limestons and the Needmore shale. The
youngest formation definitely included in the Catherine limestone is the
Secraft* or licking Creek limestons, belonging to the upper Helderberg.
Thus the Oriskany (Ridgeley) sandstons is absent in this part of the
Massanutten Range, although it may bs present farther to the northesst.

ROMNEY GROUP

The Romney group as used in this dissertation is synonymous
with the Rommey shale, which was named by H. H, Darton (1892, p. 17) frem
the town of Rommey in Hempshire County, West Virginia. According to the
original description of the undt, it included the "fissile shales, in
greater part black or dark brown in color, containing oceasional thin beds
of sandstone and limestone™ which lay botween the Monterey sandstone below
and the Jennings formation above.

The same term was used later by Stose and Miser (1922, p. 56)
to refer to "fissile yellow to buff fossiliferous shale, black where fresh,
containing fossils of Marcellus age"” in lLittle Fort Velley in the Massa~
nutten Range northesst of the Nount Jackson guadrangle.

Butts (1940, pp. 305=308) used the term Rouney shale in a
restricted sense, since the Unondage shale had previocusly been separated
from it aa a separate formation., Uutts further stated that the ternm
"Somney shale® should be abandoned and replaced by the names Marcellus,
Hamilton, and Neples formations. In the tabls of formations at the beginne
ing of the 1940 bulletin (Butts, 1940, p. 23) the Rowney is referred to
as & group consisting of four formations:
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Naples shale
Marcellus shale
It ie in accordance with this interpretation that the term Romney
shale is used in this dissertation; some of the formation names have been
changed and the uppermost formation in the group is absent, but otherwise
the same lithologic units are included:

Mahantango formation

"Marcellus" shale

keedmore shale

Other usages are possible, of course, and at least one of these

bas been used by F, M. Susrts (Bevan et al, 1936, p. 24), Swartz considers
the entire group as a single unit end employs Darton's original term Rom-
ney shale for its designation. This usage has some advantages, sinoce
the units within the group are in most cases distinguished only with
difficulty. Another alternative is to use the Romney shale as restricted
by Butte; in this case the group would consist of the Needmore shale below
and the Romney shale above. In mapping, this alternative hes been employed,
since it is almost impossible to separste the "Marcellus® shale and the
Mahantango formetion in most exposures. To the northeast where exposures
are somewhat tetter and the rocks less closely folded, it has been possible
to break the group down into three units for mapping purposes (Edmundson,

1950).
leedmore shale

Hame. The Needmore shale was named (Willard, 1939, p. 149) from the town
of Needmore in Fulton County, Pennsylvania, At the time when the unit was
defined , however, no type section for the formation wes given.
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South of the Pennsylvania border the term has been used by
Woodward (1943, pe 278) in West Virginia as equivalent to the unit called
the Onondaga shale in Virginis (Butts, 1940, pp. 294~305); in addition,
Woodward mentions one exposure of "fossiliferous green-buff Onondags
shale® along Nationsl Forest Rosd 274 south of Camp Roosevelt in the
northern Massanutten Range, with the implication that this is the Needmore
shale.

Although the nsme Onondaga shale has been used for some time to
designate this shale unit in Virginie, continued ussge of this name hardly
seens warranted. In its type locality in Hew York the Onondaga is a
limestone, not a shile, and use of the name Onondaga to designate this
shale unit scme 400 miles from the type (nondaga limestone is not sdvisable.
The Needmore shale, on the other hand, is lithologleally like the shale
wdt in the Massanutten Range, and the name Noedmore shele will be used
for this lower formation of the Romney group in this dissertation,

idalts. The lower boundary of the Needmore shale is quite sharp; it 1s
drawn at the abrupt change from limestonss to gray-green shales. The
uper boundary is gradationel and will be discussed in more detail in the
section on the "Marcellus” shale below.

Charagter. The Needmore shale 1s in general a greenish or grayish-green
day shale, in most cases with only poorly developed fissility., Inter-
bedded with this shale are beds of similurly colored soft clsystone or
mudstone which is distinguished from the shaly materisl by the totel lack
of fissility and the greater thickness of the claystone layers. On weather-
ing, the Needmore rocks take on e pinkish or orange color and break down
into small chips.



At many places beds of black shale like that in the overlying
"arcellus” shale are found; some have thought this to be the typleal
unweathere! Heedmore shale, which has been described as a black shale which
is greenish-gray only vhere deeply weathered. These black shale sones can
be seen intorbedded with the more typieal greenish shales along Passage
Creek in Criszan FHollow however, and they are interpreted ss local layers
of black shale in the Needmore,

Distribution and thicknoss, The Needmore shale exposures are confined to
the synclinoe of the Mussanutten synelinorium. The thickness of the for.
mation is not known with any certainty; probably a good estimate, however,
would be 100 feet.

Topographically the lNeedmore shyie occurs in the lomgitudinal
valleys or "hollows" of the Massamutten Range. It 18 a weak roek, although
i1t 4s apparently more weather-resistant and hence better exposed than the
Bloomsburg formation a few hundred feet below,

Correlation and age. As was mentioned above, the FHesdmore shale is essen-
tially the unit deseribed by other authors as the Onondaga shale (Butts,
1940 Putts and Bdmundson, 1939). It is probably not equivalent to the
chort and limestone part of that formation dessribed from southwestern
Virginia, hovever., These latter lithologiss are equivalent to the Huat-
ersville chert of Tenmesses and are probably equivalent to the Schoharie
grit in the New York section (Dunbar, persomal commnication, 1952),
vhich underlies the Onondaga limestone. Treced mortheastward the Needmore
shale in Pemmsylvania is overlain by limestones called the Jslinsgrove
limestone: these limestones are protably a lateral facies equivalent of the
upper Needmore in Virginia, As was also mentioned above, the Needmore shale



is equivalent to the lower part of the lomney shale as origimally defined
by Darton and as nsed by Swarts in the 'assamutten Range.

The formation belonge to the lower part of the iiddle Devonian
Séries, to the Onesquethaw stage, also kmovn as the Onondsgan stage, “romi-

nent fossils include Phasops rams (Green), ‘latystoms limsatus Conrad, and

Origin. The Needmore shale represents an accumulation of fine muds svept
vestward from a landmass into the Appalachian trough, The presence of lime-
stones associated with these shales elsewhere in the Appalachians and the
axtrems fineness of the material in the shale itself are both indicative
of lack of grest relief, which would have given rise to coarser detritus
than these shales and claystones. The source area of the Needmore shale
was protably lecnted somewhsre in morthern Virginia, east of the Valley,
since detrital sediments desrease in abundance to the mortheast and eouth-
wvest, giving wvay to limestones and cherts indicative of clearer water,

"arcellus” shale

Name and previous usage. The mame 'arcellus shale was first used by James
Hall (1839, pp. 295-96) to designate the black shales between the Onondage
limestone below and the Vamilton shales above; the name is taken from e
town in Onondaga County, New York. Usage of the term in Virginia has been
more or less in line with this origimal definition, the nmame being applied
to the black shale sequence lying between the "Onondaga® shale below and
the Tanilton® formation above (Putts, 1940; Butts and Rdmundson, 1939;
Bevan ot al, 1938),



The original usage of the Marcellus shale in both NHew York and
Virginia wvae as & lithologie unit, In his classic paper on the Familton
group in Hew York, however, G. A. Cooper (1930) has shown that the black
ghales bolow the Mamilton-type litholegy are actually & facies and out
across the time boundaries. Cooper then redefines the 'arcellus as &
time-stratigraphic unit, comparable to a stage, wvhich is a subdivision of
8 still larger time-stratigrarhic unit, the familtom "group”. Thus the
revised definition of the 'arcellus by Cooper is quite different from the
original one, since the Marcellus "formmtion" of Cooper includes not only
blagk shales but gray siltstones and sandstones as well.

In Virginia, hovever, even the most recent papers on parts of the
Valley that imclude outcorope of the black shales sbove the Needmore shale
(onondage shale of older authors) have treated the )areellus as a formation
(1.0.5 & stratigraphic unit) rather than as a time-stratigraphie unit,
This is not the place to argue over the advisability of redefining the
Marcellus as has been done by Cooper, with the arparent implieation that
formations are time-stratigraphic units., The redefinition has been
accepted by a large proportion of Apralachian geologists, aprerently,
The lithologic unit called the Maresllus shale by sarlier workers is not
negessarily equivalent to the time-stratigraphic unmit ealled the arcellus
"formation” in Vew York and a great deal more work will have to be dome in
this part of the Appalachians before it can be said definitely vhat the
time-stratigraphie relationship betweon these two units is,

In the meantime the black shales above the Heodmore shale in
this ares remain & mappable lithologie unif, whether this unit is parellel
to or inclined to time boundaries, and it is difficult to see any reason
vhy such & unit should mot be classed as a formaticn, The application of



(]

the mame "mreellus® to this unit will certainly still load to confusion,
since there will be a strong tendemey to thimk of this unit as equivalent
to the Marcellus of New York, Unfortumately, no good section of this unit
is exposed in the Mount Jagkson quadrangle wiich might be used as a tyve
section from which the unit eould be mamed, In view of this defieciency,
the name 'mresllus will be retained, but when applied to the lithologie
unit in Virginia (and in meighboring states) the mame will be emelosed in
quotation marks,

Linits. The lower boundary of the "Marcellus” shale is drawn at the top
of the highest layer of alive- or greenish-cclored shale in the Romney
group. As has been explained in the preceding section, the Needmore shale
includes layers of blagk shale as well as those of the mormal gray-green
shale, and an arbitrary boundary between the two formations such as is
proposed hers appears to be necessary, The "Maresllus” shale is overlain
by the 'abantango formation into which it grades by increase in sandy
material, The boundery here is even more difficult to fix than the lower
boundary with the Neodmore shale, In mapping, drawing the boundary proved
to be quite impossible and, in addition, no measurable section of the
units involved was available se that mo satisfactory boundary, even an
arbitrary one, could be set. It may be suggested that the best method
wvoeuld be to place the top of the "Marcellus” shale at the bmse of the
lovest rusty siltstone or sandstone in the Rommey group.

Charagter. The "Marcellus® shale is a jet~black finely fissile shale in
fresh expogures of the formation, Uoth the bedding and the fissility of
the shale are largely concealed by the strongly developed cleavage in the
axisl portions of the synclines of the Mssamutten symelinoriwm, This



sequence of blagk shales is remarkably homogensous in character in the
Vount Jacksom quadrangle, although elsewhere in the Arpalachisns local
limestons lemses are reported from it.

On weathering, the shale takes onalight grey to almost white
eolory this blesching 1s only superfieial, however, and even thin weathered
chips of the shale have a gray to blaek imterior.

The black shales underlie the lovlands of Fort Valley in the
northern part of the 'mssanutten fange, They are poorly resistunt to
veathering, btut yield only a rather sterile soil, most of the farms in
Fort Valley lacking the prosperous appearence of the farms in fage and
Shenandoah Valleys.

Ddstribution and thickness. The "mroellus” shale is for the most part
confined to the synclines in the northern part of the 'assamutten syncli.

noriun, The formation is poorly exposed and grestly defomsd; no measure
of its thickness could be male, although & good estimate would probably
be 500 feot,

tially the same as the aresllus shale described by Butts (1940) amd by
Butts and Pdmundson (1939). It is included in the “ommey shals as origimily
defined by Darton and as later desoribed by Butts (1933) amd by F. M. Suarts
(Bevan et al, 1932),

These black shales presumably belong to the upper Middle Devonian
or Erian series, to the Casenovia stage (Cooper ot al, 1942), Tessils are
completely absent from exposures of the formation in the Yount Jsekson
quadrangle, or alse they have been so distorted by the deformation as to

be unrecognizable,
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Origin. The origin of the "mresllus’ shale presents somewhat of a problem,
The blagk coloring matter in the shale is prodably organis, yet ovidence
of the abuniant life that such a ecolor would seem to indicate are almost
comrletely lacking in the formstion and the fossils that are preserved
olsevhers in the same formation are all depauperate, Ioth the depeuperate
fauna and the abundance of organic matter would ssem to indieate deposition
in an oxygen-poor enviromment; the presemece loeally of pyrite in the shale
in other parts of the state would indieate a relatively sbundant supply of
pulfur compounds, in large part hydrogen sulfide, in the basin of deposi-
tion, All this evidence leads to the belief that the “arcellus" shale
wvas deposited in & basin of restricted deposition. The most commonly
suggooted enviromment is that of the lagoon, where mids laden with organie
material from the eontinental areas to the east are deposited and remsin
undisturbed by eireulation of the wmter of the lagoon, Such an enviromment
has been suggosted for the Mmreellus” shale by Dutts (1940, p. 492).
Another possible enviroment is tida) flats such as have boon deseribed
along the North fea coast of Gersany (Hantsschel, 1939, pp. 195-206) and
along the Baltie ccast (Twemhofel, 1915, pp. 272-80). Uo detailed evidence
for the origin of the formation could be found in the Yount Jackson quad-
rangle; the black shales were formed from accumulations of black orpganic
muds in essentially stagnant bodies of wster, tut the geographie relations
of this enviromment remain somewhat of a puszle. The suthor feels inclined
to consider the black shales as tidal flat deposits around the fromt of the
"Fanilton delta”, the main portion of which is represented in part by the
overlying formation,



Mabantango formation

Jang. The Mabantango formation was maned by Bredfosd Wlilard (1935, pe
from the North Branch of Mahantango Creek in Smyder and Juniata Counties,
Pennsylvania,

This formation is synomymous with the Muailton formation as mapped
and discussed by previous workers im the Valley (Putts, 1940) im Virginia
varyland, and Pennsylvenia, The Hamilton formation has been redefined by
Ge Ao Cooper (1930)to inelude that part of the Middle Devonian above the
Onondaga limestone in Now York, the type ares of the Hamilton, As such,
'mmmmmmmmrﬂmﬂuwm
lying Marcellus shale as woll., GSince the Familton and Mareellus of earlier
vorkers in Virginia vere considered to be distinet formations, it would
introduce & certain amount of confusion to continue using the mame Familton
formation in Virginia for only a part of the sequence which is correlative
with the Hamilton group in Few York, This possible gonfusion wes seen in
1935 by ¥Willand, wvho mamed the Mahantango formation for the purpose of
avoiding this confusion,

The name Hamilton formation, like the mame Marcellus shale, has
become fimaly intrenched im Virginia stretigrarhy; this, however, in itself
wvill not aveid the possible confusion mentioned sbove and for this reason
the name 'abantango formation will be used instead of Hamilton formation
in this dissertation.

Linits., The 'ahantango formation grades dowmard impercertibly into the

"arcollus® shale and no matural boundary between the two has been located,
Tt is suggested above, however, that the base of the 'mbantange formation
be drawn at the base of the lowest of the rusty-colored siltstones or sand-



stones in the Rommey growp.

Charagter. The ‘ahantange formation consists chiefly of darhegrey silty
shales and fine-grained sandstones, both of these for the most part regularly
and thinly bedded. The shales are similar to those in the "hrcellus”
shale belov and gradation of the 'ahantango dowmard into the "mroellus®
has made separate mapping of the two impossible in this quadrangle. The
sandstones are gemerally finely lamimated and quite hard; mineralogically
they are low-rank graywsckes, econsisting largely of quarts and darkecolored
rock fragments of slates and phyllites,

Distribution and thickness., The formation i3 limited to the Fort Valley in
the nmorthern part of the !'mssamutton fange. Fxposures are generally poor
and much weathered; but one good outerep of the formation does occur on
the east side of Passage Creeck whore it is crossed Ly State toad 678,

The top of the formation is absent, since the )ahamtango formation
is the youngest Paleozoic unit exposed in the quadranglej no estimate of
the thickness could be made.

In the Strasburg quadrangle to the northeast the sandy beds in
the )ahantango form low but prominent ridges; no such topographie expression
was found in the Mount Jackson quadrangle, however,

Correlation and age. The 'ahantango formation corresponds to the Hamilton
formation mapped by Butts and Pdwundson (1939). It 4s equiwvalent to the
upper part of the Mamilton group of Cooper in Vew York, elthough its exact
stratigraphie range in that group oould not be determined due to the general
absence of fossils,

The formation belongs to the Caszemovis stage of the Frian (Middle
Nevonian) series (Cooper ot al, 1942). Fossils are lacking in exposures
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of the formation in the Mount Jackson quadrangle; in the Strasburg quade
rangle to the northeast, however, the formation contains Mserospirifer
mucronatus (Castelnau), “terinea flabellum (Conred), and & mumber of other

forms,

Origin. The !abantango formation records the initial stages in an influx
of elastic material that culmimated in the late Devenian with the formation
of the Catskill delta deposits. These early sediments are of finer grain
than the later deposits, btut they represent an inorease in grain sise over
that of the linestones and shales of the late Silurian, Farly Devenian,
and early 'Mddle Nevonias. An eastern mource for this material is suggested
not by evidence within the Mount Jackson quadrangle but rather by the
decreagse in thickness of the fermation to the northwest. The imcrease in
detrital material 1s interpreted as a reflection of diastrophisa in its
initial stages in this oastuard source area; the souree of the material is
probably the rocks in the Martinsburg formation vhich lay to the east of
mmmm:-nwmummma
or near the end of the Ondovician; the guarts in the 'ahantangs may be
derived from the eastward extensions of the Yassamutten sandstons or from
the sandy beds within the Martinsburg formation.
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PALEOZOIC HISTORY

Sambrisn Poriod. The opening stages of the Cembwian Period came at the
end of or just following a peried of intense orogenic and voleanie activity.
The earliest Cambrian deposits ere thus composed of feldspar-rich detritus
and are interbedded with bassltic lavas south of the quadrangle., By late
Barly Csmbrian time, however, conditions bad become much quister and similar
conditions then prevailed through most of the rest of the Cambrian Period
and on into the Early Oprdoviecian. This time of tectonic quiescence was not
absolute , however, since minor movements from time to time bwought argill-
acecus sediments or even quarts sands into the seas in this area. Follow-
ing the Early Cembrian diastrophism, however, there is little or no
evidence of a landmass to the eest of the area covered by the Mount Jackson
quadrangle and such a landmass, if it were present, must have been topo-

graphicaelly very low.

Grdovician Peried. The Early Ordovician epoch was also a time of extreme
quiescence , the amount of detrital materisl present in the sediments
formed during this epoch being even less than that in most of the Cambrian
formations. This, however, was but the calm before the storm. At the
end of the Early Ordovician there was an apparently minor uplift to the
east. The effects of this uplift were slight, however, and the sediments
which followed it were again indicatlwe of shallow undisturbed marine
conditions. Uplift to the east of the Mount Jackson quadrangle is first
recorded at the start of the Hlack River age, when Hack muds were poured
into the seas in the eastern part of the area, During Black River time,
however, the effects of this uplift were fairly well limited to the east-

ern part of the quadrangle and 1t is only dwring the Trenton age that
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orogenic movement became sufficiently strong to spread the detrital
material farther west. In the Late Ordovician diastrophisa became even
more pronounced and by the Richmond age uplift had become pronounced
enough to affect directly the area here discussed. The detrital sediments
characteristic of this time were either eroded away from the area or

never deposited.

Sllurisn Peried. Although the amount of uplift within the quadrangle
roached ite maximum during the Late Ordovician, it had not decreased
sppreciably by the Early Silurian, when coarse sands and gravels were
being poured into the Appalachian trough in this area. The detritus was
added slowly enough to be well worked, however, and all but the most re-
sistant wminersls such as quarts were ground up and swept into the deeper
water to the weat. During the early part of the late Silurian, however,
the intensity of the orogeny had lessened somewhat and finer detritus
vas coming westward from the landmass to the east. In addition, the rate
of eroslon had lessened sufficlently for chemical weathering to produce an
sppreciable amount of rod material which was then swept into the ses to
form the red beds of the Hloomsburg formation. By the end of the period,
hovever, the amount of detritus being brought intec the sea was alight
enough to allow the formation of ergillacecus limestones, some rather
fossiliferous and indicating fairly clear water.

Davopian Pericd. To the west the Early Devonian was a time of fair sta-
bility, characterized by rather pure lime sands and muds and a large fauna.
These sediments are missing in the Mount Jackson quadrangle , however, and
the Early Devonian here was apparently a time of crustal unrest. It was
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followed by further deformation in the Middle Devonian, uplift to the
eagt once more pouring muds into the sees of this region. Uplift con-
tinued and increased in intensity in the late part of this epoch, the
sedinents thus bescoming courser upwerd and sastward.



STRUCTURAL GEOLOGY
INTRODUCTION

The Mount Jackson quadrangle is situated in s belt of folded
and faulted sedimentary rocks that extends from Newfoundland on the north
into Alabama on the south. This belt of deformed sedimentary rocks, to-
gether with the more highly deformed and metamorphosed belt of rocks bor-
dering it on the east and the less intensely deformed belt of sedimentary
rocks to the west, is known as the Appalachian Mounteln System., The belt
of folded and faulted sedimentary rocks im which the quadrangle lles is
known as the Ridge-and-Valley province or, sometimes, as the Folded
Appalachians,

The structural characteristics of this belt were recognised
as early as 1850; they were quite well summerized by J. D. Dana in 1883
(ppe 276-283) and even now only a little additionsl information can be
added:

"l. The courses of the flexures and of the outerops or
strike, and those of the grest faults, are approximately

northeasteseee

"2, The folds have their steepest alope igward the porth-
¥eut, or avay from the ocesl.eess

"3, The flexures are most mumerous and most crowded on
that side of the Appalachian reglon which 1s Loyapd the oceen,
and diminish westward.....

"4+ The consolidation and metemorphism of the strata are
more extensive and complete to the eastward.....than to the
wostvard.

u5, The change of bDituminous coal to anthracite, by the
expulsion of volatile ingredients, was most complete where
the disturbances were greatest -~ that is, in the more
eastern portions of the coal areas....."

Perhaps the most important addition to these structural charscteristics
of the Appalachian region is the recognition that many of the "great
faults" are very low-angle thrust faults.
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Reglonal changes in the structure of the Appalachisns consists
largely of the greater development of thrust-faulting in the Southern
Appalachisns, in Ceorgla, Alabama, Tennessee, and southwestern Virginia.

The classical theory of Appalachian struoture is one which has
grown up along with the increase in understanding of the structural
characteristics of the region. This theory, like the structurel chsracter
of the Appalachians, was set forth in essentially its present form by Dana
:lnm3 (WOM)I

"1, The movement.....vas due to lateral pressure, the
folding having taken place just as it might in paper or

cloth under a lateral or pushing movement."

"2+ The pressure was exerted st right angles to the
courses of the foldsSeeese”
"3« The pressure was exerted from the coean side of the

3 for the results in foldings and metamorphiam
are most marked towsrd the ocean."

Fore recently a somewhat different theory of orogeny, equally
applicable in the writer's opinion, has resulted from the study of the
structure of the Alps. This theory, commonly called gravitstional sliding
(1'ecoulement par gravite), ascribes the folds and overthrusts of the Alps
to large-scale siiding of the supra-crustal (sedimentary) rocks down
slopee with rather small inclinations. The force lnvelved is still a
compressionsl one, 8o that eimilar structures would be produced. In this
case, hovever, the structures formed in the sedimentary rocks would be a

mere by-product of a grester uplift.
PAGE VALLEY STRUCTURES
Introduction

Folding in the belt between the Blue Ridge and the Hassanutten
Range is more severe than in the other portions of the quadrangle that
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were mapped. Even so, the apparent deformation of the strata is not
striking and, compared to the structures east of the Blus Ridge, deformation
in Page Valley has been relatively mild.

The dip of the formations in Page Valley varies from normal to
overturned; in many cages, however, the normal and overturned strata are
separated by faults rather than by the axial plane of a fold. Butts (1933;
1940, ps 445) and Bdmundson (1945, plate 17) have noted that the strata
here show a preveiling dip to the southeast and these writers interpret
this as due to "a geries of small parsllel folds overturned to the north-
west® (Edwundson, 1945, pe 136). Fleldwork by the present writer has failed
to show such a series of overturned foldsin any of the stratigraphic unite
below the Edinburg formation. Formationa older than the Edinburg formation
appear to have boen deformed by fracture rather than by folding, although
this appearance is probably quite deceptive.

In general the structural picture 1s as follows: The strata in
the southeastern part of Page Valley, i.e., those bordering the Shemandoah
salient, are overturned and dip at various anglea to the east, southeast,
or south, In the sone east of the Masssnutten Range in the southern part
of the valley the Middle and Lower Ordovician carbonate formations are
in normal succession and dip to the northwest at angles of 30 to 80 degrees.
These normal strata are separated from the overtwrned ones to the east by
the Gpove Hill-Wewport fault., Between Leaksville and Hamburg the situation
is reversed. The New Market-Lincolnshire sequence is overturned, though
vith nearly verticel dips, in the west, wvhile the zone to the east is com-
posed of the seme formations with rather gentle normal dip to the west.
North of Hemburg a somewhet similar situation exists, although the explan~
ation of this structure differs somewhat from that of the structure between
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leaksville and Hamburg. In both cases there appears to be good evidence
for faulting,

"Hlue Hidge overthrust®

The term "Blue Ridge overthrust® is gemerslly apylied to a long
overthrust fault that forms the western boundsry of the Blue Ridge province.
This fault bas been sald by some authors (e.ge, Dunber, 1549, p. 286) to
extend "over 700 miles, from Alabema into Pennsylvania®. On the geologic
map of the Appalachian Valley in Virginia (Butts, 1933) the Blue Ridge
overthrust is shown as extending along the Blue Ridge front all the way
from the southern to the northern border of the state. In a later publi-
cation Butts describes this fault as follows (Butte, 1940, p. 440):

"One of the Main structures in the valley is a grest fault

extending far along the Blue Ridge, north of Rocnoke, pro~

bably its full length, and along the northwest froant of
the Tlue Ridge plateau southwest of Roancke."

The displacement along the fault is generally considered to be great.
Butts suggests that "the Valley rocks may extend southesstuerd beneath
parts of the Slue Ridge and the PFledmont" since "it is improbabile that
such great overthrusts &s that of the Montvale cove or that northwest of
Kountain City, Tennessee, are of just locul extent®.

This, then, is the "classicsl" concept of the sastern boundury of
the Ridge and Valley province. Much of it, unfortunately, is due to reglomal
rather than locsl geologic mapping, and henos much of it is im error for a
given local area like the Mount Jackson quadrangle. In many aress the west-
ern edge of the Blue Ridge province is bounded by & thrust fault; this has
been shown to bs the case in much of southwestern Virginia and eastern
Tennessee and, indeed, such is the case in the OStrasburg quadrangle just
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to the northeast of the Mount Jackson quadrangle. liear Limeton in the
Strasburg quadrangle, for instance, Precambrian granodiorite of the Dlue
iildge province has been thrust over the Beekmantown formation; simllar
relations undoubtedly ocour in many parts of the Hlue Ridge-ippalachian
Valley boundary in morthern Virginia. However, the fact that the 3lue
Ridge in southwestern Virginia is bordered on the west by a tirust fault
and that similar conditions exist in the Jtresburg quadrangle to the
northeast does not make the existence of a similar fault in the Mount
Jackson quadrangle a necessary conclusion,

Ko thrust fault along the western edge of the Hlue Ridge could
be found in the Mount Jackson quadrsngls, Exposures along Hickory Run,
which flows out of the Shenandoah salient of the Blue Ridge north of
Ingham, sre sufficlently complete to show the presence of such a fault
if 1t exiated between the Chilhowee group and the Cambro-Ordovician
linestones. A traverse along the creek falled to disclose the presence of
any faulting of magnitude comparable to that along the "Hlue Ridge over-
thrust®s In addition, no thrust fault has been mapped either by Edmundson
(1945) or by King (1943). The nearest approach to such a border fault in
this quadrangle is the Grove Hill-Newport fault which liee within the
limestone sequence to the west,

Crove Hill-lewport fault

In the Nount Jackson guadrangle the fault nearest the western
edge of the Blue Ridge actually lies about a mile west and northwest of
the mountain front and is confined to the Cambro-Ordovician limestons
ssquence, It is here named the Grove Hill-Newport fault from two local-
ities bearing those nsmes along the South Fork of the Shenmandoah River.
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About midway along its trace through the quadrangle the fault is interrupted
by the Stanley tear-fault, hence the use of a double nome.

Bocause of the thick cover of Page Valley gravel in the south-
sagtern part of the quadrangle the outerops of the fault are limited to
the stream valleys that cut down through this cover of alluvium., The fault
has been exposed in each of these walleys and it would seem fairly safe
to infer that it continues on under the grevel that covers the interfluves.

Inth-mthmmupm-orm'mumtmum
valley of an unnamed tributary that flows northward isito the South Fork
west of Crocked Rum., HNorth of here the fsult trace follows the tributary
valley; the Conococheague limestone in the western wall of the strean
valley dips 30° W and i1s in normul sequence; the eastern wall of the valley
is composed of much-sheared Elbrook formation which is here overturned,
Just east of the junction of the tributary with the South Fork this sheared
gone is exposed along the Norfolk and Western Rallroad, where it has a
traverse width of about 1500 feet, Thias sheared mone is guite a prominent
feature here: the strata are greatly contorted and dips of slmost any
magnitude and direction can be found; it is umually uncertain, however,
vhether the dip being measured is that of the bedding planes or of second=
ary cleavage, Dleformation takes the form of mumerous overturned isoclinal
folds in this exposure of the sheured mone., Across the river the fault
cen be located in the northern wall of the river vulley; here, however,
no shearing of any appreciable amount ocors and the fault is marked only
by a sone of btrececiation and by the sudden change in dip of the strata,

North of this point the fault lies buried beneath the Page Valley
gravel until the latter is sgain removed along the South Fork of the Shen-
andoah near the mouth of Cub Run east of St. Pauls Church, Just north of
the mouth of Cub Run, on the west side of the South Fork, the fault swrface



is exposed for a few hundred feet at the buse of a klippe separated from
the main part of the overthrust block by the river. The fault surface is
almost horigzontal at this loeality, with Conococheague liusstone thrust
wosbuard over Conococheague limestone. Strata in the footwall block have
been sheared umtil they have taken on the character of a platy limestone
that was originally mistaken for the Elbrpok formation. To the west of
this outarop the strata below the fault lie in normal succession with a dip
of 80° W.; those in the hanging-wall block, however, are overturned,. A
second klippe along the west side of the river ocours a few hundred yards
south of the power dam ("Massanutten Power Plant") and north of the first
klippe.

At the power plant the fault trace turns to the northeast and
probably becomes & tear fault with an almost vertical dip. However, the
overthrust plate bere 1s relatively thin and much of it has been removed
by erosion by the South Fork, so that the fault trace continues to
follow the river to & point beyond Honeyville, where it again disappears
beneath the Page Valley gravel.

Along the entire length of its outerop the Grove lHill-Newport
fault 1e a thrust fault, dipping to the east. The dip of the fault surface
ie variable: east of Grove Hill the dlp is probably rather steep, but
near Cub Run the dip is much gentler and at places it is almost flat.
Older rocks have been thrust over younger, but in all cases the difference
in age of the rocks in the hanging wall and in the foot wall is not great,

Stanley fault

More or less paralleling the northern edge of the Shensndoah
salient ia & rather poorly-exposed fault, called the Stanley fault by King
(1943)s This fault has & nearly vertical dip and a rather constant strike;



unilike the Crove Hill-Newport fault, its trace is not greatly altered by
the topography. Movement along the fault appears to have been horisontal,
the northern block having been moved to the west relative to the southern
block within the overthrust plate of the Grove Hill-Newport fault, However,
the Stanley fuult appears to extend beyond the latter fault and into the
footwall bloock. West of the Orove Hill-Newport fault the displacement
in the strata is in a direction opposite to that sast of the fault. These
differences in apparent displacement, strongly suggest that movement along
the Stanley fault was at least in part vertiesl, the northern fault block
having moved up with respect toc the southera block. A further difficulty
encountered in essuming horigontal displacement arises from the change in
direction of the fault as it passes beyond the western border of the Shen-
andosh salient. It would seem to be rather difficult for the fault to
"turn a corner" if movement were horizontal, whereas vertical movement
would not meet any such difficuliy.

If displacement along the Stanley fault has been vertioal, the
dip of the Grove Hill-Newport fault apparently beccmes less steep with
depth, thus accounting for the lowver dip of the fault gurface nesr Cub
fun than east of Crove Hill. Gince the dip of the strata in the overthrust
plate show a similar relation to the Stanley fault, it seems evident that
the fault is more or less paralleling the bedding of the formations; this,
of course, is not exactly correct, since the formation along the sole of
the Grove Hill-Newport fault at Cub flun is the Conococheague limestone,
vhile that east of Grove [ill is the Elltrook formation, Thus the Grove
Hill-Newport fault is ocutting across the bedding of the formations, but
probably at a low angles A aritieal exposure in this csse would be that
of the Grove Hill-Sewport fault near the Stanley fault; this area, however,
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north into quarry on South Fork south of U. C.

Hghway 211,

b. Cross-sectlon of Crove Hill-llewport fault north of

Cub ‘tun, lot to scale,

PLATE 30



is covered by several tens of feet of gravel,
Folds between lewport and Alma

Northeast of Newport the Mew Merket-Lincolnshire outercp belt,
which has followed a rather straight course northeastward from the southern
border of the quadrangle, makes a sharp swing to the east, then southeast,
and finally back to northeast again, Here is a pair of folds, an anti-
cline in the west and a syncline in the east, both of which plunge to the
northeast. The offects of these folds is not great and they cannot be
traced far either to the north or to the south, The folds ere asymetrical
to overturned, with the steeper limb of the anticline on the west and of
the synclines on the east,

¥ill Creek syncline

Structurally the Page Valley ares can be divided into two parts
along the line joining the towns of Alma and Stanley. The structures
south of this line have been in large part discussed above; the following
sections will describe for the most part structures north of this line,
On a large sonle the structures north of the line consist of two folds,
the Mill Creek ayncline on the east and the Leaksville anticline on the
west. These two major structures, oddly emough, are the least clearly
defined. They we much ccmplicated by minor feulting which affecta the
New Market-Lincolnshire sequence and, because of this, the faults are more
ecasily recognized. In time, if the upper Beokmantown can be broken into
smeller units, it may be possible to outline these major structures more
satisfactorily.

The syncline is for the most part covered by the Page Valley
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gravel within this quadrangle. It is best sxposed along State foad 633
southeast of Leaksville. This road crosses the axis of the gyneline a
fow hundred feet west of its junction with State Road 638, Dips along
the western limb of the fold are relatively gentle, on the order of 20°SE.
The eastern limb of the fold is quite steep, howsver, with dips ranging
from vertical to overturned (80° SE). The fold is confined to strata in
the upper and chert members of the Beelmantoun formation,

Leaksville anticline

The axis of the antieline to the west of the Mill Creek aynclie
passes about half & mile east of the tewm of leaksville, after which the
fold was named. It is somewhat better exposed then the syncline to the
east, but only the upper Seelmantown is exposed in both the eastern and
vestern limbs, making it difficult to map,

The anticline is asymmetrical , wvith the axial plane of the fold
dipping to the southeast aut an undetermined angle. A rather well-developed
joint set southwest of Hamburg shows a dip of 30° E, but it is rather
doubtfully relsted to the fold. Dips of beds along the western limb of
the fold range from 20-80° §E; on the eastern limb the dips are less,
averaging about 10-20° SE. The crest of the fold is rather road. The
antioline plunges to the northeast at about 15 degrees.

The western limb of the fold is complicated by faulting which
will be discussed in the following sections,

"River Bend" klippe

The name "River Bend" klippe is applied to this outlier for lack
of any other suitable neme, The klippe is located on a shayp bend in the
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South Fork of the Shenandoah north-northwest of Hamburg., The strata of
which the klippe is composed are of Farly and Middle Ordovician age,
including the Beskmantown, New Market, Lincolnshire, and Bdinburg formations.
These beds are overturned, with dips of 20-40° SE. Near the sastern edge
of the klippe, however, the beds become horizomtal, then begin to dip to
the northwest, having passed through a brosd open syncline.

Contact with the normal bedrock is exposed only along the eastern
edge of the outlier; it can be traced entirely across the msander from the
edge of the river on the north side to the river's edge on the south side
of the bend, West of the point of the meander the bedrock is hidden by stream
gravels and 1t is possible that the Mertinsburg formetion is also included
in the klippe.

Lithologically the strata in the klippe are identical with those
in the normal gection a few hundred yards to the east; the only difference
observed is in the thickness of the formations: both the New Market and
Lincolnshire limestones are thicker in the normal ssction than in the klippe
and the bagal member of the Edinburg formstion sppears to be sbsent in the
klippe. The source of this outlying block of limestones, dolamites, and
shales is somewhat of a problem, The only exposures of these formations
east of the klippe are in the normal section just to the east, and 1t is
diffioult to pleture any possible way in which these two sections could
be related. Vest of the klippe these formations are not exposed east of
the Massanutten Range. The only source for this block, then, would appear
to be a part of this Middle and Lower Ordovician sequence that has since
been entirely eroded. Thms, the synecline that lies to the southeast of
the klippe, beyond the edge of the guadrangle, must onoce have contained
beds of these formstions in addition to the Beelmantown formation now exposed



117

there. Similarly, the anticline wvhich has been described by Butte atill
farther to the east probably originally included these same formations.
However, no thrust fault has been mapped to the east of the klippe with the
exception of a rather amell one at Hamburg,

Interpretation of the origin of this klippe should, perhaps, be
left for a later section in this dissertation. liowever, since the inter-
preSation may make the whole structural picture in Fage Valley somewhat
clearer, it will be included here aa well. The klippe is thought to be an
“erratic block”, that 1s, a mass of rock that has broken off some higher
topographic feature and slid down into its present position., It is, essen-
tlally, a landslide block., Ita source may have been the overturned anti-
cline to the east which probably merked a topographic high before it was
so extensively eroded. The klippe muy have been derived from the over-
turned liub of this anticline, or the overturning of its stratigrephic
sequence may have occurred during its movement. There is some evidence
for an eastern source of the material besldes that of elimination of others.
The thickness of the Lincolnshire and New Merket limestones and of the
basal Hdinburg formetion are less in the klippe then in the normul se-
guence to the west, A decrease in thickness would be the expected change
to theeust, since this is the general change elsevhere in the quadrangle,

Leaksville<liamburg fault

The fault begine in the north in the velley of Mill Creek,
northwest of Hamburg, where it is marked by a brecciated zone in the north
wall of the creek velley., From this point the fuult follows e rather
straight course south-gouthwestuward to a point about one-half mile west of



leakeville , where it passes under the Page Velley gravel.

Along the entire trace of the fault the strata on the east are
in normal sequence, with dips of 20-80° NW, The strata west of the fault,
on the other hand, are overturned, with dips of 30-70° SE, Imn general
beds of the Edinburg formation on the east are in contact with those of the
Beelmantown formation west of the fault.

The leaksville~Hamburg fault probably dips to the east at a
high angle. A thrust feult dipping east at this position could bring
Beekmantown and Edinburg strata in contact, but the Beekmantown in this
case would be in the eastern block instead of in the western one, A fault
dipping to the west would fail to bring overturned and normal sequences
into contact.

A similar structure has recently been described by John Sanders
(1952) from Tennessee. Mr. Senders describes this feature as an over-
turned backthrust, A backthrust is a thrust fault in which the dip of
the fault plane is in the direction opposite to that of most of the thrust
faults in the region, Thuaj in the Appalachipns the large majority of the
thrust faults dip to the east; a backthrust in this region, then, would
dlp to the west. If such a backthrust were later subjected to folding
mwm.mn&smmummmmaut
would take on the appearance of a normal fault.

Structure in the Edinburg and Martinsburg formations

mmm&mmmummmmmm
formations in the Page Valley area and hence the structures developed in
them are likely to be more complex than those developed in the more competent
beds. In these formations overturned and even recumbent isoclinsl folds are
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comnon and rock cleavage in these strata 1s so well developed parallel

to the axial planes of the folds that the rocks are in many places alaty
in character. One such fold has been reported from this srea by Edmundson
(1945, plate III<b). The fold is exposed in & quarry in the Sdinburg for-
mation along the east bank of ths South Fork of the Shenandoah south of

Us 5S¢ Bighway 211, The Fdinburg formation here is composed largely of thin-
to thick~bedded argillaceocus limestones; it has been folded into a relatively
small recumbent anticline that is overturned to the west (Plate 30). At
the west end of the quarry face a minor thrust (1) fault is also exposed
in the Edinburg formation. The fault dips about 30° Wj; the hanging-wall
block appears %o have moved down, This may be = klippe like that northwest
of Hamburg, but no additional evidence was available.

Minor faulting in the Edinburg formetion is also exposed along
Virginia Highway 12 west of Alma, vhere several west-dipping feults ere
axposed along the road.

Overturned isoclinal folds appesr to be oven more common in the
Martingburg formation, Along Cub Run, wvhere almost complete exposures can
be seen for half a mile west of the top of the Lincolnshire formstion, the
Martinsburg formation shows & verdety of dips, all of them very steep, and
it is impossible to measure a complote seotion of the formation here.

MASSARUTTEN SYNCLINCRIUM
Introduction

The term gynelinorium was first introduced by James D. Danaj 1ts
original usage vas somewhat different from the general present usage and
1% will probably be of scme interest if we refer to this original usage of
the term before proceeding any further in its present ussge. In 1880 Dama



included the Pollowing statement in the third editiom of his )amual of

Geology (p. £21):

"The mountain begun in & geosynclimal, and ending in
m._umw . me;.

manummﬂ
vavas

Thus, in the original meaning, the entire Appalachian mountain systen
would be considered a synelinorium, Since Dama's time, however, the term
has undergone & considerable change in meaning, a change which sooms to be
characteristie of geologic terminology. Thus P4llings (1942, p. 51) dew-
fines a synclinorium as "a large syncline that is composed of many smaller
folde®. Similar definitions are given by Newin (1942, p. 33), lshee (1941,
pe 168), and other American geslogists without any reference to the origimal
usage of the temm,

Tdeally it might be better to revert to the origimal usage of the
term and use instead the term "composite symcline® for the structure here
reforred to, However, definitions of the type given by Rillings have been
more or less completely accepted by geologista for the past severnl deecades
and not much would be gained by ueing the term "synclinoriun® according to
the original definition.

The exact delimitation of the 'assamutten synclinorium is some-
vhat difficult, Trrevious workers have tended to draw its outer boundaries
at the btase of the island-like mass of Martinsburg shele sying in the
Valley of Virginia west of the Dlue Ridge, Others seem to have included
in the synoclinorium the ridges of the 'mssamutten Range and the Valleys
between them, lNeither of these definitionms, however, is quite acceptabls,
The term " * is & structural term and as such should not be
given either stratigraphic or topographic boundaries, If, for imstance,



Short Vountain, the western ridge of the range, is included in the synclin.
orfun, will it not be necessary to ineclude as well that portion of the
Short Moumtain syncline that lies south of U, 3, Highway 2117 The term
¥assanutten syncline ussd by Butts (1940, pr. 443-44) and by fdmundson (1945)
does not arpear to be applied to either the Indless Caverns anticline or to
the Saith Creek syneline, both of vhich are southwand sontimations of
structures within the ‘massmutten Range which these authors arvear to aceept
as part of the 'mssamtten syneline,

As used in this report, the term 'assamutten synclimorium will be
limited to three f5lds: the Catherine-Duncan syneline, the Vorgan-Catback
antioline, and the Pitt Spring-Crisman syncline, Topographically it will
be restricted to the belt between the east slopes of 'mesanutten and First
Mountains on the southeast and the west slopes of Ferns and ‘masamutten
Mountains on the northwost,

The Masssmutten synclinorium presents a peculiarly interesting
area for study in that it contains formations as young as Middle Devonian
farther oast - that ig, nearer the Dlue Tidge - than any other area of
outerop in the entire region, Structurmally as well the synelinmorium presents
some intaresting problems., As early as 1835 Willias Barton Rogers recog-
nized the significance of the area when he wrote that



e simple one was commonly held and Putts (1940, ppe 443-44) describes the
structure &s a syneline, saying that "it has not been possible on any of
the traverses across the symeline outside of ‘assanmtien !ountain to
logate the axis of the overturmed syneline or the axial plane of divieion
betveen the northwest and southeast limbs." Darlier in this psame seetion,
however, Putts shows that he recognises the symcline as not being a simple
ons: "the syneline 1s not & single symetrical trough but is affected by
several subordinate antielines and synclines"®,

As 13 often found to be true of geclogie work im the Appalachian
Valley and elsevhere, the earlier workers seem to have had a clearer con-
coption of the situation than the more recent workers. The deseription of
the structure by fogers (1238) is well worth quoting in this respect:

aiais Tiach Teing ia e Sowh e e

The impression seems to have prevailed, nevertbeless, that the
structure wig nothing more tham a simple syncline somewhat complicated by
minor folding. This is probably dus to the fact that from most of the
highways near these mountains the range looks more like a single ridge
then a group of ridges and it is only after entering the runge itself that
the actual state of affairs becomss evident. That this has too often been



the case may be seen from the above excerpts from the work of Willis and
Butts, in which they spesk of a mountain, not of mountains.

The syneclinorium, then, is composed of two synolines and an
anticline. In addition, the structure in the northern part of the syn-
clinorium is complicated by thrust-faulting, and between the northern
and southern parte of the synclinorium is an antiocline at New Market Gap.

Catherine-Duncan syncline

The oasternmost fold of the synelinorium is the Catherine-Duncen
syncline, so named from Catherine Furnace and Duncan Hollow which are
situated along the axlal trace of the ayncline.

The syncline is isoclinal or nearly so, with overturning to the
northwest. The general dip of both limbs of the fold is 70° S5E, while
the general trend of the fold axis is N 35° K, parallel to the regional
trend of the other structures within the Mount Jackson gquadrangle. The
overturned iscclinal character of the fold is most easily seen in the
southern part of the ayncline, southwest of Nountain Run, where nelther
of the limbs of the fold has been disrupted by faulting. NHortheast of
Mountain Run, however, the eastern limb of the fold has been broken by a
reverse fault, the Massanutten Mountain fault, which will be discussed
below, The most competent and most resistant formation included in the
fold is the Massanutten sandstone; it is the attitude of this formation
that makes the isoclinal character of the synucline most conspicuous. In
the northern part of the syncline the Massanutten saundstone on the inverted
1imb of the fold has been largely removed by faulting, and hence evidence
for the isoclinal character of the fold is somewhbat obscured. The sireta
of the weaker Bloomsburg formation are in overturned sequence here, however,
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vith a dip of about 60° SE, so that we are here dealing with the same type
of fold as is found southwest of Mountain Run,

mmnammmmmmrm-mﬁnqmum
fined to strate ranging from Upper Ordovician to lower Middle Devonlan,
that 1s, from the Martinsburg formation to the Needwore shale. There is
some possibility that the "Marcellus" shale slso is present here, but it
seens more likely that these black shales are a local development in the
Heedmore shale., Northeast of Mountein Run the syncline beccues deeper
and vider; near the northern edge of the quadrangle the "Marcellus" shale
and the Mahantango formation appesr along the axls of the fold.

Horthesst of Catherine Furnace the southeastern part of the fold
is complicated by the presence of a minor anticline involving the Hassa~-
nutten sandstons and the Sloomsburg formation and possibly even younger
formations as well., This minor fold parallels the trend of the main
aynoline and is expressed mainly by a tongue-like projection of the Massa-
nutten sandstons southwestwerd from the eastern limb of the main syncline
northeast of Roaring Run,

Near Mountsin Run the fold is separated into two parts by the
New Market @ap cross-anticline. To the northeast of this eross-enticline
the ayncline plunges to the northeast; to the southwest, it pluages to the
southwest, The syncline appears to reach its deepest point (stratigraphi-
eally, its highest point) in the southern part of the fold wlong s cross
axis paralleling Pitt Spring and Cub Runs.

Cleavage is generally well deweloped along the trough of the
synoline, with dips of 60-70° Si, thus paralleling the dip of the limbs
and axisl plane of the fold. In the center of the syncline this cleavage
is confined to the strata younger than the Catherine limestons, i.e., to
the Romney group. It also occurs in the Mertinsburg formation along the



flanks of the fold and in New Merket Gap. At most places in the Rommey
group the cleavage makes an appreciable angle with the bedding, since the
strata along the trough line of the syncline have gentler dips than those
along the linbs of the folds. In those same beds the cleavage ie generally
beotter displayed then the bedding. In the Martinsburg formstion on the
flanks of the fold, on the other hand, the bedding and cleavage are nearly
or quite parallel.

Topographic expression of the syncline is quite marked, as
might be expected of a syncline that includes a resistant formation such
aa the Massanutten sandstone. The syncline takes the topographic form
of two U-shaped valeys, one to the southwest of Mountain Run (Catherine
Hollow) and the other to the northeast (Duncan Hollow). These valleys
are in line vith one another and are bounded on either side by ridges
of Massanutten sandastons which converge as New Market Gap is approached.
Reflecting the plunge of the syncline sway from the New Market Gap cross—
anticline, the wvalleys decrease in altitude and increase in width north-
east and southwest of Mountain Run, Within the two valleys any topo-
graphic expression of minor differences in lithology is masked by the
large amount of sliderock from the sandstone ridges on either side. The
minor anticline northeast of Catherine Furnace, however, forms a small
interrupted ridge owing to the presence in the fold of the Massamutten
sendstone.

Massanutten Mountain fault

The eastern ridge of the Massanutten Range north of Few Market
Gap is called Massanutten Mountainy 1t is formed of & thrust block of
Massanutten sandstone, The plane of this thrust fault dips steeply to the
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east and 1s probably slightly steeper than the axisl plane of the Catherine-
Duncan syncline to the west. The hanging-wall block contains strata be-
longing to the Hloomsburg and Martinsburg formations as well as to the
Hagssunutton and Cub sandstones. The footwall block of the fault, where
exposed, consists of the iloomsburg formation in most places, although
locally beds of the Massanutten sandstone also are imcluded.

The fault is not well exposed and in general the eastern ridge
of the runge along which the fault ocours is rather inaccessible except
vhere it is crossed by the Durners Gap truil and by the road from Fort
Valley to Luray. In most places the position of the fault is cbscured
by sliderock from the Massunmutten sandstone; in addition, & thick cover
of rhododendron and mountain lawrel make it almost impossible to see an
outerop from a distance of more than a few feet.

At Bwrners Gap the presence of a fault is quite evident, although
the trece of the fault itself is probably not exposed. At the top of the
ridge, beds of red sandstone belonging to the Blocmsburg formation are
exposed; the dip of theses beds is 60° SE, the formation here lying on the
overturned limb of the syneclime. If the sequence wers unbroken, these red
sandstones would appeer to be overlain by white sandstones which would
hgve a similarly overturned relation. In golng east from the crest of the
ridge, bowever, the Dloomsgburg strata at the top of the ridge are followed
by a short covered interval, then by beds of red sandetons dipping to the
northwest. DBelow these lie the wbite Massanutten sandstones in normal
succeasion, overlying the Cub sandstons., The Dloomsburg beds exposed at
the crest of the ridge are slickensided and it seems probable that the
surface of the fault is closely parallel to these red sandstones. Hlooma-
burg and Massanutten strata have here been thrust wpward from & position



o

tructure

saehbion at

tructure section near l'ort

~ 4

™Mivmore |
LUl o

1 ovr=T urayw

‘oad



PLATE 32

Shenandoah®, ]
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A. Cross-section showing interpretation of Leaksville-
Hamburg fault as an overturned backthrust. Hot to
scale
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b. Series of northwest-southeast sections from Strickler
Knob northward, showing the gradual elimination of the
eastern ridge by faulting, Northernmost section to the

left.



east of the trough of the Catherine-Duncan gyacline snd have thus been

brought inte Jjuxtaposition with the overturned sequence farther up on the
eastern linb of the fold. This interpretation is shown diagrammetdcally
in Plate 31.

On the road leading eastward from Fort Valley to Luray additional
evidence for fuulting slong the eastern ridge of the range can be sesn.
iAs the road olimbs up the western slope of Massanutten Mountain the strata
can be seen dipping to the southeast; this is the overtwrned limb of the
synoline. The beds exposed in these cuts include both the Hlocmsburg and
Massanutten formations in overturned sequence., At the very top of the
ridge there are no outcarops, tut along the eastern alope the Massanutten
sendstone ls again exposed. Hore, however, the strata dip to the north-
west and are underlain in normal sequencs by the Cub sendstons and the
Fartinsburg formstion, The structural relations here are analogous to
those &t Burners Gap, but the displacement here is greater than farther
south (Plate 31).

Some evidence for feulting can be gained from the topography of
the mountain, especially st its southern end neer Strickler Knob, The
two ridges that occur east and west of Crisman Hollow are compesed of the
Massgnutten sandstone. As they are followed to the southwest they converge
as the New Market Gap cross-anticline is approached. The western of these
two ridges extends boyond their junction, however, while near thelr junction
the eastern ridge loses its distinetness and gives wuy to a more or less
flut erea where the two ridges jolm, this flat sres being dominated by
the western ridge. lere the west-dipping Masssnutten sandstone in the
hanging-wall block of the fault has been removed Ly ercsion; the flat area
below the western ridge is underlain Ly the Massanutten sandstons in the
trough of the syncline. (See Plate 32).
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A similar structure apparently existe in the Strasburg quadrangle,
to the northeast, where the eastern ridge of the range appears to be double;
this double character of the ridge is probably due to thrust faulting simi-
lar to that in the Mount Jackson quadrangle.

Morgan - Catback anticline

The Morgen-Catback anticline is the middle fold of the Massanutten
aynelinorium, lying between the Catherine-Duncan syncline to the eest and
the Pitt Spring-Crisman syncline to the west. The fold 1s nemed after
Catback Mountain in the northern part of the Massanutten Range and Morgan
Knob in the southern part of the range.

The oldest strata exposed in the core of the fold belong to the
Martinsburg formation. . The flanks of the fold are composed of the Massa-
nutten sandstone and the Bloomsburg formstion,

In one respect, at least, this anticline differs quite redigally
from the normal Appalachian fold. The dip of the strata along the eastern
1limb of the anticline 1s about 65° SE; that of the beds along the western
1dmb, 35-40° NW. The fold is thus asymmetrical , not an uncommon feature
in the Appalachians; however, in this cage the axiel plane of the fold dips
to the northwest, not to the southeast as in the great majority of
Appalachian folds. This asysmetry of the fold is indicated not only by
the dip of the limbs of the fold, but also by the topography. Perhaps
the best topographic expression of this asymmetry is seen in Catback
Mountsin, an anticlinal mountain, in which the slope of the southeast side
is noticeably steeper than that of the northwest side. The asymsetry of
this fold can be seen not only in the northern part of the range, but also
south of New Market Gep and along U, S. Highway 211 as well., Examples of



the dip of the limbs of the fold are given below:

SE 1li=mb N limb
Koonts Hollow 70 8& 20 MWW
Pitt Spring Run 90 8B 40 B
Us 8. 21 50 SE 35 W
South of Duncan Knob 60 82 30 N
Fort Valley 40 88 30 NW

In addition, s single measurement of the altitude of cleavsge in the
Martinsburg formation within the fold gives a strike of N 30° E and a
dip of 80° NW; this is probably at least indicative of the dip of the
axial plane of the anticline,

Topographically the anticline is marked by the central ridge
or ridges of the Massanutten Range, In the southern part of the renge
the antloline forms a single ridge, broken intermittently by water gaps,
that extends from the southern edge of the map northward to beyond the
gorge of Pitt Spring Run. Beyond that point the Massanutten sandstone
hag been breached by erosion and the weaker Martinsburg formation below
has been cut into an anticlinal valley, bordered on the southeast and
northwest by ridges of lasssnutten sandstons, In the northern part of the
range the antiocline is also marked by & walley carved in the Martinsburg
formation as far north as Duncan Knob, beyond which the Massanutten send-
astone along the crest of the fold has not been eroded, Farther north
the anticline is followed by Catimck Mountain, an anticlinal mountain
whose long slope to the northeast is a reflection of the plunge of the
anticline in that direction.

A section completely across the anticline is rather well exposed
in the gorge by which Pitt Spring Run reaches Cub Eun in the southern part
of the range. Another section across the anticlioe can be seen along
Us 8. Highway 211, although the only indication of the fold here is in the
change in dip of the Martinsburg formation,



Pitt Spring - Crissan synoline

The Pitt Spring-Crismen syncline is the westermmost fold in the
synclinoriwm; it takes its name from Pitt Spring at the western end of the
Pitt Spring Rum gorge in the southern purt of the raunge and from Crisman
Hollow north of New Market Gap. The fold is a simple one in the southern
part, but north of the gap it is complicated by minor folding and thrust
faulting.

The dip of the strata along the eastern liub of the fold is
20=45° KW at most places north and south of New Market Gap., The western
1liub, however, shows a somewhat more unususl character. In the northern
part of the range the dip of the strata in the western limb is in many
places greater than that of the sastern limb, indicating that at least
locslly the axial plane dips to the northwest; this relation, however, is
not as consistent as in the anticline on the east, South of New Market
Gap, however, and more particulsrly south of Bird Knob, the dip of the
western limb is considerably greater than that of the eastern limb, South-
ward from the power line erossing southeast of Endless Caverns the strata
pass from verticel to overturned, with dips of 45-75° NW not uncommon, East
of Athlone the strata of the western limb are once more in normal sequence,

The plunge of the eyncline is related to the New Market Gap
cross-anticline; north of the gap the plunge of the fold is 15° HE and
south of the gap, 10° SN,

Topographically the ayncline is represented by a walley or
"hollow" northeast and southwest of New Market Gap: as in the case of the
eastern syncline the valleys are bordered by ridges composed of Massanutten
sandstone and as the gap is approached from the north or south the ridges



converge. Colncidentally with this convergence the elevation of the
valley floor increases until the bordering ridges have converged inte
a single ridge, a synclinal mountain, At the gap this syneclinal mountain
bas been broken by erosion,

Like the eastern syncline, the Pitt Spring-Crisman syncline
includes strata as high as the Mahantengo formation north of the gap and
as high as the Needmore shale south of the gap.

Passage (reek fault

The Passage Oreek fault is named after Passage Creek in the
northern part of the Massanutten Range, along which it is best exposed.
The fault separates beds of the Massanutten sandstone from younger beds
along most of its length, the Massanutten sandstones lying along the fault
in the hanging-wall block, The fault dips to the east at a rather steep
angle.

The fault represents a broken minor antiecline branching off the
Morgan~Catback anticline; the crest of the anticline has been cut out by
the faulting.

Moreland Gap folds

Southeast of Moreland Gap, in the northern part of the Massanutten
Range , the Pitt Spring-Urisman syncline is complicated by a subsidiary
anticline that plunges to the northeast away from the gap. Between this
anticline and the western ridge in the synclinorium (Bowman Mountain)
lies a minor syncline that contains strata of the Bloomsburg formation.
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How Market Gap cross-~fold

The aross-fold at New Merket Cap is a rather broad upwarp along
an axls trending about N 30° W, The upwarp affects all three of the major
folds in the synclinorium, bub none of its effects can be detected in
structures %o the east or west of the synclinorium, In effect this is a
"eulmination® (Billings, 1942, p. 49).

The effects of the cross~fold can be seen best in the topography.
The highest poinis reached by the Massanutten sandstone slong the axial
planes of the folds in the synclinorium will lie along the crest of thies
cross-fold, This structural elevation has made the Massanutten sandstone
here more subject %o erosion than elsewhere and it is thus along this lime
that the Massanutten sandstone has been removed by erosion, exposing the

veaker Martinsburg formation below and producing a topographic low at New
Mk.tu‘po

SHENANDOAE VALLEY STRUCTURES

indless Caverns-iiyden Spring anticline

The Endless Caveras-ilyden Spring anticline lies just to the

vest of the Massamutten synclinorium, Some authors appesr to consider it

a part of this aynclinorium, but some evidence derived from the present
work make it more logical to consider the fold as separate from the syn-
celinorium. One good reason for this usage is the behavior of the anticline
at the point where it is crossed by the axis of the New Merket Cap cross-
fold: whereas the folds included in the synclinorium plunge awsy from this
eross-fold, the Endless Caverns-fiyden Spring anticline is unaffected by it
and continues its northward plunge across the entire quadrangle. In addition,
the folds in the synclinorium ere generally fairly tight folds and relatively
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narrov, whereas this anticline is a twroad one, Finally, faulting within
the synclinorium is of the high-angle reverse type and is not of great
areal extent, The Endless Caverns-fiyden Spring anticline, on the other
hand, is broken by a low-angle thrust fault (ILincoln Hill) which is rether
important areslly.

The name of the anticline is taken from Endless Caverns south-
west of the town of lNew Market and from Hyden Spring in the walley between.
Short Mountain end Kerns Mountain, Both of these locelities lie on the
exial trace of the fold. The double name is used because of the apparent
(not real) absence of the fold between Badless Caverns and Hyden Spring.
Actually the cutlines of the fold are reflected in the attitude of the
Martinsburg formetion between these two pointa.

The cldest formation exposed in the core of the anticline is
the Conosocheague limestone, the upper 600 to 700 feet of which are brought
to the surface. The youngest beds involved in the fold belong to the
New Market and Lincolnshire limestones.

Being situated just to the west of the Massanutten Range, the
eastern limb of the fold is not well exposed because of the rather thick
deMMMtM”WMQ%m&
Like most of the folds in the erea, this anticline is asymmetrical, with
the axial plans of the fold dipping to the southeasst. Dips on the sastern
limb average about 50-60° SB; along the western limb, however, the beds
are locally overturned southwest of Endless Caverns and in gensral dip more
steeply then the strata on the eastern limb,

The western limb of the anticline is broken at %wo horisons by
reverse faulte, the "Staunton" fault to the east and the Lineoln Hill
fault to the west. In addition to these reverse faults, the anticline is
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complicated by severcl small folds slong the western linb, Cnly a few of
these folds are large enough to show on & geologic map, but in addition
there are inmmbrable smsller folds that serve to still further confuse
the pieture. This is especially true in the vicinity of the faults. In
most casges the minor folds plunge to the north parallel to the plunge of
the main anticline. One notable exception to this was mapped northeast
of lincoln Hill, however.

"Staunton" fault

On the Geologic Map of the Appalachian Valley in Virginia (Buttas,
1933) the Steunton fault is shown as terminsting in the north in the End-
less Caverns-fiyden Spring anticline. In the present work a thrust fault
has been mapped in the approximste position shown by Butts; whether this
thrust foult or another one to the west is actually the Steunton overthrust,
bowever, will have to be decided by work now in progress in the Harrison-
burg quadrangle to the southwest. Following the usage of Butts, the fault
noarest the crest of the Endless Caverns-fyden Spring anticline will be
called the Staunton fault, though in this case it might be wiser if the
psme were inclosed in quotation marke as has been done above.

Adtdtude of the fauli. No good exposure of the fault wes found in the
Kount Jackson quadrangle; the nearest approach to such an exposure was
found elong State Road 807 at the south end of Phillips Hill. [ere is
exposed a small area of black limestone, probebly part of the Beekmantown
formetion, which has been sheared and the shear fractures later filled with
white caloite. The exposure is located ot about the point where the fault
crosses the road, since outarops of the Conococheague limestone occur some
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yards to the east and the Heelmantown formation 1s exposed just to the west,
The shearing, if it did not oceur along the fault, is at least clossly re-
lated %o 1t.

A second possible exposure of the fault occurs along State Road
798 between Bielers School and Union Chapel, both of which have been
converted into farm houses esince the base map was made. A chert sone was
found at this point in the bank on the north side of the road; the dip of
this chert layer is about 45° SE and it may represent a silicified zone
along the fault, The exposure here, like the one at the south end of Fhillips
Hill, is rather poore.

Becuuse of the absence of good exposures of
the fault itself, mapping of the fault was bused entirely on stratigraphic
eriteria., As can be seen from the map, the fault along most of its length
ssparates the Conococheague limestone in the hanging wall block from the
Beelkmantown formation in the footwmll block. lortheastward the displace-
ment along the feult bescomes less and at its northesst end the fault is
confined to the Beelmantéwn formation. ZIven in the southwest, however,
the displacement probably is no more than 700 %o 1000 feet.

The strata to the east and to the west of the fault are in normal
succession, those in the hanging wall (eastern) block dipping to the east
and those in the footwall block dipping to the west, The fault also has
an eastward dip and is more or less parallel to the dip of the strata in
the hanging wall bloock.

lLineoln Hill fault

The Lincoln Hill feult is similar to the "Staunton® fault which
lies to the east of it inm that it cuts the Endless Caverns-iiyden Spring
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anticline. Beyond this point, however, almost all similarities between the
two cease, HNorthwerd the faull can bs traced as for as the entrance road
to Endless Caverns, about three&s ahalf miles south of New Market, where
the sheared sone generally assoclated with this fault is exposed slong the
road west of Smith Creek. Southward the trace of the fault roughly parallels
the course of the stream, lying to the west of thet stream from the Endless
Caverns road to the north end of Lincoln Hill. Along the west front of
Lincoln Hill, which is situsted to the southeast of Tenth Legion and after
which the fault was nemed, the fault trace lies along the east side of the
stresm and follows it very closely for about one-half mile south of the hill.
fere the stream cowrse shifts to the west and the outorop of the fault con-
tinues in a generally south-southwest direction,

Structursl relationg. The dip of the fault is variable, In moat localities
the fault dips to the southeast; the angle of dip ranges between 30 and 60
degrees, lLocally, however, north of Lincoln Hill the fault appears to be
vertical or even to dip to the weet atl a steep angle, The generslly low
southeast dip is indicated quits well by the mammer in which the trace of
the fault is affected by the topogrsphy south of Lineoln Hill.
Throughout wost of ite length the fault is marked by a well~
developed zone of shearing thet reaches o maximum thickness of 500 to 700
feet along State Road 798 at the north end of Linceln Hill. At this point
the road reaches the velley of Smith Creek by weans of a rather long cut
in the eastern valley wall and a good exposure of the sheared sone can be
scen in thip out., Drecclation along the fault, as indicated by the pre-
sence of angulsr fragmental material, is minor. For the most part the
rocks, generally shaly limestones or shales, have been altered to a shaly
appearance , the slabs of which ere generally 1/2 to 1-1/2 inches thick.



In addition, thicker layers of orystalline ecaleite are present and lie
rarallel to the shear planes. Occesiomal blocks of thicker-bedded lime-
atone are also present and probably represent thicker, more competont beda
in the sheared rock.

Stretigraphic relations. uithis the Vount Jackson quadrangle the fault is
not well marked stratigraphically, although southwest of this area stratie
graphie eriteria are clearer, Vorth of Lincoln 1ill the Fdinburg formation
has been thrust over the Martinsburg formation and the only stratigrarhic
evidence of any offset is the absence of the Oranda formation, South of
the north end of the hill, however, the Orands formation is present and
for the remainder of its outorop in the quadrangle the fault is confined teo
the '‘artinsburg formation,

Relation to folding. The lineoln Rill fault breaks scross the overturned
beds in the western limd of the Fndless Caverns-Hydem Spring antieline
about alfvay between the erest of this fold and the trough of the smymeline
to the west. OJuring the Appalachian revolution the beds of the syneline
vere deformed into an overturned syncline which, with further aprliecation
of compression, broke alony the overturned limb, along & zons where shearing
stress reached & maximum, Before such a breakage eould osccur, however,
the Pdinburg and Martinsburg formations above the shear some were greatly
deformed, The dip of these formations is now apparently to the casty how
ever, closer exanimation reveals that they have been thrown into a series
of isocliral folds, thus acecounting for the greatly increased thickness of
the Piinburg formation east of the fault, The two formations are notably
ingompetent and such deformation and thickening of the units was necessary
before they could be capable of transmitting the compressiomal stress and



thus be thrust westward over the stratigraphically higher beds. To this
pro-faulting epoch of isoclimal folding in the Fdirdurg formation the
anomlous minor fold in the New Market and Lincolnshire limestones east of
Lingoln Eill may be aseribed.

A seeond possible origin for this fold is as a drag fold of sonse
vhat abnormal sharacter. As noted above, the fault north of ILinsoln Hill
cuts out the Oranda formation; south of the morth end of the hill, however,
the Oranda is present. Thus 1t appears that the displacement north of the
hill is greater than that along the fromt of the hill or south of it.
Because of this greater displacement the formations must make a sharp swing
to the vest at the north end of the hill.

Topographic expression. In general the trace of the fault is marked by a
sone of weakness, as would be expected along a fault characterized by o
proninent sheared sone, Along most of its length the outerop of the fault
is followed by a series of valleys. Along the fromt of Lincola Hill the
valley is occupied by OSmith Creek, but southwestwurd and northeastward the
streams in this favlt-line valley are minor tributaries to Smith Creek,

Linooln Hill itself represents o rather peculiar topographic
expression of the fault, The hill is ecomposed of Mrtinsburg shale, a
weak rock that mormelly forws lowland areas throughout the rest of the
quadrangle, Apparently the shearing at the base of the hanging well block
was ascompanied by loeal silieification or caleifieation, in either case
inoreasing the resistance of the rock to erosion, A second hill lying to
the east of the fault is located on the west side of Snith Creek about half
a mile south of Pairview Chureh. In this case the hill is composed of beds
of the Fdinturg formation, tut its resistance to erosion reflects causes
sinilar to those in the case of Lincoln Hill.



Jelation to the IJtaunton faulg. Along most of its outerop southwest of
the ount Juckson quadrangle the fStaunton fault appears to be a relatively
low-angle thrust fault of the type commonly ealled an overthrust in the
Arpalechians. In Geclogy af the iprelsshisn Valley in Virginia (butts, 194,
fig. 8) the Staunton fault in the Harrisomburg quadrangle southwest of the
arsa here discussed is showm as being associated with an overtwrned fold.
Elsevhare in the Valley southeast of this area windous have been eroded
through the hanging wall block of the Staunton fault and outliers of this
block have besn separated from the maim thrust mass by erosion: such festures
aro charmcteristie of & rather low dip of the foult, The feult mapped in
the Hount Jackson quadrangle as the Ttaunton fault by Putts ("Staumton®
fault of this paper) does not correspond well to the deseription above,
On the other hand, all the features mamed might be rolated to the Lineoln
{1l fault, which is a low angle thrust fault associated with an overturnsd
fold,

Traoced southwestward into the Harrisonburg quadrangle, the
Lineoln Hill and Staunton faults appear to converges such an explamation
would more easily solve the problem of how to get the beds on either side
of the Staunton fault to dip in the sawe direction, 1.0., to the southeast.
In the Broadway quadrangle east of the Mount Jackson gquadrangle the Lincoln
Hi1l thrust mase over-rides the axis of the Smith Creck-Ghort 'ountain
synoline, so that the west-dipping Pdinburg formation rests on the Martins-

bturg formation which here dips to the east; still farther to the south¥ast
the thrust bloek rests on the Pdinburg formation, WHith progressive vestward

displacement, inereasingly younger beds would appear in the hanging-wall
block and thus the Beckmantowm formation in this block would rest on the
Edinburg formation in the footwall block, as is the case, Actually, the
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entire westorn limb of the Pndless Caverns-iiyden Spring anticline bas been
out out to the southwest. With fimal convergence of the two faults, the
eastern linb of the ¥ndloss Caverns-liyden Hpring anticline comes to rest
on the vestern 1limdb of the Smith Creok-Short Mountain syncline and the
strata in the hanging-wall block therefore dip in the same direction as
those in the footwall block,

Work mov in progress in the Harrisonburg quadrangle should show
more fully the exaet relation between the two faulta,

Tt would seem, then, that the Linceln Will fault origimated in
an overturnad anticline. The "Staunton® fault is a later feature formed as
& branch of the main overthrust and with a somowhat higher dip.

omith Creek-Chort ‘ountain syneline

The aynoline to the west of the Endless Caverns-iyden Spring
anticline is ealled the Smith Creek-‘hort !puntain symeline after Short
Mountain, which is the topographie expression of the morthern end of the
fold, and Smith Creek, which follows the axis of the fold in the southwest.
Like the antisline to the east, this symeline has bLeem included by others
ot least in part in the 'mssamutton symclinoriumy for reasons similar to
those given in the seetion on that anticline, however, the fold is here
excluded from the synelinorium,

Strata included within the symeline range from the 'assamutten
sandstone, wvhich lies along the axis of the fold in the northeast, to the
New Market and Linsolnshire limestones on the esastern and western limbe
of the fold,

The fold is asymwetrieal, but for the most part neither limd s
overturned, The general dip of strata on the westorn limb is 20.30° 5y
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that of strata on the eastern 1limb, 70-90° WW, loeally in the southwest the
eastern linb of the fold is overturnsd and assoolated with faulting as
deseribed above,

The syneline plunges to the morth at an angle about the sane as
that of the anticline to the sast, The northward plunge is indiested in part
by the presense of older strata along the axis of the fold to the northeast,
vhere beds as high stratigraphically as the 'mssamutten sandstone are pre-
senty however, this portion of the syncline is also higher topograrhically
than the portion southwest of U, S5, Vighway 211 and the presence of strati.
graphioally higher beds might possibly be due to this difference in
elevation, A second possible criterion for the morthward plunge of the
ayneline is the marrowing of the gap between the lNew 'arket and Lincoln.
shire limestones on opposite lisbs of the foldy however, the dips of the
strata on the sastern limb of the fold inerease in this same direction and
southvest of Pndless Caverns the syneline is narrowed by thrust feulting,
and either of these two causes could aceount for this southward marrowing
of the syncline, probably about equally as well as & northward plunge.
Pinally, at one or two localities the actual plunge of the fold could be
meagured by (1) the dip of the linsstion due to the intersection of rock
cleavage and bedding and (2) the dip of beds striking at about right angles
to the trend of the fold. In these cases the plunge was found to be about
15° NE,

In most places shere exposures along the axial trace of the fold
are accessible, the exposed strata belomg to the 'mrtinsburg formation,
This formation 1s rather weak and in all outorops rock cleavage superimposed
on the strata during their deformation is quite strikingly developed; in
most cases it s far more obvious than the bedding of the formation, The



cloavage in such cases has a strike of ¥ 25-35° ¥ and a dip of 35-55° 5B,
The excellont parallelisn of the strike of such cleavage to the general

trend of the axis of the fold would make it seem fairly safe to infer that
its dip is parallel to the dip of the axial plane of the fold.

Minor folding margimal to the syncline is present in the southern
part of the area south of U, 5, Highwy 211, Uere the structure of both
the eastern and western limbs of the main fold is complicated by a mmber
of small folds on both the eastern and western limbs, Those on the western
1imb that are important enmough to be showm on the map are two in mumber,
They appear to be more or less symetrical and they plunge to the northe
east at about the same angle as the main symeline. Their presence only
in the southern part of the fold may be indieative of a greater compressive
stress here than in the nmortheast; such & stress is further indiested, of
courge, by the thrust faulting along the eastern limb of the fold,

Mount Jackson anticline

The Mourt Jackson anticline is a rather eurious strusture when
compared with the folds that lie farther to the east., It is quite broad
and open, whereas the others are marrow, at places tight foldsy it shows
no definite plunge, whereas the castern folds doy 1t has no welledefined
axial plane or even axial trace as do the folds to the east,

The anticline i3 named from the town of Yount Jacksom, which
lies within the fold at the morthern margin of the map, The trend of the
fold is to the southwest and it includes most of the hilly region between
the north Fork of the Shemandosh and State Highway 42. The oldest formation
exposed in the anticline is the Conococheague limestone, the sandy beds in
vhich form this hilly termin.
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The eastern limb of the fold has a general dip of 20.30° 32, The
axial trace of a fold can be followed from near the intersection of sState
Roads 698 and 767 west of Juicksburg through the hill east of Pime Hill,
northwest of Now Market Station, This may well be the axial trace of the
Mount Jackson anticline, but the structure of the fold has been further
conplicated to the west and this canmot be stated with certainty. The
strata vest of this axial line dip to the northwest, but not too far to the
northwest they pass through a minor symeline and the dip 1s reversed.

The minor folding by which this major upwerp is complicated ave
further axpreased in the outerop pattern of the chert member of the Boek-
mantown formation along the western limb of the fold,

South of Nolman Creek two sudbsidiary synolines complicate the
structure along the vestern limb of the major fold. The one to the north.
vest is the better of the two in topographic expression. The prominment
hill north of Mipps School £3mte=33 s a direct resvlt of this synecline,
since it is eapred by a remmant of the chert member of the Beelomntown in
the trough of the syncline, The Conococheague linmestones are flat-lying
vhere the axisl trace of this symeline crosses State load 767, The plunge
of the fold s to the southwest. The second mimor fold is less conspicuous
topographically; it lies southeast of the first ome, It aleo s indicated
in the outerop pattern of the Peckmantown chert member and its trough is
marked by the flat.lying limestones in the valley of the tributary to
Holman Creek one mile WENW of Quicksburg.

Forth of Holman Creek the anticline appeurs to be beset wvith twe
ninor synelines, Actually the two apparent synmelines are probably one
and the same; the one to the west is in the Reekmantown chert member, while
the oms to the sast is its extension into the Lincolnshire-lew imrket lime-
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stones, The plunge of this fold is to the northeast. Topographieslly it
s represented by the hill morthwest of Willlsmsville,

Along the western limh of the main anticline the strata are over-
turned for a rather large part of the distance. The northermwost outerop
of overturned beds was at the foot of the large confeal hill west of
Williamgville, where the dlp 1s 55° 57; southward, overturned strats were
observed as far as one mile south of Forestvills, The western limb of the
fold, in addition, is broken by & thrust favlt (Mumsville fault, below).

Yollowing this rether rembling account of the strustuwve, an inter.
pretive summry should be added., The axial trace of the Moumt Jackson
antieline strikes NNE, crossing Stete toad 767 about half & mile northwest
of Quicksburg, A second mimor suticline is separated from the main Mount
Jackson fold by a symsline, the axial trace of which crosses 3tate Road 767
about three-guarters of a mile farther wast; this syncline is further ex-
pressed by the "kink® in the Peckmsntown chort membar on the wost lisb of
the fold south of the county lime, The symeline dies out to the morthwest,
A second, more important symeline deflects the outerop belt of the Decke
mantown chert member north of Williamsville and again east of Xipps School.
This syncline fs doubly plunging, reaching a culmination along the lime
marked by Holmmn Creek. To the west of this syneline lies ancther anti.
eline; it is actually the western limb of this anticline that is overturned,
not the western limb of the Yount Jagkson anticline preper,

Structures near Forestville

The area to the morthsast and southwest of the town of Foreste
ville is one of some strusturel complaxity which, however, shows a certain
degres of unity, These structures consist in the first place of a thrust



fault which passes to the east of the towmy betwson it and the western
1linb of the ount Jackson anticline are squeesed in two long marrow syn-
clines that are separated by an equally long and marrow antielins, Vest
of the fault the Pdindurg formation is greatly deformed. Only loeslly,
however, is the structure reflescted in the mapping of the strata; in these
cagas the Oranda formation is contained in elongate marrow symelines.
The thrust fault kas been mamed the Saumsville fault. The

folds to the east of the fault will bo considered as one unit and those to
the west as another,

Iagtern folds. The strata to the west of the Mount Jackson antieline have
been thrown into & rather tight asymmetrienl syncline the sxial plane of
svhich dips to the southeast, The fold includes beds as young as the upper
member of the Minburg formation, Dips along the eastern limb of the fold
range from normal to overturned; they are generally higher than 45°, The
dip of the western limb of the fold is less,

To the west of the symeline lies & long marvow anticline, the
presence of which southwest of State fead 720 is expressed mainly by a
marrov strip of the basal Tdinburg formation that extends as far sovthwest
ag the junction of State Noads 733 amd 42, The anticline plunges to the
southwest, but apparently the angle of plunge is low, thus aceounting for
the great digtance through which the basal Fdinburg formatiom is exposed
at the erest of the fold, Towards the northeast the two limbs of the fold
diverge and beds of the urpor Peekmantown formation are included along the
axial trace of the fold at the mortherm margin of the map, Southwest of
the last outerop of the basal Rdinburg formation in that direction the
antioline can be followed to the westera margin of the area mapped by noting
the change in dip of the beds of the upper member of the fommtion,
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Between this anticline, which we may call the Forestville anticlime,
and the Saumsville fault there occurs a second syncline near the morthern
map boundary., This fold includes beds as high as the upper member of the
Bdinburg formation. The syneline plunges to the southwest, but in this
direction 4t is out off by the Saumsville fault,

Saymgville feult. This is a high-angle thrust fanlt which pmeses through
the sastern edge of the toun of Forestville and thus lies west of the folds
montioned above, It vas named the Mumsville fault by Tdmundsen (1945).

No actual exposure of this fault could be found in the ount Jacke
son quadrangle, In the Pdinburg quadrangle to the north, however, exposures
of the fault do ocour, The best of thess occurs in a low read cut along
Virginia Aighway 263 about three miles west of the town of dbunt Jackson
and about half & mile morth of the quadrangle boundary, The fault here is
marked by & sheared sone in the Bdinburg formation; the cleawage in this
sone dips at 60° 5E and is almost certainly pamallsl to the plane of the
Saumeville fanlt., A similar dip oan be inferred from relations along the
trace of the fault in the Mount Jackson Quadrangle.

Along most of its trace in the Mount Juckeon quadrangle, the fault
is bordered om both sides by the Wiinsburg formation, and 1t is generally
d1fficult to locate the fault, In most places it is indicated only by s
sudden change in the dip of the Rdinmburg formatiom, At its southern end,
at the last place where the fanlt could be definitely loeated, & minmor
syncline west of the fault contains at least the lower part of the Oranda
formationy sbout 100 feet east of this syneline in the Oranda formation i
exposed the top of the basal clastic membor of the Mimburg formation, The
distanse between the base of the Oranda formetion and the top of the basal
nembor of the Mdinburg formation in this locslity is too emall ¢o include



the entire thickness of the upper member of the Rdinturg formation; the
cause of this shortening of the section here is thought to be the Saumsville
fault,

About two niles north of Forestville the fault outs westward
across the axis of the western syncline referred to in the section above.
Since this symoline lies east of the fault, the Tinmburg formation in the
footwall bleoek is overthrust successively by beds of the Mdinburg,
Lincolnshire, New !arket, and Deckmantown formations,

In the southwest the fault origimtes in a amall sgymeetric syncline
in the Pdinburg formation; that is, the western limb of the Forestville anti-
eline is broken by the fault, the axis of the anticline having been thrust
to the wvestward over the trough of the syncline adjacent to it. The trace
of the fault contimues to pamallel the axial trace of the Forestville antie
eline for about five miles, beyond which it turns somevhat to the west,
as wag montioned above, The synoline east of the fault along the northern
map bordeored is interpreted as the northern extension of the synaline west
of the fault at its southern end,

St411 farther to the northeast the Saumsville fuult joins the
North Mountain fault near the towm of Savmsville. It aprears to be a minor
btranch of this somevhat more impressive Ferth ipuntain fault,

degtern folds. The folds west of the fault consist of a mumber of tight
overturned or asymmetric anticlines and aynclines, The structures are
confined to the Pdinburg, Orends, and iartinsburg formaticns; only whers
there isdratigraphic oriteria for the folds, however, are they shown on
the map., Thus, on the map they are represented by elongate elliptieal
strips of the Oranda formation southwest and west of Yorestville, These,
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then, are synclinea vhich may contain strata belonging to the basal Martinee
burg formation as well as to the Oranda formatiom,

Three elliptical areas of Oranda formation are shown im this belt
along the western side of the fault. Of these, the southwesteorn two are
probably part of the same fold; the separation of the Oranda formatiom inmto
tvo strips is due to the topography, the two areas being separuted by a
valley. The axis of the northeastern area of Oranda formation, however,
is offset to the northwest of the prolongation of the axis of the south-
western fold. The presence here of the southwestern fold is indicated to
the southeast of the northern ome by & change in dip in the Sdinburg fore
mation,

The northeastern fold is aprarently a simple ayncline vhich is
overturned to the northwest.

The southwestorn fold is somewhat peculiar, Aibout three-fourths
nile southwest of Forestville it is split into two symelines which are
separated by & marrov doubly-plunging anticlire; farther o the southwest,
vhere the anticline again disappears, the two synclines are again joined
into & single fold. The syneline is overturned to the northwest, with
the axial plane dipping about 65° 57, as indieated by cleavage developed in
the Oranda formatiom,

Cleavage is quite well developed in the strata to the west of the
Ssumsville fault, and in many places it is such as to almost obscure the
bedding of thess formatioms. In the belt east of the fault, on the other
hand, the cleawage is less marked,



¥oores Stors synoline

The northwestern-most structure of any major importance in the
quadrangle 1s the Moeres Store synclins, the sxial trace of vhich lles
about one mile morthwest of Forestville, The fold is named from oores
Store in the Broadway quadrangle to the west.

The syncline includes beds as high as the lower 'Martinsburg
formation, It is overturmed to the northwest: along State foad 729 the
sastern limk has a dip of 60° 52, the western limb a dip of 40° 3R, Roek
¢leavage is quite prominent in the Oranda and Martinsburg formations,
Vostvard the dip of the strata decresses, reaching 25° SF in the northe
vestern gorner of the map., Just beyond this point, about half a mile beyond
the map border, is the trace of the North Mountaim fault,

AGE OF THE STRUCTURES

There i3 evidence within the quadrangle of at least two and
probably of three faleosoic or later episedes of mountain building, One
of these is indicated by the actual structures into which the strata have
bteen deformed. The other two are indieated by the influx of coarse
clastic material into the Appalachian trouch., The first two epochs of de-
formation can be closely date; the third is about as vague in tine relations

as can be imagined,

Tagssnian ddstusbanea. The first epoch of momtain bullding cosurred in the
late Ordovieian and Darly Silurism; thds is the Taconisn orogeny. It is
MwNWMmMMWMn
Oub, Missamuttep, and Bloomsburg formations. The ares of maximm uplift lay
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structurally umffected by this deformation, The area was not entirely
neglected, however: uplift here was great emough to cause the erosion or
non-deposition of the Juniats and mugh of the "Oswego" formations, Gimilar
stratigrephic relations exist in the vieinity of Harrisburg, Pemnsylvanis,
vhere G, ¥, “tose (1930) has found an angular unconformity between the
Vartinsburg formation and the Tusearora samdstone. Intensive seareh within
the Mount Jagkeon quadrangle, however, has failed to reveal such a reldtion
hore, The angular unconformity at Farrisburg eoupled with similar relations
farther north in Nev York shows that the uplift wae orogenie, mot epeirogenis.
The chain of mountaing resulting from this orogeny is gemerally econceded to
have reached “at least as far south ap New Jersey” (Dumbar, 1949). On the
basis of the disconformmity at the base of the Silurian in this quadrangle
and the analogy between the '‘mssamutten sandstons and the Jhawangunk cone
glomerate in New York, thé former extent of the Tasonic uplift oon be
extended at least into central Virginia, To the esmst, in the Virginia
Plednont, the metamorphic and igneous rooks of wvhich that provinse is come
posed may in part represent the roots of Taconimn mountains, Igneous
activity in this region appears to have taken place during this time interwal:
uraninite from pegmatites asscclated with granitie intrusions in North and
Seuth Carolims give ages of 320.350 million years for this episede of mag-
matic activity, vhich would date this activity as late Ordovician, (ilodgers,
1952, pp. 419-20)

leadian disturbange. The initial stages of a second epoch of orogenie
deflornation to the east of the Mssamitton synclinoria is represented by
the detrital pediments of the 7ommey group in the synolinorium., These rocks
are of Middls Devonian age, and the sequence here is amalogous to the 'ddle



Devonian of New York, Pemmsylvania, and western Virginia., In the latter
areas these Middle Devonian formations are followed by still coarser sedi-
mentary rocks in the Upper Devonian; in the Massamutten synelinoriwm, how-
ever, these Upper Devonian rocks are lagking, It seens probatle, however,
that the folding and faulting of the rocks within the quadrangle did mot
origimte during this period of wplift. The chamacter of the Upper
Devonian strata in western Virginia is not what would be expected if
mountain building had taken place in the Mount Jacksonm quadrangle in the
Late Devonian. Facles changes in the Upper Devonian in the Appalachimns
indioates rather that the uplift responsible for this Upper Devonian
detritus had its center farther to the northeast, probably in eastern
Pennsylvania and eastern Yow York. Ihe Upper Devonian formations show a
progressive expansion of the area of subserdal deposition during the course
of the Iate Devonian epoch; the amount of continental deposits decreases
toward the weat and south from the central New York-Pemaylwania region,
This might be thought of as due to greater depth of the waber in the geo-
syncline in these directionsy howvever, at the same time there is a decrease
in the thickness of the Upper Dovonian in these same directions. The
effects of the icadian orogeny in eastern Virginia, as indicated by the
sedinents poured into the trough to the west, seem to have been less severe
than those of the Tasonian oregeny.

Appalachian revolution. As has been moted by a mumber of geologists, the
term applisd to & given episode of diastrophism depends to a large extent
upon the affects of that episode vhich are to be seen in a given area, Thus,
eastern geologiste have developed a strongtendency to speak of the orogenie
epoch wvhich gave rise to the Sierra Newada as the "Hevadian disturbance®
(0eges Dunbar, 1949, p. 336). It camnot bo doubted that a Californian, on



the other hand, would call this eplscde the Nevadian revolution. The
terminology is subjective; the present writer accepts it as such and feels
no necessity for refraining from "plugging" the most spectacular of the
episodes of orogeny represented in the Mount Jackson quadrangle, the
"ippalachian Revolution®,

The two episodes of mountain-building of which we have evidence
from the rocks in the quadrangle have been more or less certainly elim=
inated as the cause of the structures mapped in this area. As mentioned
above , the ages of these two disturbances can be rather closely dated. It
is somewhat unfortunste — one might almost say embarassing — to be con~
fronted with the fact that the orogenic movements represented by the
structures within the quadrangle can be only poorly dated from evidence
within the quadrangle and can be only roughly approximated from evidance
gathered elsevhere in the Appalachians. |

Within' the Mount Jackson quadrangle, the youngest unit affected
by the folding and faulting characteristic of the Appalachians is the
Fabantango formation of Middle Devonian age; the oldest unit unaffected by
these structures is the Page Valley gravel of Cenozolc (probably Pleisto-
cene) age. Thus, deformation of the Paleozoic formations must have taken
place sometine between the diddle Devonisn and sometime in the Cenozoic.
We are thus faced with a range of one entire era and parts of two others!

Within the State of Virginia the evidence is somewhat more
definite, serving to narrow this range consideratly. The Newark basin
in the vieinity of Leesburg, in the northern Virginia Pledmont, contelns
& basal conglomerate composed largely of blocks and boulders of Cambro-
Grdoviclan lisestones in a red sgndy matrix. The transportation of such
limestone blocks over a distance of some ten miles from their source would
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require streams of rather great carrying power; blocks of this size are
not being cearried at present even by the strongest streams in the Appela~
chians. The ccowrrence of blocks of limestons, furthermore, argues for
repid erosion in the source area. If the climate of the area in the
Triassic was humid and troplcel, as has been inferred from the red color
of the matrix, limestone would scarcely be a resistant rock type. Under
present conditicns these same limestones underly the valleys in the
Appalachians; yet, during a period of intense chemiocal weathering, these
limgstones formed en srea of gufficiently great rellef to be subject to
more violent stream erosion then can be presently found in this region.
Such features oan be most readily ascribed to a recently uplifted moun-
teinous ares.

This, then, gives us an upper limit for the orogenic wplift
that was probably responsible for the Appalachisn structures. It should
be emphasised, however, that this is the upper or youngest sge which can
be ascribed to the structures: they mey have been formed et an eerlier
date, with wplift of the ares into a mountainous terrain coming later.
That is, these Triassic conglomerates give us evidence of mountainous
upldft, but not of structure. However, the two may be closely related
in time,

The youngest formstion in the Appelachians of Virginia that is

affected Ly strong folding is the Mlsslssippian (Chesterian) Pennington
formation, Younger Pennsylvanian formations are folded less sharply and

are cut by feults in southwest Virginia, These basal Pernsylvanian strata
are guite coarse-grained, howewr, apparently indlcating some sort of

disturbance to the east. In addition, a quite consliderable hiatus exists
between the Misslssippian and Peangylvenian in southwest Virginia (Sutts,



1940, pe 407). Thus, it s quite possible that much of the folding in
the Appelachians in Virginia took place at the close of the Missisaippian
period, and from the landforms resulting fram this deformation much of the
detritus now represented in the Pennsylvenian and Permien formations was
derived. Howewer, later deformation must also have ocowrred, since the
Penngylvanian itself is somewbat folded and faulted. It was guite possibly
as & result of this deformation that the Triassic redbeds to the east were
formed.

Elsevhere in the Appalachians the situation is somewhat different.
In Pennsylvania, for instance, beds as young as Potteville (Early Pemnsyl-
vanian) are involved in the typical Appalachian folde, while the post-
Misslssippian (Sarly Pennsylvenian) disturbance noted in Virginia is
apparently very slight here. In Perngylvania also the folded Lower Paleo=-
golc formations are overlain unconformably by the Triassic redbeds. In
western Pennsylvania the oldest deformed strata belong to the Lower
Permian Dunkesrd group, which is conformable with the Upper Pennsylvanian
strata, and vhich may thus represent & lower limit for the age of the fold-
ing in Pennaylvanis.
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CENOZOIC HDEPOSITS

Introduction

The most recent and by far the most complete study of the
Cenozole deposits in the Valley of Virginia is that of P. B, King (1949).
Eing discusees the character and the thickness of the deposits of alluvium
and residusm in the ¥lkton area, including in this study the southern
part of Page Valley. Dlost of the field work done by the suthor on these
deposite was finished before he became aware of King's work and it is
gratifying to find that the alluvial units mapped by the author accord
closely with those mapped by King.

The term Cenosole deposits coverse a variety of material. The
oldest material included is the high-level stream gravels in Page and
Shenandosh Valley, including a pediment or rock fan along Cub Run.
Younger than these high-level gravels, but topographically lower, are the
stream terraces along both the North Fork and the South Fork of the Shen-
andoah River: these terraces do not differ from one another other than
in elevation, but on this basis several terraces can be recognised. Still
younger than these terraces are the features of the wvalley floors of the
North and South Forks, Finally, a feature which perhaps should be included
as valley floor features is the travertine (or tufa) terraces or dams that
are found in vsrious parts of the Shenandosh Valley.

These Cenosolc deposits are interesting in themselves, but ewven
more interesting is the sequence of ewents which can be inferred from them.
Much has been written conocerning peneplanes in the Valley of Virginia and
elsevhere; the study of these deposits throws light on ab least cne of these
surfaces.



High - level stream gravels

Deposits of rather coarse-grained alluvium now situated at
altitudes considerably above the stream courses in the valleys are present
both to the east and to the west of the Massanutten Range. The greater
part of the material occurs in Page Valley, however, with only scattered
romnants loeally in Shenandoah Valley.

These high-level gravels are divided into three units by King
(1949): the ancient gravel unit, the older gravel unit, and the inter-
mediate gravel unit, The present writer has encountered difficulty in
separating the older and intermediate units in the Mount Jackson guadrangle,
and the two have been mapped 23 a single unit, The anclent gravel unit can
be recognized at one loeality, but is too small to be shown on the map.

Apgient slluvium. The ancient alluvial material (Anclent gravel unit of
King) is localized at the northern end of Roundhead Ridge, in the open pit
of the Stanley manganese mine, The gravel consists of fragments of rock
derived from the Blue Ridge imbedded in a reddish clay metrix; the gravel
has been intensely weathered and the rock fragments can be cut easily
with a strong knife. The grevel has teen @ifieraliged; 1t contains nodules
of manganese ore scattered through it and many of the rock fragments in the
gravel have been in part replaced by manganese oxides. The gravel is sald
to rest in a bagin in the older residuum overlying the Tomstown dolomite
(Ring, 1949) and it is overlain unconformebly by the younger gravel unit,

Page Valley gravel. The Fage Valley gravel of this dissertation includes
the older and the intermediate gravel units of King (1949). The older and
intermediste units can be separated locally, as along U, 8, Highway 211,

but in general the topogrephic expression of the two 1s so similer as to

give no hint of two stages of grawel deposition,.
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The gravel 1s concentrated in the southern purt of Page Valley
near the Shenandoch salient. Thinner gravels occur to the west along the
front of the Massanutten Range, but their occurrence is so erratic and
their thickness so small that no attempt was made to map these gravel
bodies. Ercsionsl remnants of the Page Valley gravel are found north of
Leaksville, but these are small in area compured to the gravel south of
Leaksville.

The gravel is composed of eobbles and boulders of quartzite in
o reddish sendy matrixy The material is derived largely from the formations
in the Chilhowee group in the HMlue Ridge, although near the Massamutten
Range some Massanutten sandstone fragnents are alsc found. The fragmenta
are subangular; rounding is sufficlent, however, to give the lmpression
that the gravel is stream-deposited rather than composed of sliderock. The
matrix of the gravel is probably derived from the shaly strata in the
Chilhowee group (Harpers shale) or from the Catoctin greenstone below the
Chilhowee; the Catootin greenstone on weathering gives rises to a sandy
clay of reddish color which is quite similar to the interstitisl material
in the gravel.

The surface of the Page Valley gravel rises in a sweeplng cuwrve
toward the Dlue Ridge, the gradient steepening rupidly as the front of
the mountains is apyroached. The elevation of the outer limit of the
gravel ranges from 880 to 960 feet, decrsasing northeastward in accardauce
with the fall of the Scuth Fork of the Shenandoah. The thickness of the
gravel is probably about 100 feets although the thickness will vary greatly
from place to place depending on the original thickness of the gravel and
the amount that has subsequently beun removed by erosion. The gravel
reaches its greatest thickness near the edge of the Shenandoah salient,
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Along the front of the Shenandoah salient the Page Valley gravel
apparently forms a number of alluvisl fans that spread outward from the
mountain front to form an alluvial plain near the river. The form of these
fans in profile can be seen from many places north of the Shemandoah
salient, The increass in thickness of the grevel toward the mountains is
additvional evidence of this character.

Along Cub Fun at the front of the Massanutten Hange another fan-
like features occurs., Here the fan is well expressed topographically.
Similar fan-like feature: can be seen farther south et Runkles Gap and
Harshberger Gep. However, the gravel in thepss fan-like forms ocours as a
relatively thin venser over a bedrock surface whiech has the getual fan
shape seen in the topogrephy. Such e feature is generally called a pedi-
ment or a rock fan., Pediments have boen described from many areas in the
Gireat Basin country of the weat, but as far as the writer knows the temm
hes not yet been applied in the Appalachians., Nevertheless, the term is
appliocable to these features along the east front of the range. Since
their formation the pediments here have been dissected by the streams
flowing down their slopes. The streams have maintained the divergent
pattern possessed by the original rills end atresme on the pediment sur-
face , emphapising the fen-like character of the surface. The erosion
that has taken place since the pediments were formed has also removed a
large part of the alluvium with vhich they were originally covered. Valley-
ward the pediment of Cub Run ends rather sbruptly in & scarp of some one
hundred feet, below which lies the present surface of the Page Valley gravel,
Thus the pediment gravels would probably belong to the Older gravel unit of
Eing (1949) while the Page Valley gravel below the scarp probably is his
Intermediate gravel unit; this is one of the few places where the two unite
can be separated.
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A distinct break within the Page Valley gravel cun also bs seen
along U. S. Highway 211: in the new roedout southwsst of Hamburg the Page
Valley gravel is well exposed and, at the time of this writing, hed not
yet been seeded by the Department of Highways. it several places along
the cut two gravels can be seen; the upper, younger gravel is less decom-
posed than the underlying ons, though in neither has decomposition seriocusly
affected the quartzite fragments. The younger of these two gravels con-
tains indistinot layering vhich is parallel to the murface of the older
gravel (Plate 35).

shenandoab Valley gravelp. Vvest of the Massanutten Range the highest
terrace gravels ocour along the crest of a ridge which leads south from

Rudes Hill, about 2-1/2 miles south of Mount Jackson, and in a roadeut
on the north side of the North Fork of the Shenandoah, opposite Plains
Mill on Virginia Highway 260, In both locelities the material consists
of isclated pabches of slluviumy the character of the gravel at Rudes
Hill and Plains Mill is quite different, however.

At Rudes i1l the grevel is composed of cobbles of white medium-
greined orthoquartsite, probably derived from the slopes of the Massanutten
Range and deposited here by the ancestor to present Smith Creek. The :
gravel rests on an erosional surface on the Ordovieian carbonate rocks at
an altitude of about 980 feet,

The Plains Mill gravel is exposed only in one locality, in a
rosdout about 100 yards long on State Road 616 near its intersection with
State Road 617. The deposit is quite striking in appesrance: it consists
of angulsy slabby fragments of carbonate -~ or originally csrbonate — rocks
that range from one %o eight inches in maximum diameter, The platy charsc-
ter of the fragments appears to be dve to the original thin bedding of the
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rocks; the angular character of the fragments is undoubtedly due to the
absance of any hard sandstone fragments which would soon have rounded off
the corners of the carbonate fragments, Some sandstone {ragments do occur,
but these are not composed of hard orthoquartzite like the Tuscarora sand-
stone cobbles which comprise the modern stream gravels in the ares, The
sandstone fragments in the Plains Mill gravel wes derived most probably
from the sandstone layers in the Conococheague limestones they ere ocom=
posed of gray medium-grained calcsrecus sandstone or sandy limestone,
Other detrital rock types represented among the gravel greins include
yellowish or greenish finely laminated siltstone, the type of materisl
formed by the weathering of the Elbroock formation. Slabs of aphanitic
light~colored platy dolomite are not uncommon; this is the typical un-
veathered Elbrook formation. Carbonate rocks from the Conococheague lime-
stone are also represented: blocks of liuestone or dolomite lweccia, often
vith a sandy matrix, ocour in the gravel as well as fragments of the more
common dark-gray limestone. Reddish aphanitlc limestone fragments in the
gravel may have originated in the Edinburg formation, which locally has
been found to contain such material , or it mey more probably represent
some of the red layers in the Elbrook formation. One pussling aspeot of
this gravel is the absence of any lithology similsr to that of the Ordo-
vician limestones and dolomites which are closer to the deposit than the
Eltrock formation, at least. It would seem that at least some chert from
the Beekmantown formation should be presenty however, no Deekmantoun chert
is present in even the modern stresm grevels, and it may be that the chert
weathered out of the Beckmantown forms too large fragments to be carried
by the stream, Certainly one glance at an area underlain by the Beekman~
town chert member is sufficient to couvince one that a large part of the
chert still covers the surface of the ground,
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represented in the Plains Mills and in the modern stream gravels; the
samples of modern stream gravel were taken from the chamnel of the North
Fork of the Shenasndoah west of New Market

Lithology of the Flains Mill gravel
P [+]

Light-colored laminated siltstone 35.08 25.0%
Gray platy silty limestone 19.0 17.5
Sandy gray limestone or calcareous

sandstone 17.0 20.0
Dark gray limestone 7.0 —
Red aphanitic limestone 340 5.0
Uray aphanitic liseatone 3.0 5.0
Limestone or dolomite bweccia 1.0 15.0

a Count of 100 pebbles 1 to 3 inches in diemeter
b Count of 40 pebbles over 4 inches in diameter

Lithology of modern stream gravel

-1 b
Yollowish~ or brownish-green sandstone 31$ 14
Red and reddish-brown sandstone
sandstone 18 21.
White quartsite 13 18
Purple quartzite 6 &
Grey quartzose conglamerate 2 8
Light-colored aphanitio limestons 2 =
Gray quertsite 1 4
Light-brown sandstone 1 4
Gray fine-greined sandstous - 2
Tan sgilltstone i -
Yellowish dolomite - 2
Yellowish sandstone - 6

& Count of 100 pebbles 1 to 3 inches in diameter
b Count of 50 pebbles over 3 inches in dlameter

The source area for this Plaing Mill gravel must have lain east
of Little North Mountain, since no formation lying im or to the west of
Little North Hountain is represented in the rock fragments in the gravel.
On the other hand, all of the rock fragments in the Flains Mill gravel ocab
be correlated with formations which are exposed to the east of the mountain,



Since it seems to be rather certain that the gravel was deposited by the
North Fork of the Shenandoah or by an ancestor of the present North Fork
and not by the small tributery flowing down the valley just southwest of
the gravel deposit, the ancestral Horth Fork did not cut through Little
North Mountain at the time the gravel was deposited.

It camnot be stated with certainty that the Rudes Hill and Plains
Mill grevels are of the same age. They lie at about the same altitude,
the base of the Rudes Hill gravel being slightly lower, but the grest dis~-
tance between them would make it hasardous to correlate them. That the
Rudes Hill gravel is dominantly of quartszite fragments is not too signi-
ficant, since these rock fragments were probably derived from the Massa-
putten Range rether than from 1ittle Horth Mountain and this gravel may
well have been deposited by Smith Cresk rather than by the Forth Fork of
the Shenandoah.

Stream terraces

Stream terraces are bench-like land forms of erosiomal origin
that are found along stream courses and which ccowr at altitudes above the
present valley floors of these streams; furthermore, they are remnants of
former velley floors once occupled by the streams and as such indicate re-~
Juvenation of the stresms. The floor of a stream valley may be elither
erosional or depositional in origin; similarly, the terraces along the
stream may be elther cut from the bedrock of the region or they may be cut
from a former wvalley fill, The former are strath terraces; the latter,
‘111 terraces . The terraces on opposite sides of a stream may be paired
or non-paired; that is, they may lie at the same elevation om opposite
sides of the wvalley or they may lie at different elevations. Lven ina
series on non-paired terraces, however, the uppermost terrace level will



consist of paired terracss.

As was stated above, stream terraces are evidence of rejuvenation
of the stream. This rejuvenation may be due elther to reglonal or local
diastrophism or to climatie changes, such as increasge in precipitation,
If rejuvenation of a stream procesds from the mouth of the stream towards
its sourcs, that 1s, if rejuvenation is not simultanecus along the entire
length of the stream, at some point along the stream's cowrse there will
be a break in 1ts gradient at the point where the new valley floor result-
ing from rejuvenation intersects the former wvalley floor. Such a break
in the stream profile has been called & knickpoint. Downstream from this
knickpoint the former valley floor will be represented by a stream terrace;
the vertlcal distance between this terrace and the new valley floor will
decrease headward until, at the knickpoint, the two will coincide. The
Appalachians, wvith thelir trellis type of dralnage, offer a good opportunity
for the development of such features. Thus, uplift taking place along an
axls parallel to the general trend of the Appalachians would rejuvenate
the streams flowing southeastwsrd simultaneocusly along the entire course
of the stream seaward from the axis of uplift. Streams flowing along the
longitudinal valleys of the Appalachians and hence parallel to the axis of
uplift, however, would not be directly rejuvenated by this uplift. Instead,
rejuvenation of these streams would proceed headward from thelr junction
with the master streams in crder to keep pace with the downcutting of the
master strecms,

Examples of all of the features mentiocned above can bs seen
within the Mount Jackson quadrangle. The stresam terraces in this area
are best developed along the North Fork of the Shenandoah, but terraces
are not by any means lacking along the South Fork,
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Horth Fork terraces. The terraces along the North Fork of the Shenandoab,
along with those of its tributary Smith Creck, are wuch better developed
than the South Fork terraces, Along the North Fork the development of the
terraces shows no relation to the lithology of the underlying bedrock.

The highest of the North Fork terraces lies at an elevation of
about 60 feet above the present floor of the valley of the North Fork. It
is best preserved in the vicinity of Shenandoah Caverns, south of Nount
Jackson, Other possible remnants of this terrace, however, ocowr in the
relatively flat aree across the reilroad from Quicksburg and on the bend
of the river east of St. Martins Church. At these last two localities
the upper surface of the terrace is wneven and the terrace, if present
here, has been modified by later erosion since it wes formed. The terrace
surface is locally covered with a thin gravel veneer and is essentially
e strath terrace; this same statement can be applied to the other terraces
in this area.

About 20 feet below the swrface of this upper terrace lies the
top of a second terrace. This second terrace is more perfectly preserved
than the 60-foot terrace sbove and in addition is present on both sides of
the river; that is, the 40-foot terrace is composed of two palred terraces.
The best-preserved remnants of this 4{0-foot terrace can be seen to the
east of Hew Market from Virginis lighway 260 (Plate 37), on the east side
of the stream, and along State Road 730 between Shenandoah Caverns and
Ue 8¢ Highway 11, on the west side of the river. Nedrock exposures are
common in the searp telow the terrace. The 40-foot terrace is better pre-
served east of the river, as ¢an be seen from the map, not necessarily
because it was better developed here originally, but at least in part be-
cause it has been destroyed largely west of the river in the cutting of
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the mext lower level,

The third terrace along the North Fork, the 20-foot terrace, is
developed best to the west of the river. No remnants of this terrace
occur on the opposite side of this stream south of Rudes Hill, The terrace
is interpreted as due to a gradual shifting of the channsl of the stream
to the northwest following the cutting of the 4{0-foot terrace, thus destroy-
ing in part the {0-foot terrace west of the river. O(n the other hand, it
is equally well explained by a shift of the stream channel to the southeast
after the cutting of the 20-foot terrace.

The 20-foot terrace is found for some distance along Smith Creek,
which flows into the North Fork south of Mount Jackson, as well. Develop~
went of this terrace, howsver, is limited to that part of the stream valley
north of the Rockinghsm-Shenandosh county line. The last remnsnt of this
terrace on Suith Creek is seen about half & mile north of the county line,
This disappearance of the 20-foot terrace is interpreted as a knlckpoint
such as was described above. The valley floor surfece south of the county
line is then correlated with the 20-foot terrace lewel te the north along
Saith Creek. Ihe valley floor surface north of the knickpoint is then
younger than the similar surface to the south, At one time a similer break
in profile must also have been present in the channel of the North Fork.
fiovever , because of the greater volume and hence the greater ercsive abllity,
of the North Fork, the knickpoint along that river has migrated hesdward
to & point beyond the borders of the Mount Jackson quadrangle. Along Suith
Creek, with its lesser volume, headward migretion of the knickpoint has
been slower.

South Fork terraces. The terraces along the South Fork of the Shenandoah
differ in some of their aspects from those along the North Fork. Along the



South Fork the development of stream terraces is much more restricted
than along the North Fork, where the river was bordered by terraces along
almost its entire course through the quedrangle., Along the South Fork the
relation betwesn the size of the stresm terraces and the lithology of the
bed rock is quite remarkable, Nith a few very minor exceptions the ter-
races are limited to that part of the stream's valley that is cut into
the Mertinsburg and Edinburg formations. These two formstions, then,
being of quite similar lithology, ere the least resistant to stream erosion
of the entire Cambro-Ordevician ssquence.

Qns of the more unusual geocmorphic featureas emphgsised by the
mapping of the South Fork terraces is the abandoned meander on the west
side of the river south of U. 3, Highway 211. Topographleally the meander
consists of a broad, rather flat-bottomed horssshoe~shaped valley eireling
& mall elongate hill, The valley 1s now drained by two streams, both of
which are much too amsll to have been responsible for the cutting of the
valley. Three terraces can be distinguished ingide the meander asiwell
as elsevhere along the South Fork.

Between Grove Hill and Alme, both of which lie on Virginia High-
way 12, the South Fork flows scross an area underlain by the Cambro-
Ordovician linestones and stream terraces are lacking throughout this
distance; thus the terraces can be divided into two groups, & southern
group and a northern group.

In the southern terrace group, which lies slong the river between
the southern map boundsry and Grove Hill, only one terrace is present. This
is developed loecally along the north slides of the meanders of the river and
has an elevation of 20 feet cbove the valley floor. I is a strath terrace,
but with a thin gravel cover over its swface.



Three terraces can be distinguished in the northern terrace
group, vhich is best developed betwoen Alma and U, S. Highway 211, The
upper terrace in this group has its surface at an elevation of 60 to 80
feet above the wvalley floor; it is not too well preserved. The terrace
remnants alternate on the two sides of the river, a feature coumon to all
of the terraces in this group. Apparently the processes operating here
have been tending to intensify the mesunders along the river, that is,
there has been a tendency for the redius of cuwrvature of the meanders to
decrease with the passage of time (1.e., in lower terrace levels) and im
one case the process has “"gone to completion”, asince the stream has cut
across the meander neck and abandoned the meander.

The next lower terrace lies at an elevation of 40 feet above
the valley floor and is confined to the abandoned meander south of U. 8.
Highway 211 end to the area north of Almaj like the upper terrace, it is
& strath terrace. Uelow the 40-fool terrace lies a third terrace at an
altitude of 20 feet above the valley floor. The meander mentioned above
wvas cut off at sometime botween the formation of this terrace and the one
above it.

The relation between the terraces in the northern and southern
groups is quite uncertain, It would be unjustified, for instence, %o
correlate the 20-foot terrace in the southern group with that in the
northern group.

Valley floors

The valley floor is the flat bottom portion of & stream valley;
the term ia not necessarily synonymous with the flood plain of a strean,
& more commonly used term. The flood plain of a stream is the portion of
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& valley floor that is subject to overbank floods. In the case of the two
forks of the Shemandosh River floods are rather uncommon and the determin-
ation of what part of the valley floor is subject to flooding was impossible.

4 valley floor is present slong at least & part of the North Fork
and the South Fork. Differences between the valley floors of these two
stresns are simllar to the differences between their terraces.

Borth Fork. Along the Worth Fork of the Shenmandoah the valley floor is,
in many cases, half a mile or more in width., In addition, a valley floor
is present along the entire course of the stream in the quadrangle; that
is, at no place is the entire walley floor occupled by the chamnel of the
stream. At-itl narrowest point, one and a half miles north-northwest of
New Market, the width of the valley floor is only about two hundred yards;
at its widest point, in Neems Bottom south of Hount Jackson, the valley
floor is some 2300 yards wide.

Along most of its course the North Fork has carved its valley
floor out of the bedrock of the srea, so that it is in general a valley
strath rather than a valley fill., Bedrock cuterops are quite common in
the channel of the stream and along ite banks southwest of the town of
wulersourg.

Northeast of Juicksburg, howsver, the character of the valley
floor changes and at least one of the
banks of the channel is composed of
alluvium, A few hundred yards south

4 2

of State Road 730 a good section of

this valley fill is exposed along the
wvest bank of the river. Just below

the level of the river the sediment

—
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two feot below the top of the scarp, Similar metarlal eppesrs to ubdelie
the rest of the valley floar to the north, and such meterial almost ocer<
tainly forms the fertile lowlsnd of Meems Bottom at the confluence of the
Forth Fork and Smith Creek.

South Fork. Along many parta of the South Fork of the Shenandosh a dis-
tinet valley floor is lacking; that is, along much of the course of this
strean the entire walley floor is occcupied by the chamnel of the streanm,
Like the strath terraces along this stream, the valley floor shifts from
one side of the stream to the other, Like the terraces also, the walley
floor is gensrally limited to portions of the stream velley underlsin by
the Martinsburg and Bdinburg formetions, although this restriction 1s less
effective tahn in the case of the terraces. Where present, the valley
floor has an average width of 450 %o 500 yards; at its widest point Just
south of U, 5. Highway 211 it 1s 1300 yurde wide. For the most part the
valley floor along the South Fork is cut from the bedrock, although loeslly
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Mﬁumlvﬂlqtﬂl- The largest area of alluvium lies along the
south bask of the river about a mile north of the town of Shenandosh. Here
a large sand pit is now being cperated in the light yellowish sand., No
lower gravel layer such as was found along the North Fork ocours here. The
sand seoms to have been deposited glong the slip-off side of the meander as
the river shifted to the north.

Tufa deposits

Tufa, according to Pettijohn (1949, ps 308), is a spongy porous
lizestons that forms a thin swrficlal deposit about springs and seeps and
exceptionally in rivers. It is to be distingulshed from travertins, which
is more dense and banded. The deposits found in the Valley of Virginia are
commonly oalled travertine by workers there, but are actually tufa accord-
ing to the definition given above, The tufa ocours in two different weys,
although in both cases 1t is a stream deposit. large amounts of the material
are deposited as dams across some of the smaller streams at points where
the stream channel widens abruptly; such dams syre rather spectaculer feat~
ures, reaching heights of up to four feet. Tufa is also deposited in con-
cretionary masees, generelly formed around small peblles or pleces of wood,
8o that the floor of the stream channel appears to be covered with white
pebbles of rather uniform sise.

Within the Mount Jackson quadrangle, tufs dams sre found along
Guith Creek ahd Holman Creek west of the Massamutten Range; tufa pellets
oocur along & small tributary to Passage Creek in the northern Massamutten
Range.

Holman Creek tufe. The first tufe dem crosses the stream at the east side
of Forestville just below the abandoned mill on State Road 767. The dam
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appears to be still growing. It is composed of soft, porous limestone,
apparently of algal mrigin, which forms the rounded structures of which
the dem is built. In some cases imprints of leaves and other apparently
organic structures such as root molds are found., The surface of the dam
has a greenish-yellow color due to the presence of a thin film of algae
over the demp parts of the rock. Pockets and besins elong the front of the
dam contain dark-green filimentous algae of undetermined identity. The
ocowrrence of this first tufa dam appears to be controlled by an outarop of
Edinburg limestone that crosses the stream just above the dam.

The second dam occurs about half a mile downstrean f{rom the first

one, It is about one foot high, 1.e., wvater flowing over 1t falls & dis-
tance of about one foot, and in other respects it is quite similar to the
first one.

No tufa occurs through the next two miles of the stream's cowrse.
The next dam is found a few hundred feet downstrean from the polnt where
State Road €98 crosses the creek, and from this point to the Southern
Railwey bridge over the creck a series of tufa dams can be seen. The
first dsm in the serdes is four to five feet high and apparently lacks sny
stratigraphic contrel. It is composed of soft brown or yellow porous lime-
stone , locally containing impressions of leaves of sycamore trees such as
are still growing along the banks of the stream. At places parts of this
dam are overlain ty as much gs four feet of alluvial clay, but other parts
of the dam seam to be still growing. About eighty feet downstresm is a
second dam, this one only about one foot high. At the edge of the stream
channel it is overlain by seven feet of alluvium, At places the tufa is
conglomeratic, consisting of stream gravels cemented by travertine. This
dan does not appear to be actively growing at present. Other damws, .



i72

with approximately the same features, occur downstream all the way to the
reilrosd bridge.

In the case of these dams near Quicksburg the situr*ie= 4=
what unigue. Just below the first dem in
this group, the dem east of State Road
698, Holman Creek turns atwuptly to the
south, cutting its channel through a
£i11 terrace, then turning slowly north-

ward until it again flows to the east. €190 200
Scale in feet
Further investigation shows that the fore
——lTufa dams
mer stream channel is a rether straight /'Former stream
4 course
east-west extension of iits course above
the first tufa dam., At some time in

the historic past a dam was build across
the creek Just below the first tufe dam |
mmmwammﬂdwmu..mﬂ.m.f;"
strean to operate a small mill that lay downstream fyom the artificisl
dam, From this mill, now represented only by its stone foundatlons, the
water was retwrned to the stream. The stresnm has sinte succeeded in bLypsss=-
ing the dam, however, by cverflowing onto the fill terrace to the southwest
and cutting a new channel down through this f£1l11. In‘__thprouuofm
its new channel, howsver, the stream has uncovered a series of tufs dens
which were formerly buried beneath the alluvium in the fill terrace, It
would thus apped® that most of the tufe dams now exposed along the cresk
mrmi&m;mgndutms.thmw@iﬁmrmmw;
period of alluviation. No such alluviation is indieated in the case of the
tuffe dams farther upstresm, however, and deposition would appear to be
limited to the mouthward parts of the stream.

T
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Salth Cresk tufa. The tufa dams along Smith Creek are not so numerous as
those along Holman Creek; they sre, however, more lmpressive in both height
and width, The dams occur along the creek from a point just south of State
Eoed 608 to & point about half s mile south of State Road 698, Thus tufe
formation here is restricted to a smeller part of the stresm's course than
eslong Holman Creek.

The terrzces here are much like those along Holman Creek in the
character of the materiasl of which they are constructed., Like the Holmen
Creek dams, they are in some cases overlain by alluvium along the banks of
the stream, although this alluviel cover is generally only about one foot
thick. The creek here is wider and the dsms sre thus longer. The trace
of the dams across the stresm is often quite , 175 '*.
sinuous and the dams are generaslly formed
Just a fev feet upstrean from especially wide
parts of the stream's channel. The height
of these dams is generslly about four feet;
they were visited during a period of high
water, however, and they may be larger than
this.

The first of thess dams, that
is, the one farthest upstreum, is located
Just south of the hridge on State Road 608,
from which it is clesrly visible. The
second tufs dem, apparently the largest of
the group, 1s located about 400 yards up-
stream from the bridge on State Road 698. Its form is she v wxagram

produced above. Downstream from this bridge three more tufe dams are found,
only the last one being of any appreciable size.




from the valley slopes and then later in dissection of these minor walley
fills by the streams as a result of decrease in load.
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GEOLOGIC SECTIONS

Page Velley

The floor of Page Valley being covered by a thick blanket of
alluvium near the Shepandosh salient, exposures are somewhat limited in
this area. For this reason, no sections could be measured which included
anything below the upper Seskmantown. No sections of the Edinburg or
Martingburg formations were measured because of the relative weakness and
complex folding of these two formations.

lorth of Hamburg two sections of the lower Middle Urdovician
linestones were measured, The first of these lies within the thenandoah
River Klippe; the strata here are overturned, with a strike of about N 40°
E and a dip of 30-40° SE. The formations included are the lower Edinburg
formation, the Lincolnshire and New Market limestones, and the upper part
of the Beeksmantown formation. The basal clastic mamier of the idinburg
formation is probably present in the covered interval (Sed 36). Note also
the thinness of the New Market limestone and the characteristio lithology
of the upper Seekmantown: alternating limestone and dolomite.

Ggologic seotion 6. In field 1.1 miles HHE of Hamburg, Page Co.

Edinburg formation (Lower 14 I feet)

38, Limestone, black, fine-grained, beds 1 to 4 inches

thick, with intercalated shale bands
37. Linestone, black, fine-grained, beds 2 to 4 inches

ik, « » » 54 2 5 » s nwassness es s oddFond
L.tn;zlnﬂn linestons (22 to 67 feot)
L) 0 % & ¢ &£ ® B F kK & S 2 FPE T E R 45
35. Caloarenite, groy, medium-grained, thin- and
wavy DOEBE: « 5 5 5 0 5 5 6 %6 8 9 e e e a AR

New Market limestons (3 feet)
34+ Limestone, dove-gray, aphanitic; contains
very irregulsr siliceous partings, weathers
h&WMIﬂ.........-...-..}
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Beekmantown formation (Upper 350 feet)
33. Dolomite, s fine-grained,
’ﬂ“ml“muﬁi’Tttcaoo ‘l

J2. Limestone, dove-gray, fine-grained, with
irregular inclusions of dolomite. « « ¢ ¢ o ¢ o o
31, Dolomite, brownlsh-gray, fine-grained,
WMASBAVE o« o « ¢ 5 o 5 2 v 0 0 8 6 s e e o
30, lisestone, gray, fine-grained, with
mwlll.lm............a......
29. Limestone, dove-gruy, aphanitic, massive, . . .
28. Dolomite, orownish-gray, fine-grained,
MASBAYO . 4 o o s 5 0 s 0 s s s e B b e s e
7« Covered « « o« o s » 5 s ¢« o 5 ¢ ¢ ¢ 05 0 8 o
26, lLimestone, dove-gray, aphanitic, massive. . « «
25. Dolomite , browndsh-gruy, -grumdmdu.
24+ Linestone, dove-gray, aphanitic, massive. . + »
23 mmw,n.mw asdiun- to coarse
pliﬂd,mlmlm...-...---...
22, Covered .« « s ¢ o s o % ¢ ¢ 6 06 60 0060 0 038 0
2. Dolomite, brownish-gray, fine-grained, massive. .
20, Limestone, dove-gray, fine-grained, with
irregular dolomite inclusions . « ¢« « o ¢« ¢ ¢ o o
19 Covered ¢ « ¢ « ¢ s ¢ s 9 0o ¢ 0 0 6 ¢ 0 00 00
18, Lll.lm, dm-w’ ﬁm-mimd. with
dolomite 100lusdons « « « o ¢ ¢« ¢« ¢« ¢ ¢ ¢ 0 4 ¢ »

*
[
m&’é‘o

& W & B 8

EFE wBY vuou®

£

m-mmmumm»u........‘.
15. Dolomite, brownlsh-gray, fine-grained, massive. .
l4e Limestons, dove-gray, fine-grained, with

wmumm-ncuco;tto
130 2}“1“’ very wm. Mﬂc, weathers

¥ W £ B B & & 8 ¥ P B2 RSV ¥V ER FE KN

12 OOVEOE ¢ & s 5 4 ¢ 4 ¢« &+ 2 2 B 0 e a b s e E &
11, Limestone, dove-grey, fine-grained, with

mmﬂ“immm..--.--oo
10, Limestone, gray, fine-grained, with wavy laminse
9o Dolomite, brownish-gray, fine-grained, massive.
8. Livestone, dove-gray, aphanitic, massive. . « «
7. olomite, brownlsh-gray, fine-grained, massive.
6. Limestone, dove-gray, fine-grained, with

5
5-Dolm1h,u¢hﬁw,lphlﬁm.-c..- J=l/2
4e limestone, dove~gray, aphanitic, with very

Mm.-sniOOQo.ooiaoon wz
B.Mﬂlﬁ,wtw,lphﬂludu......-.
2+ Lisestone, dove-gray, fine-grained, with

h‘w dolomitic inclusionsiec « o ¢« o« & o s 2‘1/2
1. Covered

ow E

12

ew R

8
3-1/2
2-1/2
i

L]
-

fast of the klippe a normal (i.e., not overturned) section of
these same units is exposed. It will be noted that the Lincolnshire and



New Market lisestones bere are thicker than in the klippe. locelly near
this section, however, the lNew Market limestone is completely absent. The
upper 50 feet of Bed 6 is probably the basal clastic member of the Edin-
burg formation.

Geologic section 7. In field 1.0 mile north of Hamburg

idinburg formation (Black J.J.ratanummlu)
Lincolnghire limestone (176 = feet)

6. Caloarenite, gray, coarse-grained, containa occas-
ionel pebbles of m-m. especially near the top.l2Z feet

5« Limestone , dark gray, fine-greined, irregularly
m.unwm-dmmn. 42

ACM.". PO P RPN MRS | |

mmhsuaumm feet)

3« Linestone, dove-gray, aphanitic, contains
MI!ltn.QQtal 100010-0327
M«mummmzm-
in dismeter in a limestone mabrix. « ¢ « ¢ « ¢« « » FA

Beekmantown formation

1. Dolomite, light-gray, fine-grained
Along Mill Creek northwest of Hamburg the lower Champlainian
linestones again outerop. The following section is taken from Edmundson
(1945, Goologle Section 99). Bed 3 is the basal clastic member of the
Edinburg formstion; the Lenolr limestone is essentially the Lincolnshire
limestone of this dissertation and the Mosheim limestons is the New Mariket
limestone.

Gsologic section 8. Along Mill Creek half a mile northwest
of Hamburg, Page County, Virginia

Lenoir limestone (73 feet)

3. Limestone, dark-gray, medium grained, moduler. . . 28 feet
2. Limestone , derk-gray, medium grained; conbains
Dlack chaXBs « o ¢ ¢ ¢ 2 5 5 o ¢ s o o 8 s 4 s s v A4S

Foshein limestone

1. Limestons, dove-gray, compact; a few lmpure beds

NOAT DUBB. ¢ o o o o ¢ ¢ s o ¢ ¢ 5 9 o » % 8 & & & 55
Beekmantown foruation

About one mile southwest of Hamburg the New Market limeastone
is agein exposed, showing a good dewelopment here of the basal conglomerate.
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Geologic section 9. In field 1,1 miles southwest of Hamburg
and 1.3 miles north of Leaksville, Fuge

County

Lincolnshire limestone (lower 36 = feet)
5. Limestone, dark-gray, grenular, much sheared,

withr.du‘lllllﬂmplrﬂn‘l...-.....-. 24 fest
‘oMto-nc;--n--ooooouou-o-22
liow Harket llsestons (109 X fest)
3. Interbedded dolomitic and caleitic limestone,
'mm.mmmw-ootn 28

dove-gray
2, Conglomerate of pebblea, cobbles, and boulders
of llsestone and dolomite in a delomitic watrix . . 7
Beekmantown formation

1. Dolomite, light-gray, fine-grained, weathers
wottled buff and gray

Along Cub Run, between liewport and Grove Hill, is a good section
of the Edinburg formation, the Lincolnshire and New Market limestones, and
the Beekmantown formation. The entire BDeekmantown formetion outerops
along the creek, but good exposures are found only in the upper 1100 feet
given here. The basal Edinburg formation and the lLincolnshire lizestone
are probably both represented in Sed 90.

Geologic section 10, Along Cub Run west and east of Virginia
Highway 12, Page County

9l. Mlack shale and black fine-greined linestone
1incolnshire limestone and/or basal Edinburg formation (31 feet)
90. Limestone, gray, medium-grained, clastic. « + + « Jl feet
New Market limestone (14 feet)
€9, Limestons, light-~gray, fine-grained, with
irregular shaly partings; westhers whitish;
contalng NMUNErous LIFOSORNS « » o o » ¢ & « o o » 6
86, Livestone, dove-gray, aphanitic, with
. i T e aite, i B )
. B B e 0
hﬂ‘ﬂlrm Be ¢ 0o s 0 6 ¢ o 2 0 s o o 3
Seekmantoun formation (Upper 1100 feet)
“-m“,w,w,mtﬂ]
weathers DUuff . o« o ¢ o ¢« o 4 &« ¢ o 2 6 5 6 0 o & 2
B85, limestone , dove-gray, mm’ DAssive. + ¢ ¢ o 7
84. Dolomite, dark-gray, fine~grained; weathers
M‘W«ﬂo.un-cgoun..cooo.o 6-1/2
83. Limestone, dove-gray, aphanitic, with shaly
m.t-uotnouao-ouqonooooo 1
82, Dolomite, gray, fine-gruined, laminated;
mﬁ."m....'.l...‘l.l.l'. 2
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8l. Lineatone , dove-gray, aphanitic, with shaly

B2 5 R & % % B B W e B 4 A B RS S ENeN 1/2

80. te, light-gray, fine-grained, laminuted;
Hlﬂhu'lllghtw.a....-..-.....

79« limestone, dove-gray, aphanitic, with irregular
silicecus partings; contains some layers of
mu.llbl.lt.'.l..thOGOO 15

78. Dolomite, gray, medium-grained, laminated;
weathers buff or graylsh.: « ¢« s ¢« ¢ ¢ ¢ ¢ 0 0 & &« 7

77 Linestone, dove-gray, aphanitic, with irregular
dolomite Anclusions « « » « ¢« s ¢ o s ¢ o 5 ¢ o o 1

76. linestones , dove-gray, aphanitie; contains
thin bands of dolomite. « ¢« « ¢« ¢ « s ¢ 5 5 &« ¢ » 1

75« Dolomite, gray, thin-bedded; weathers gray;
lmmmqnhmgqo'cigquu 1—1/'2

74 Dolomite, culeltic, dark-gray, laminated; weathers
light~-gray; becomes more calcitic toward base;
lower contact Arregular . « + o « ¢ s ¢ s s 8 o s 51/ 2

73. Limestone , dark-gray, fine-grained; shaly
towsrd %Ope « v o ¢ ¢ 0 ¢ 6 s s v s s e b s o 3

72+ Dolomite, light-grey, fine-gralned,
mm,mw’w:;;.-o.cucloo Ua

7. Linestone, gray, aphanitic, massive; weathered
mfmpiﬁiﬂ;fo&ﬁlitm.......... 2-1/2

70, Dolamite, dark-gray, fine-grained; weathers
M‘Wtdnt.o..t..&ilb..coo 3

69. limestons , dove~gray, aphanitic, with
Mﬂdﬂl&lﬁlﬂﬂuﬁom....-..... 13-]/2

68, Dolomite, derk-gray, aphanitic; weathers white. . /2

67. Limestone, dolomitic, gray, fine-grained,
im‘uhrlyhllutd.......-...... 2

66, Dolomite, light-gray, fine-grained, laminated,
wveathers DULE « o « o« o o o o s 0 0 00 68 0 0 & 1/2

65. Limestone, dove~gray, aphanitic; contains
‘Hﬁndﬂﬂlﬁ.lﬂ‘rl-.....-u....... ‘

64+ Dolomite, light-gray, aphanitioj weathers
dove-gray; lower contact irregular, marked
by breccds and clastic dikelets « « o « o o ¢ » o 2-1/2

63. limestons , dove-gray, aphanitic, with shaly

8; bands of dolomite near Dase « « o« o « 6-1/2

broken by minor penscontemporaneous faulfdng. . . /2
€l. Limestone, dove-gray, aphanitic, massive;
LosslliferOUB s ¢ o s « ¢ o s 2 ¢ 9 ¢ s 0 ¢ 0 % &
60, Conglomerate; containg limestone and dolomite
hﬂﬁnmhﬁm&lmu..--.......
59. Limestone, dolamitic, light-gray, fine-grained;
mhhalannlatﬁ-mmmu. « s n
58, Breccia composed of dolouite fragments. « . « «
57. limestone , dove-gray, aphanitic, massive;
mm“.-q....‘..-.;o
56. Linestons, gray, medium-grained, massive. .
55+ Dolomite, light-gray, fine-grained, massive
54+ Limestone, gray, medium-grained , massive. .,

¥ 88 e
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e

3.
30.

29
28,

27
26,
254
2ye
234
22

<l
204

19. Limestone, dark-gray, fine-grained, with irregular

18.
17
16.
15,
14.
13

Dolomite , light-gray, ephanitic to fine-grained. .
CoOMEede s s o & 5.8 4 ¢ & ¢ &« s 5 8 6 8 086 8. ¢
Dolomite, light-gray, fine-grained; weathers buff,
Dolomite , gray, fine-greined, wvith occasional

limestone Mﬂ.-....,.....---..

mn,w.w,mmnm
Mﬂﬁ,w.nﬁw * & 9 0 e 0 0 & v o

Limestone, grey, fine-grained, with irregular

B s 6 6 8 ¢ 8 6 ¢ 5 a4 4 & 0 58 s 8 08

porting
Dolomite , Mght-gray, fine-grained, massive. .
Coverede « o v o ¢ v ¢« ¢ 0o 6 0 0 0 8 8 s 0 8 »

Dolomite, light-gray, fine-grained, massive. .
dolomite, otripodnght-anddurk-w nedium-
Gradnede o« o o o 4 5 6 5 0 0 8 0 8 00 e e e
Dolmit‘,ughtw,amtie..... e s v »
MMW“‘G’M“M.....
Dolomite, gray, mediwn~greined, massive. « « « «
Dolomite, gray, fine- to medium-grained, massive
Limestone , dark-gray, fine-greined; contains

irreguler dolomite InolusionsSe « ¢ o ¢ o o o o o

Dolomite , light-gray, fine-grained, massive. . «
Limestone , dark-gray, fine-grained, with
irregular

¥ . e =W

Mud.on-ofdolodh-.—.....-
Dolomite, derk-gray, fine-grained, massive « + « «
Limestone , dove~gray, aphanitic, with irregular

5 w9 e o % @ [ ] [ ]

¢ & & B K F ¥ & # & ® F » & € & % F T

partings
Dolomite , light~gray, nedlun-grained, laminated, .

Limestone , gray, fine-grained, irvegularly
hlimhds..o-.o».............

Mﬁh,dﬁw,w........
Limestons , dove-gray, fine-grained, irregularly
mmf‘lﬁl.t..toolill.....
MM'M‘W’W’-‘“ * &
Iimestone , gray, fine-grained, irregularly
Innloated. v s o 5 ¢« v o 6 8 ® &2 4 8 8 6 b oE s
Dolemite, light-gray, wedium-grained, massive.
Linsgtone , dove-gray, aphanitic, massive . . .
Dolomite, light-gray, fine- to medium-grained.
CoVeredle «» ¢ & » o » s & o s % ¢ 6 % ¢ 6 4 6 @
Dolomite, gray, fine- tc medium-grained , massive
Dolomite, daric-gray, medium-grained, irregularly
WI-IIOCDODQCU“'..O.Qti
limestone , dark-gray, fine-grained, with irregular
siliceous parting

B ¢ ¢ 8 ¢ 06 56 06 8 8 o 2 o 5 9 0 &

Dolomlte, grey, fine- to medium~grained, massive .

" 8 % . .

inclusions of dolomite « ¢ ¢« ¢ o v ¢ s s o »
Limcatone , dark-gray, with wvavy laminae. . .
Dolamite , light-gray, fine-grained, masaive.
livestone, durk-w, with vavy laminae. « »
Daluih.nghtw fine~grained, massive,
Interbanded ltonou:ddolmih.....
Covermls = o & » 5 v 2 %8 H A E @ HE B NS

& & B B " 8w
5 9 ®F 9 " B @
s % & & 8 9

. %
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n.mu,wldl,m..-......»...- 2 feet
il. m‘m' dll'k-w, with wavy laminae « » + « » e
10, Limestone, gray, medium-grained, thin-bedded,

Clagtle « o o ¢ ¢ 5o 5 0 0 0 6 s 0 e 0 000 I
9-001“1“ w’w nassive . . . 3

s.mm,w,w.w,
clastic; gredes laterally into fine-grained
laminated 1inestol® « « « ¢ o o 5 ¢ ¢ ¢« 0 0 6 0 08 3
7. Dolomite, gray, medium-grained; contains
lhmﬂm&lrt.........v-... 2‘1/2
6. limestone, gray, medium-grained, thin-bedded,
clagtic; grades laterally into ti.n--srumd
thin-bedded m...........-...'f-ﬂ/«?
5« Linegtone , derk-gray, fine-grained, with irregular
inclusions of dolomite. « s o o ¢ ¢ s s 2 0 ¢ 5 o » 5‘”2
mu,mm,w,wu

GO'...QU.'I&..Q!.C..."

S.WIM,Mw,ﬂﬁﬂvm...... 1

Ze Dolomlte, light-gray, fine-grained; conteins
uodules of black chert. ¢« « ¢ « ¢ ¢ ¢ » ¢ s ¢ o v o 7

1. Dolomite, light-gray, gramlay
5till farther south, about a mile southwest of Grove Hill, the
same sequence 1s again exposed. The New Market-lincolnshire sequence here
differe quite conslderably from that elsewbere in the area: the top of
the Lincolnshire lisestone and the base of the New Market limestone can
be fixed rather closely, but between these two horisons relations with

recogniged stratigraphic units is pussling, REdmundson (1945, geologic
section 106) has measwred a parsllel section along the banks of the North
Fork of the Shenmandoah a few hundred yards to the south, which 1s reproduced
here as section 12,

mmn.nnmo.vmwamm.hp
County

Edinburg formation {Lower 20 feet)
40, Mack thin-bedded limestone and shale
39. Limestone, gray, mediun- to course-grained,
ly bedded (basal clastiec .lhl.'g 20 feet
Lincolnghire and New Market limestones (123 feet
38, lLimestone, fine-grained, hrh-w, with
flattensd noduleg of bDlack ohert + + o » o » o “
37, Limestone , wedium-greined, clastic, thin-
bedded; eonmna yellow
and occasional pebbles of limestone; no chert, 3
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36, Limestone, gray, coarse-grained,
fosslliferous. « « ¢ ¢« o » » ¢ o« s 5 o 0 ¢ 5 o 11 feet
35. Limestone, dark-gray, {ine-grained, nodular;
mummmwummmm . 9
u!mm, ¥ & 5 % 9 F VP ¥ E 9 bR WS 1
33. Limestone, argillscecus, light-gray, fine-
M,mﬂ“'mm.m-oaooncg 18
32, Greccia, composed of blocks of dolomite and
dolomitic limestone up to 5 feet across. « « 17
Beekmantown formation (Upper 608 feet)

31. Linestone, dove-gray, aphanitio. « « « ¢ ¢ o » 4
30, Dolomite, light-gray, fine-grained; weathers

9.9. 9 & 8 & & & 85 BE B E & 2 ¥ 0 ® K ¥ 8

29. livestone, dove-gray, aphanitic, shaly « « « 1<1/2
Zﬂ.Liﬂlm,mw muﬂ.q-.-... 2

27. Dolomite, nsht-ﬂ‘y, fine-grained;

weathers grayish « o ¢ » ¢ ¢« » ¢ 0 6 0 0 ¢ 0 o 4
26, limestone, dove-gray, aphanitic. ¢ « ¢ o » o i-1/2
25, Limeatone, dark-grey, aphanitic; intergrown

with dolomite ;, light-gray, granular. « « « + 15
24¢ limestone, dark-gray, thinly laninated,

viihu'tilllmuplr‘uu‘l.......... 3%1/2
23+ Limestone , dark-gray, fine~grained, thinly

Jominateds ¢ « ¢ o o ¢ o 4 5 o 0 8 0 6060 0« 6
n.m%m,dﬂnw,mt&c.......- ')
21, Dolomite, gray, thinly laminated; weathers

ght gray ¢ o« s o s ¢ o 0 6 60506060600 2

20+ limestone, dark-gray, ephanitie, intergrown
Hithp\mlrdolﬂih...-......_.. 20

19, Dolomite, light-gray, gramulerj contains

thin lenses of fine-grained limestonw. « « + « 2
18, Dolomite, light-gray, apharitic; weathers
m‘hctoooccnootuovvotto.o Uz

17. Linestone , dove-gray, aphanitic. « ¢ ¢ « &
16, Uolomite, light-grey, fine-grained;
woathere DUuff. « o s ¢« ¢« s 2 ¢ ¢ ¢ 0 2 o &
15. Limestone, dark-gray, aphanitic, massive .
14. Limestone, dove-gray, aphanitic, laminated
D-Mh,nﬂm.m..tnoc
12, Dolomite, gray, thinly laminated;
weathers Light-groay. « o« ¢« ¢ ¢ ¢ ¢ o s « o o

11, Dolomite, light-gray, fine-grained; mﬁiﬂ
caleiteo "oyes™ + o ¢« ¢ 6 5 0 s v s 0 0 e

10, Liﬂlﬁcﬂ'. mw..mnﬂc e o o 0 o @
9e Dolomite, light-gray, fine-grained;

woathors DULT. o « ¢ o » ¢ o o « o
8s Covereds o« o s o 2 s ¢ o % a5 » &

7« Dolomite, light-gray, granular . .
6. Dolomite, light-gray, fine-grained

S5« Coverede » « s s« ¢ » 2 5 ¢ ¢ & o »

4o Limestone , dove~gray, aphanitic. . »

30 Dnlﬂih, um] ﬂﬂw [ ]
2. Limestone, dove-gray, aphanitic, . »

1, Dolomite, light-gray, fine-grained .

*
L]

3

» & ¥ @&
L * & & W W

L ]
LB o o i '5# ¥ W owm

10
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Geolozic geciion 32, Bluff along South Fork of Shenarndosh River
about 1-1/4 miles northeast of Sheneandosh,
Page County (2dmundson, 1945, p. 149)

Beeknmantown formation (upper part, 1033 feet)
30, Dolomdte, gray, fine~grained. « « « « o o 54 feet
29. Limestone, light-gray, compact. « + « « » 1z
28, Dolomite with thin layers of bluish-gray

2100008000 » » 2 4 5 s s s s a e s e W

27. limestone, bluish-gray, impure, slightly
bended; a fow thin layers of dolomite . . 73

26, Dolomite, gray, wo I I I
25. Limestone, bludshegraye « o « ¢ o« o o s ® 9
63

Y
.
. w»
.

* @ »

u.mpummd;nmmmunnm
“mﬂ'.-..'.....l.
33: L’-..m" MWQ mto L 2
22, Dolomite and impure banded limestone.
21, mm'u‘hmm. s % 8 ®
momu'w’mm-dvoo
19. Limestone, banded, inmpure . « » + « »
m.m«mwwmm
17. Dolamite, gray, fine grained.
lé‘m,wthlﬁm.
15. Dolomite, light-gray, fine grained
u.mu,w,mmmm
13. Dolemite, light-gray, fine grained
g.mnlt::o utwmmw
o Dolomi s ETay groined, ¢ o ¢ &
lonm w-.-..'..n
9.mu,mm:.&umm¢
Linostone « « « o o s o s s & s s 4 0 0 5 8 0 8

-
o

® %
. »
" & % & @ B & 5 5 & & &

® & % & o =

®* B % & =
a9 & & @ F B @9 B % & E W B N

S & » % 2 ¥ & ® 8§ W T §F B B &
& B N R w82 W @ B ¥ LTS
b EF @® @ @Fe B % & & H & B

2EBuvonod wEuwBkEELREEsEE

% % g W s 0w W e e s S

8. Linastone, mottled 1light and dark blulsh-grey. .
7.0&1&1&,”.!’1&“......-....
6. Limestons, mottled light- and dark-gray « « « « »
S5 Dolomite, gray, fine gradned. « « « ¢ ¢ ¢ & & o »
4o limesgtone , Mﬁw. ¢ % o 8 0 0 s 0 3 w0 e
30“1“.”.“"‘“‘1“"0'-...:.0!
o m.mw'm I R O N R
1. Dolomite, gray, fine-grained. « « « « o » o o o o

Massanutten Range

The geologic sections moasured in the Massanutten Range include
only three formations, the Massanutten sandstone, the Tonoloway limestons,
and the Catherine limestons. The Hloomsburg formetion is usually covered
by float from the Massanutten sandstone and the Romney group is gensrally

poorly exposed and complicated by miner folding.
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Two sections of the Tonoloway and Catherine limestones were
measured in the northern part of the Massanutten Range. The first of
these is exposed along Passage Creek for several hundred yards south of
the bridge on State Road 616. The strata here have a very gentle dip and
the base of the Tonolowey limestone is not exposed. A number of differsunt
lithologic types are included in the Cuthorine limsstone in this section;
here it is apparently largely Keyser in age. Sowe of the higher strata
in the section may belong to higher units in the Helderberg, however.

Geclogic gection 13. Along Passage Ureek south of State Hoad 616.

Needmore shale (Dark olive-gray shule)

Catherine limestons (73 feet)

35. uuam.dsrkw,fw.

WI’ 3 % A 8 ® % ® 0 6 B 0 2 0 9 e 1 foobt
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Calearenite, dark-grey, medium-grained;
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Mudstone, brownish-gray, mud-crecked;
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thl.anoctccoccoan
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nodules of black chert; weathers
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17. Calcarenite, gray, -dl.mh-d. I 1/2 foot

16, Covered, ¢ « « o 2 ¢ ¢ s o o 5 0 2 8 9 6 5 5 & 2

15. Limestous, gray, shaly; weasthers white . « + « 1-/2
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10. Fudstone, ocher-brown, very irregularly

bedded, fossiliferous; contains limestone
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3. Linestons, dark-gray, medium-grained, thin-
badded ; mud-cracked, with irregular shaly
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irregular leminae
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Woodwsrd (1943) gives a section of those ssme limestones which
he states was measured along the headwaters of Passage Creek 1.5 miles
 east of Moreland Gap. This would ssem to be the same section as is given
above, but the exposures must have been remerkably better when Woodwerd
measured the section than they are at present.

A second saction of these Siluro-Devonian limestones is exposed
along Passage Creek farther to the southwest, about seven miles from Hew
Market Gep. The upper bed in this section is somewhat peculiar, being a
red mudstone with limestons nodules; compare this with Bed 18 in the sec-
tion above. The Catherine limestons here is at least in part of Bearaft

age, containing specimens of Spirifer goncinpug listed by Butts from the
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Becraft limestone elsevhere in Virginis. (Butts, 1941, p. 167).

Seologdo section J4. Along Passage Creek 6,9 miles northeast
of New Market Gap, Page County.

lisedmore shale
8. Interbedded black and olive-gray shales
Catherine limestone (33 feet)
7. Mudstone , reddiah; contains layers of
limoptone nodulesd: « « s » » v o o 0 5 0 ¢ & ¢ G feoat
6. Limestone, gray, fine-~grained, ergillacecus,
\dmmm-rcnuccttonccg 15

tﬂm'ﬂrm ® ¢ 8 % & ¢ 8 8 e e & @ |
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4o limestone,; grey, aphanitic, shaly;
contains mud-cracks end irregular

laminae; woathors yellow « ¢ » « ¢ o ¢ & o s WZ
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2. Limestone , gray, sphanitie, shaly, mud-cracked 33

Two sections of the Massanutten ssndstone were also measured
in the northern part of the range. The first of these, at Burners Gap,
was given above in the section on the Massamtten sandstone. The second
section is located just north of New Market Gep; it is incomplete, the
lower part of the formation being covered at this locelity. The section
shows the presence of silty shale layers in the sandstone similar to those
recorded in the Burners Gap section,

Geologic section 15. Along Fationmal Forest Road 274 just
northeast of New Murket Gap, Page County.

Massanutten sandstone (Lower 300 feet)
12, Quartsite, white, medivm-grained, wavy-bedded. . 27 feet
nlm’MMQO!tocnotoaluu ]{2
10, uartzite, white, nedium-grained. « « ¢ ¢ s & « 1"1/2
S+ Shale, greenish-gray, sandy; contains thin

beds of wnmnh...... 1/2
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Cub sandstone
1. Broun sandetones and siltatones
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24 foot

In the southern part of the Massamutten Range two sections were
measured. The first, 2 section of the Siluro-Devonian limestonea, is the
type section of the Cathepine limestons and is given as Geologio section 5
under that heading. The second section includes the type Cub snndstone
(Geologic section 3), but contains the upper Martinghurg formation as well.

1% is located just east of Catherine Furnace,

Geolosie gection 16. Along Hational Forest Road 65 on east

aide of Firat Mountain, Page County.

Cub sandatons
30, Sandatone, olive- to orange-colored,
fine-grained. « « o« » o ¢« s 4 o o 0 s o & o
Martinsburg formation
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local thin layers of earthy LANGENEEe OFO. » » » » 245

Shenandosh Valley

West of the Massanutten Range & mumber of ssctions were measured.
These sections include the Orenda and Edinbuwrg formations, the Lincolnshire
and New Market limestones, and part of the Beekmsntown formetion. The
lower part of the Deelmantown is not well exposed and ouly the upper part
of the Conococheague limestons has wen brought to the surface here.

Only cne section was meuswred along the west limb of the Endless
Caverns anticline; this section is located about & mile and a half north-
west of Phillips Hill.

Geologic section 17. Iun field 1.4 miles HEW of Phillips H1l1,

fockinghss County

Lincolnahire limestone

s ulutmn. oh‘t.ta, light-gray, nediun-
M B % 5 % ¢ B 5 e PN E B ES %

New Market liwestone (67 feet)
6&%“.0...&;0...'-'.-0!-0: 7 feot
5. Limestone, dove-gray, aphanitic; contains

irreguler nodules of calcdte o o« o ¢« ¢ ¢« ¢ o & o i1
4e Limestone , dove-gray, aphanitic, with irregular
widely spaced argillacecus partings. ¢ « « » + »
3. Limestone, dark-gray, fine-grained « » « « « ¢ « P
2. Linestoue, dove-gray, fine-grained; contains
dolomite layers near the basej weathers to
arough surface. « s ¢« « s s 5 ¢ ¢ s 0 0 6 0 3 & 55

Beekmantown formation
1. Dolomite, light-gray, fine-gralned, thin-

bedded; weathers light gray
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wvith approximately the same features, ocour downstream all the way to the

this group, the dem east of State Road
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south, cutting its channel through a
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Saith Creek tufa. The tufe dams along Smith Creek are not so numerous as
those along Holmen Creek; they are, however, more impressive in both height
and width, The dams occur along the creek from a point just south of State
Road 608 to a point sbout half a mile south of State Road 698, Thus tufe
formation here is restricted to a smaller pert of the stresm's course than
elong Holman Creek.

The terr=ces here are much like those along Holman Creek in the
character of the materiel of which they are constructed. Like the Holmen
Creek dams, they are in some cases overlain by alluvium along the benks of
the atream, although this alluvial cover is generally only about one foot
thick: The creek here is wider and the dems are thus longer. The trace
of the dams across the strean is often quite hea
sinuous and the dams are generally formed
Just a few feet wetrean from especlally wide
parts of the atrean's channel, The height
of these dams is generally about four feel;
they were visited during a period of high
water, however, and they may be larger than
this,

The first of these dams, that
is, the one farthest upstreenm, is located
just south of the hridge on State Road 608,
from which 1t is clearly visible., The
second tufe dam, sppsrently the largest of . y
the group, is located about 400 yerds up-
strosn from the tridge on State Foad 698, Ite form 1s shown an the aisgren

produced above. mrmm.mmtwumm““r
only the last one being of any appreciable sise, MI
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Tt Iallax Sadhe A much mellery bub scandet Cifany 4, o0
mrnmddmnnmi-ﬂmdmmmﬂhm%m“m‘mﬁ
nile northeast of Camp Hoosevelt, mmzammmm'
but the deposit is of sowe iaterest. Ml‘&ﬁllh\mm“
mmmmmmmm-.sﬂ%‘wm
controlled in cccurrence by outerops of the Romtey shale,

of tugg

In additgon
the floor of the stream 1s covered by vast mmbers of mme
ranging in slze from two to fifteen millimeters. These pel.i

¥ show & rathep
poorly developed concentrie structure ond have nt their center b
sand or, sometimes, pieces of wood, m-qmmamun“
about by even the slightest lrregularity in the stream channel; roc
leaves, sticks, pebbles, etc., all have at least a thin covering of .

waterial.

sgurce of the tufa. In all three aress of tufa depoaition the material is
deposited from a stream at polnts downstreeam from where the strean crosses
a fault, In two of the cases (Holmen and Saith Creeks) the fault actually
cuts through limestone layers where it outerops; in the third csse, it is
probably that the fault cuts or at least shatters limestons formations below
the surface. The calelum carbonate is brought to the surface by underground
waters circulating in the fault plane or fault sone; the crushed condition
of the limestones makes their solution sasy. Travertine terraces have not
been found in this quadrangle along streams which cross these aame formations
vhere they are not affected by faulting and they have not been found along
these same streams headward from the fault zones.

The csuse of deposition of the tufa is another problem. Along
Holman Creek in many cases the dams were found to be covered with algss,
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vhich may or may not be responsible for the formation of the tufa. The
algae uay be present because of the abundance of dissolved calcium carbonate.
Some of the dams appear to be controlled ly bedrock outorops. Water satur-
ated in calcium cortonate would lose some of its dissolved carbon dicxide
on flowing over irregularities in the channel, and this in tuwrn would re-
duce the solubility of the csleium csrbonate, causing some of it to be de=
posited. The process would w self-acoelerating; the higher the dam is
buils$, the more tufu will be precipitated. In other cases the tufa dams
are associated with wide spots in the stream channel. Sudden widening of
the stream would expose wore of the water to the air and %o the sun; this
increase in heated surfuce would cause some reduction in the dissolved car-
bon dioxide und perhaps bring about deposition of tufa.

Peneplunes and Ercsion Surfaces

The concept of pemeplanation has been applied extensively in
the Ridge-and-Valley province in the past, largely becsuse the crests of
the ridges characteristic of this region show a strikingly apparent level-
ness. In recent years, however, 1t has been shown that the height of these
ridges varies with (1) the dip of the strata, (2) the proximity of major
drainage lines, (3) the thickness of the resistant strata, and (4) the
degree of cementation of the resistant strata, This lewlness of the ridge
crests 1s thus due to the relative constangy of these four factors rather
than to an sarlier cycle of pensplanation,

In his bulletin on the ippalachian Valley Butts (1940, pp. 506-
511) hag recogniged three peneplanes. The upper one, the Sumit peneplsns,
bas an elevation of 3900 to 4600 feet and is represented only by scattered
high sumnits in the western part of Virginia. Below this lies the Schooley



17

peneplane at an altitude of 2500 %o 4500 feet. The lowest of thess ercsion
surfaces, the Harrlsburg or Valley-Floor pensplane, lies at an altitude of
500 to 1000 feet in the northern part of the Valley.

Within the Mount Jackson quadrangle evidence of peneplanation
is open to other interpretations as well. lNo elevations within the area
cun be correlsted with the Sumit peneplane, The ridge-tops which were
formerly ecorrelated with the Schooley peneplane are narrow; these ridges
have probably been considerably reduced since the uplift of the Schooley
surface as indicated by thelr sharpoess and Ly the abundant taluses on
their slopes. The somewhat broader and higher peaks at the junctures of
these ridges, however, may reprosent remnants of this pemeplane. These
peeks lie at an altitude of 2600-2800 feet in the Mount Jackson quadrangle,
vith some higher polnts reaching 3000 feet. Horthward the altitude of
these broader peuks falls to about 2000 feet at the northern end of the
range, while soutbhweyd the elovation rises to about 3000 feet at the
southern end of the range.

The Harrisburg pensplane should be well-developed in this avea;
if "minor irregularities" in the floors of Page and Shenandosh Valleys are
neglected, there does appear %o be & relstively flat surface sloping awsy
fron the mountains and towards the major streams. More detalled study,
however, has shown that these "minor irregularities” csnnot be neglected
and that in a large pert of these areas the flat surface is the upper surface
of the gravel deposite and is depositional, not erosional.
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CENOZOIC HISTORY

Schooley surfuce. The first event of which there is any record following
the Appalaghian revolution in the Mount Jackson quadrangle is the develop-
ment of an erosiom surface that has boen correlated with the Jshooley pence
plane. As previously exvlained, evidence of the existence of this surface
vithin the quadrangle is mot good, ¥lsewhere in the Virginia Appalachians,
however, there is evidence of large-soale base-leveling vhich formed a
videspread erssion surface that probably extended imto this gquadrengle,
Above this erosion surface stood soattered hills or momadnocks composed
of resistant rocks; the tops of Catback “ountain and Morgan Knmob in the
Massanutten Mange may be the remmants of such momadnooks. The age of
this erosion surface is rather uncertainy it is probably of Cemosolc age,
though some authors would date it as early as Jurassic,

!mssanutten draimage. The formation of this pemeplane or erosion surface
vas followed by regiomal uplift which csused rejuvemation of the streams
and dissection of the ercsion surface. It was probably during this ecycle
of erosion that the cross-axial streans in the southern 'mssamutten Range
vere fixed in their present courses. Two possible origins for this cross-
axial drainmage can be suggested.

At the time of formation of the Schooley surfuce the oldest fore
mation exposed in the Morgan-Catback anticline was the Eloomsburg formation,
a rather weak unit, and it may be supposed that the draimage within the
range at that time wma not greatly affected by the structure of the Blooms-
burg formation, With uplift and rejuvemation these streams cut down
through the Floomsburg formation and were thus superposed upon the more
rosistant Mssamutten sandstons belov, Such an explamation, however, would
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not explain the present trellis-type draimage too satisfactorily, unless
the origimal streams wvere to some extent contrelled by transverse and
longitudinal joints in the Bloomeburg formation, At loast loeally such
structural superposition appears to have occurred: the course of foaring
7un across the momor anticline mortheast of Catherine Furnsce avpenrs to
have origimated in this mammer,

The altermative origin involved stream ecapture., The part of
Pitt Spring fum vhich nov runs through Pitt Hollow ordigimally flowed south-
wvostwvard and left the Mange at Pridleys Gap in the Elkton quadrangle, flow-
ing into the North Fork of the Shemandosh by way of Saith Creek. The for.
mer course of Cub fum was about the same as its present onme, while the
anticlinal velley southwest of Morgan Kmob and in the Elkton gquadrangle
wvas drained by & stream flowing to the southwest, them around the nose of
the Catherine synoline and into the South Fork of the Themandoah, Streams
1ike Cub fum and, in the Elkton quadrangle, Boones "un, which flow directly
into the South Fork, would thus have an adwantage over the streams to the
northwest of Catherine Follow, Mast-flowing tributaries to Cub fun would
thus have a grester erosiomal power than the west-flowing tributaries te
the stream in 7itt Hollows ia addition the tributary emtering Cud Run elos-
est to ite gap through Pirst Mountain would be stronger than tributaries
farther from the gap, since its gradient would be stesper. As a result of
headward erosion by this tributary, the dminage of Pitt Spring un northe
east of Pitt Spring was diverted into Cub Mumn, This increase in discharge
of Cudb Run would then result in more repid dowmeutting by the strean east
of Catherine TMurnace, which in turn would produce & steoper gradient for
the part of Cudb Mun southwest of Catherine Furmace, This increase in
gradient would then produce accelerated downcutting Ly the other east-flowing
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tributaries to Cudb Pun and other segments of the southwestward draimage
in Pitt Follow would be caytured., Foomes Run has apraremtly eaptured

part of the drainage of the anticlimal walley southwest of Morgan Enob
in the same mamner,

The factors controlling the occurrence of the gaps through the
border ridges are uncertain., The gaps do mot appear to be asscolated
vith sones of structural weskness due to faulting or joimting, as has
been suggested for some of the water gaps im the Apralachisns, nor are they
controlled by the thickness of the resistant Massamtten sandstone, as has
also been suggested.

High-level gravels. u, dissection of the Schooley surface wes imterrupted
at least twice by periods of alluviation represented by the Older and Ine
termediate gravel uaits of King (1949). A thind, earlier perded of deposi-
tion is represented by the Anclenmt grevel unit on foundhead Ridge, In the
Sherandosh Valley similar events may be inferred from the Plains 11l and
Rudes Hill gravels, though it is uncertain here whether more than ons
period of alluviation is represented. The gravels in Mage Valley are
thought to have been formed at or near the ends of the glacial ages of the
Pleistocens eposh. The gravels are all of geologieally late date: little
evidence of more than surfiecial decomposition is moted, though the few
fragments oomposed of rock tyres other than quartsite are in many places
entirely destroyed.

The eobbles and boulders present in the Page Valley gravels are
larger than those being carried by the streams at present, even at times
of flood, The ability of the streams to transport their load depends upon
the volume and gradient of the strean, amony other things. During the



glacial ages the rainfall in the Valley of Virginia was probably greater
than at present. Such an increase in rainfall has been established in the
arid reglons of the western United States and elsewhere in the world
(Mint, 1947, ppe 467-483) and there would be little reascn not to expect
¢ similar increase in the area here discussed. With such an increase in
the amount of rainfell the volune of the streams would be increased, enabl-
ing them to earry large rock fragments far beyond the foot of the Hlue
Ridge in which these streams h,we their souwrces. With the retreat of the
glaciers, however, the carrying power of the streams would decreass as
their volume decreased and the material formerly cerried far downstreen
would now be dropped nearer the front of the Blue Ridge to form large
valley fills. Finally, of course, the carrying power of the stresms would
decrease to & polnt whers the larger fragments could not be carried even
in the mouhtain tracts.

With re-expansion of the ics sheets, however, the rainfall would
again increase in volume, bringing ubout an increase in the volume of the
streams once more and thus increaslng their carrying power. The streams
would then cut down through the alluvial f£ill formed at the end of the
preceding glacial age and into the bedrock below. With waning of the ice
sheet, however, the former cycle would be repeated and a second valley
£111 would be formed. The upper surface of the second fill would lie be~
low that of the first £ill because the stream would have lowered its valley
floor during the second glacial adwvance.

One major difficulty is present in this iaterpretation. The
present is genmerally interpreted as the end of a glacial age (or sub-age)
or the beginning of an interglacial age (or sub-age). If this is true, then
the streams in Page Valley might be once more expected to be flowing over a



valley floor; instead, the stresms are flowing in valleys cut in the bed-
rock. The ancwaly is not too difficult to explain, however. The greatest
part of the muterial of which the Page Valley gravels are formed is quart-
zite from the Blue Ridge. Such rock is extremely resistant and it is pro-
bable that the fragments ln the Puge Valley gravels represent material
that had been broken up by weathering, perhaps long before the advent of
the molster climate which increased the carrying-power of the streams.
Thus the "reservoir® of quurtsite fragments was not inexhausteble; when
all but the coarsest material, which now remains as talus on the slopes of
the Blue Ridge, had been removed the streams were limited to downward
ercsion of their valleys; this downcutting into the shales and limestones
did not yield sufficlient coarse detritus to record a change in the climate.

Thus the writer would tend to correlate the (lder and Interwediate
gravel units of King (1949) with the ends of the earlier glaclal ages. The
(Ulder gravel unit may correspond to the end of the Nebraskan glacial age
and the Intermediaste gravel unit to the end of the Kansan age. The Mount
Jackson quadrangle liea far beyond the drift border, however, and no direct
correlation is possible.

The Cub Run pediment was evidently formed prior to or at the
same time as the (lder grawel unit was being deposited, It seems likely
that the cutting of the pediment preceded the deposition of the gravel and
that it took place during the molst glacisl age. The gravel veneer would
thus have been formed later as the volume and carrying-power of the stream
decreased.

It is probable that the present meandering form of the South
Fork of the Shenandoah was acquired after the deposition of the Intermediate
gravel unit and was the result of the low gradient imposed on the streanm
a8 & result of alluviation. 3Jubsequent increase in the wvolume of the stream



has caused the meanders to become ingrown.

Post—gravel erosion. The deposition of the intermediate gravel unit in
Page Valley and of the gravels in Shenandosh Valley was followed by a
period of stream erosion which resulted in the formation of a series of
stream terraces along the North Fork and the South Fork of the Shenandoah
River.

However, betwoen the time when the Plaing Mill gravel was do-
posited and the time when the terraces were formed, a considerable change
tock place in the drainage system of the North Fork. A% the time when the
Plains Mill gravel was deposited, the area drained by the North Fork lay
entirely to the east of Little North Mountain. At the time of formation
of the terraces along the North Fork, howsver, the drainage basin included
much of the area to the west of Little North Mountain, as is indicated
by the ocowrence of abundant pebbles and cobbles of the Siluro-Devonian
detrital formations which are found in and west of Little North Mountain,
The North Fork had thus broken through Little Horth Moustsin at some time
prior to the cutting of the terraces, capturing a large part of the head-
ward drainege of Lost River, ubich flows northesstwsrd into the South Fork
of the Potomac River. This case of stream capture is supported by other
evidence in addition to the sudden appearance of the Siluro-Devonian detri-
tus along the terraces of the Horth Fork of the Shenandoah. In the Urkney
Springs quadrangle, which lies northwest of the Mount Jackeon quadrungle,
the divide between the head of Lost Rlver and the head of the Horth Fork
lies in a prominent synclinal valley; the divide itself is very low and the
two streams are separated from one another by only a few hundreds of yards
at their sowrces. In addition, the valley floor of the Lost River near its
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source appears to be much too wide to have besn cut by the small present
Lost Hiver; it would be more easily accounted for Af a large part of the
headward drainsge of the Horth Fork hed at one time flowed through the
valley.

Downward erosion along the Morth and South Forks was accompanied
by lateral shifting of the streams, with the result that most of the terraces
formed are non-peired terraces. [uring this perdod of downward ercsion the
meander, now abandoned , along the South Fork south of U, 8. Highway AUl was
formed. The configuration of the terraces bordering the meander seem to
indicate that it was formed entirely during the period of downward erosion
and was not superposed in its observed form from the Page Valley gravel sur-
face. GSuccessively lower terraces along the sides of the meander show a
decrease in the radius of curvature of the meander until eventually the
radius of curvature became so small that the meander bend was cut off from
the main course of the river. This would thus appsar to be a good example
of a first-cycle meander.

Some evidence can be found for aseribing the rejuvenation of the
streams after the deposition of the high-level gravel units to deleveling.
The evidence is largely the occourrence of a knickpoint along Smith Creek,
tut it seems quite probable that cther such festures may be found elsevhere
along the North Fork and perhaps alsc along the South Fork.

Yalley~floor features. The two most recent developments are the formatdon
of the present valley floors and the bullding of the tufa dems across
several of the streams. The valley floors for the most part are erosiomal
in origin, although parts of the valley floors slong both of the main stresus
are composed of alluvium and are thus depositional rather than erosiocnal.
As has already been mentloned, the valley floor along the North Fork of the



Shenandoah is more extensive than that along the South Fork, where it is
generally narrow and largely restricted to areas underlain by the Edinburg
or Martinsbturg formation. Since the South Fork is the lasrger of the two
streams and since it in general flows over weaker rocks than the North Fork,
this relationship seems sowewhat ancmalous. That the livestones are a
more resistant rock type than the ghales is well illustreted in Page Valley,
where the stream has developed a wvalley floor only where it flows over the
shale formations. One possible explanation for the observed relations is
as follows: The valley floor along the North Fork of the Shenandoah is
correlative to one of the terrace levels along the South Fork. Following
a rather recnt uplift, the South Fork, a stronger stream flowing over weaker
rocks, has cut ite channel into this former velley flocr; the process of
downoutting is still dominant over lateral erosion and the present valley
floor is consequently restricted in its ocourrence. Along the North Fork
this inclision of the stream into the valley floor has not proceesded as
rapidly, because the North Fork is not as large a stream as the South Fork
and because it is flowing over more resistent strate, at least within the
Mount Jackson quadrengle. If such were the case, some substantiating
evidence should be found cutside the boundaries of this quadrangle. In the
Edinburg quadrangle north of the one mapped the lNorth Fork of the Shenandoah
enters a rather steep-sided valley just south of the town of Edinburg; from
this polnt to its juction with the South Fork near Front Roysl the North
Fork is bordered by a rather narrow valley floor quite similar to that
along the Soutd Fork in the Mount Jackson quadrangle. At this seme point
south of Edinburg there ls & rather indistinot but noticeable Wreak in the
gradient of the stream: for about a mile or more the stream gradient is
almost twice as steep as it is elther southwest cor northeast of this point.
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Abandoned, rather high-level meanders ure found along the Horth Fork down-
strean from Edinburg, but none are found upstream from that town; if the
course of the stream northeast of Edinburg is younger than to the southwest,
this relation is quite easily expleined: the meanders southwest of Edinburg
have not yet had a chance % be abandoned and left above the level of the
stream, Thus i% would appear that there is here a second knickpoint, and
that headward rejuvenation of the North Fork has not yet reached the lount
Jackson quadrangle, while the South Fork has been so rejuvenated throughout
the quadrangle.

The tufa dams wvere formed under scmewhat drier conditions than
are now found in the area and at sume time after the cutting of the present
valley floors along Holman and Smith Creeks. The deposition of tufa on
the dams appears to have stopped almost completely in both of these cases,
and some of the terraces are partly covered by alluvium. An increase in
humidity would tend to decrease the rate of deposition of ceuleium carbonate
from the streams, since an increase in the scmount of water in the streanm
would decresse the proportion of celeium carbonate in the stream. A
drier climate, on the other hand, would bring about & concentration in
the amount of celeium carbonate dissolved in the streams, resulting in its
eventual precipitation. It is thus quite conoceivable that these dams were
formed during the Post-ilacial Thermal Mgximum FClisatic Optimum®). This
thermal maximum is thought to have lasted for some 2000 years, perhaps
from 6000 to 4000 years ago; it wae characterized by higher temperatures and
lover humitity than prevails at preseat.

Since the time of tufa deposition the climate has become cooler
and more humid, resulting first in the aggradation of the river channels
as the mantle formed during the Thermal Maximum was poured into the stresms
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_ To the west two sections were measured along the east limb of
the Mount Jackson anticline. The first of these is just north of Cedar

Grove Church, between New Market and Mount Jackson; it includes the (rands
formation and the upper pert of the Edinburg formation., The same section
vas weagured vy Edmundson (1945, geologic section 41). A more detailed

section of the Uranda formation here is given .8 Geologic section 1.

Gsologle eection 18 In abandoned quarry and field north of
Cedar Grove Church, Shenandoah County.

OUranda formation
12, Shale , calcareous, with layers of nodular
fossllifercus 1imeston®. « « « ¢ « o o ¢ o «
Edinburg formation
Bppormuhmm
w.-ooln-oo-octu'ouli
m.u-m,m,mmnnw...
OeCoverede « o « s o ¢ ¢ s o 0 ¢ 6 s 0 0 2 s o
£, u.'m' m*, Mw,mw
“ﬂmogocnct-.oinonnsc
7. Limestone , dark-gray, nedium-grained,
clagtic, massive « + ¢ ¢ o o o 0 2 0 0 0 o
6. Limestone, light-gray, fine-grained, wavy-
w.‘.".'.".'.......
5. Linestone, black, fine-grained, thin-
Mww“.............
&e Limestone, vlack, ﬂu—miud,uqm
h%ﬁhlﬂlﬂdﬁl s ¢ s e 0 0 ¢ @
3¢ Limestone, black, fine-grained, wavy-bedded,
iahod.&h}lmhnih‘lok.-n......
2. Linestone, black, fine-grained, in beds 4
%o 12 inches thick + o o ¢« ¢ ¢ ¢ ¢ o o & o &
1. Lizestone, black, fine-grained, in beds 4

to 6 inehes thick, with argillacecus partings.
The Madden quarry west of New Market is the type locality of the

New Market limestone. The section here has been measured previously by
Edmundson (1945, geologic section 27) and by Cooper and Cooper (1946, geol-
ogic section 9). A somewhat less detailed section of this exposure is

ﬂm below.

55 feet

N Ow N wnB



Geclogic pogtion 19. Medden quarry west of Hew Market,

Shenandoeh County.

Lincolnshire limestone (lower 31 feet)

33.

Liwestone, black, fine-greined, thin- and
wavy-bedded; containg nodules and
stringers of black cherte « ¢ ¢« o o« o ¢ ¢ s »

llew Market limestone

N
3l.

30,

19.
18,

17.
16,

15.
1ie

10,
Pe

uﬂm.m,ﬂ.ﬂw.-......
Limestone, black, fine-grained, wavy-
bedded; weathers 1light gray . « « ¢« s« s » o o

Limestone, dove-grey, aphanitic, massive,
containg much crystalline calelite;

mﬂ:ll‘lﬂlitln..--...-...‘...-

Linestone , trownlsh-gray, aphanitic, massive;

contains angular fragments of limeston®  « « « «

Limestone , dove-gray, massive, aphanitic . .
Limestone , dove-gray, aphanitie, thin-beddedp
contains layers of clastic limestone. « « « «
Limestone , trownish-gray, » with
much elastic material; in beds 6 to 12 inches
M&;mmmm...ow..‘..
Limestone , dove~-gray, aphanitic, laminated. .
linestons, dove~gray, aphanitic, massive. . .
u-utono light-gray, nno-pnin-d,
Ltnam, dove-gray, ephanitic, with uvy
laminae and clay partings; contalns pyrite. .
Limeostone , gray, aphanitie, irregular bedding
Limestone , gray, coarse~grained, laminated,
WC“MN.........-
Linestone , dove-gray, aphanitic, massive. . .
Linnonl, dau-w, aphandtic, with

m‘m S e e & & 3 0 e s v & B B o
Limeptone , dove-gray , aphanitic, massive. « «

mum.dsnw,nphntm.dﬂt
m g 2 9 A B A &S B E S $ U &
Limestone , dove-gray, aphanitic, massive,
Et:mnmmetmuemm....
stone , light-gray, fime-grained, thin
MM “‘hdwm.iooctﬂboi
m-m,mw,mruw,m-
bodded , clastic ¢ o o ¢ ¢« ¢ 0 ¢ s ¢ ¢ s 0 ¢ o
limestons , dove~gray, aphanitic, with
irvegular Jaminae « « « « ¢ o 2 s o o 0 ¢ o o
Linestone , dove-gray, coarse-grained; a con-
glomerate composed of fragments of aphanitic
linestone in a course-grained matrix., . « « »
nnm,mw,mm,uﬂa
irregular lamings . « « s o o ¢ s 5 o 5 ¢ o @

Linestone, gray, aphanitic, laminated,
with clayey partings. » ¢« = o ¢ s o ¢ o a o o

G.HHM,MM,W..........

31 feet
/2
2-1/2

16-1/2

1-1/2
2

/2
1-1/2
s34
3= 4

2=l &
1-1/2

7-1/2
12
Y4

1-1/2

12
Y2

1-1/2



7+ Lizestone, trownish-gray, aphanitie,
with argillacecus lamings: « +  « ¢ o « o o
6. Linestone, dove-gray, aphanitic,
;Ig.ollﬂo..a....-.........
S stone , light-gray, aphanitic,
mw,mﬁh&qacnoiouq--
4o Breccla, composed of Lragments of dolomite
and limestons in an aphanitic dove-gray
Jduestone matrdx « « s ¢ o ¢ ¢ s 5 ¢ 0 4 & &
3. Lisestons, banded grey and dove-gray,
‘Muﬂo.utitclltqii--oco

2. Dolomite, caleitic, light-gray, fine-grained;

-

E 3

mh.mm.-toostion-.io-

1. Limestone , gray, apbunitic, thin-bedded

contains lensos of dolomite; weathers gray

Beekmantown formation

2
5-1/2
i-1/2
4

Along the west side of the Mount Jackson anticline two sections
of the lower Champlainian limestones were aleo measured. The first of
these was measured about one-half mile east of Forestville and includes,
besides the New Market and Lincolnshire limestones the lower part of the
Edinburg formation above the basal clastic member. Within this sequence
oocurs one bed belonging to the shale facies of the formation (Bed 12); the
occurrence of a calcarenite layer above the basal clastic member is also

recorded (Bed 16).

Geologic seotion 20. In fleld northwest of Holman Creek and
¢4 mile sast of Forestville, Shenandoah

County.

Edinburg formation
v member (Lower 150 feet)

pper
19, Limestone, black, very~fine-grained; contains

bands of yellowlsh clayey material. . » + «
w.w.-...--:-;o.o....-

17. Limestone, black, very fine-grained; contains

bands of yellowish clayey meteriale: . « + «
16. Calcarenite, gray, medium-grained, thin-
mwm!-tothotoo.nta

u'm.."’l“il"liil‘l.

14« Limestone, black, very fine-grained; contains

MdﬂMﬁMHm-.-..
13c Covered o o v ¢« s ¢« s ¢ s 4 o o 0 9 0 0 5 o
R.m,dﬂkw.ﬂlm..-.....

u. & ¥ & % % &4 & F ¥ ¥V U & "9 % & &

10, Limestone, black, very fine-grained; contains

bands of yellowlsh clayey material., . « « «
e CoOvared o o o v 5 & 5 5 5 5 2 5 8 5 8 b ¥ »

-
-

.

. % w » L

S8 wwlE

4 feet

K

<%



Bagal clastio member (45 feet)
8. Galcarenite, gray, medium-grained, thin-
m* e 9w O A 8% P EAE B W@ 7
?DWOQGQQQOJQQOQ'QQQQQOQO 60
Lincolnshire limestone (74 feet)
6. Calcarenite, gray, medium-grained, massive;
mmmlﬂfmﬂkm-c---n.-- ‘
5« Limestone, dark-gray, fine-grained, maseive;
mhiumofbllﬂtm....-.... 40
New Market limestone (168 feot)
4e limeatone, dove-gray, aphanitic, massive . . « +» &9
3. Limestone , dove-gray, aphanitics ocontains
mm#m-w.....-u.c-ﬂ
2¢ Limostone , dove-gray, aphanitic; contains
layors of dolomite « o « o s« s ¢ s o ¢ ¢ o s o @ 57
Beckmantown formation

I.Mﬂih,nﬂm,wa e & o s o
The second section on the west side of the anticline is in a

ravine north of State Road 615 and east of Virginia Highway 42. The
lover impure member of the New Market limestone is quite thick here,

Geologic gection 21. In ravine north of State Road 615 and
cast of Virginia Highway 42, Shenandosh
m.'

formation
Sasal oclastic member (64 feot)
7. Limestone, dark-gray, medium-grained,
ml-tﬂw-w.....-.o.....
6“‘“»..: * % & % & & & 0 8 ®
Wmmm{&h-t)
5. Limestone, black, fine-greined; conteins
m.dm&m-oavinoc.-oo-“
Hew Market limestone (223 feet)
4.unm,dm aphanitic, messive . « . « 140
3. Limestone -gray, aphanitie; contains
h.éll.'lﬂﬁim.lpm-o.--.-.. 674/2
mm,w,w clastic;
mmmmnem...... 16
Beelmantown formation
1. Dolomite, gray, aphbanitic, massive;
woathors white + ¢« ¢ ¢ v o ¢ ¢« o« ¢ ¢ 0 ¢ 0 s 6 »

54 feet
19

Finally, three sections were measured along the northweatern
belt of outcrop of the Champlainian limestones. In all of the sections
meagured along this belt of outcrop a great deel of difficulty was encountered
in locating both the bottom of the New Market formation and the boundary



between the Lincolnshire limestone and the basal member of the Edinburg
formation. In all three sections the base of the New Market has been drawn
at the top of the highest dolomite layer in the section; in cases where the
upper part of the Deelmuntown formation 1s limestone thias gives the Hew
Market formation a much greater thickness than elsevhere.

The first sectlon measured along this belt of outeorop is located
about two miles north of Forestville. Here the base of the New Market
linestone can be falrly well established, but the boundary tetween the
Lincolnshire limestone and the Ediniurg formation could not be located.

Geoleocic seotdon 22. In pasture 2.2 miles north of Forestvills,
Shenandoah County.

Edinburg formation, Upper member
16, Limestone, black, fine-grained, thin-

and wavy-bedded
15, lLimestone, gray, medium-grained, thin-

and nodular-bodded: « o« o« o » 4 5 5 » 5 0 0 & » 1214,/2“.
u.midnlot00010‘t0'oqoll nqu

Basal Edinbwrg formation or Lincolnshire limestone
13, Iimestons, dark-gray, fine-~ to
mam;mmmm-otmmm
local lenses of coquinoid limestons + « o o o o 70
1z, Lhuton-, gray, nedium~grained, elastic;

> % F Y RS @R FE S &S ERE'YSS EN u
Linoolmhinlhuﬁom
« Limestone, black, fine-grained, fosslliferous;
mm..l.’i'....."..!.l. 104/2
19, limestone, dark-grey, fine- to medium-
grained; contains loeal lenses of black chert . 5=1/2
9. limegtone, black, fine-graeined, thin-bedded . . 1

New Market limestons

8. Limestone, dove-gray, aphanitic; weathers gray. 16
7. Limestone , dove-gray, aphanitic; weathers

M“. wvith "mosalc" surface. « « o o o » s o 3“/2
6. lmwm, derk-gray, aphanitic, irregularly .
# &% ¥ 5 & & & ¥ & &8 8 ¥ ® BB A 8 R s
5. Linestone, dove-gray, aphanitic; weathers gray. 15
4+ Interbedded limestone and dolomite, « « « « » ¢ H/z

3. Limestone, dove-gray, aphanitic; weathers gray. S-1/2
2. Dolomitic lisestone, gray, fine-grained, banded %
Beekmantown formation
1. Interbedded dolomite and fine-gralned
lizestone



The second section measured along this belt is locuted about a
mile and a half to the southwest. Here also the upper limit of the
Lincolnshire limestone 1s difficult to locate; the base of the New Market
limestone, on the other hand, is rather clesyly marked by a thick dolomite
layer.

Geclogle pecidon gd« In field north of Highway 42 and
east of State Road s Shenandosh County.
Edinburg formation
Upper member

1l. Limestone, black, very fine-grained, with
m_»toncon-noncoc-oon 5 feet

shaly
10, liwestone, dark-gray, cobbly, fine-greined,
thin-bedded

I"..'Q&.l.l.lli'lls

orystalline, end wavy-bedded, rusty-
mm,\dﬁlrﬁlhm “ae ks e 23
Iincolnshire limestone
7+ Linestons, dark-gray, fine-grained, "porphyritic®,
thlh :mthu.worpiﬂ:ilh.. 21

ine-grained,
uobh‘.ln wummduluothh&oh-ﬂh
hwpaﬂ..-:.‘..........a...m
5. Limestons, dark-gray, fine- to medium-greined,
erystalline , vavy-bedded; ocontains black chert
stringers and reddish argillaceous partings . » » 51
New Market limestone
4o Limestone, dove-gray, aphenitic , massivej
mm-wmma a v % & »
J-H.lem,dmw . &
z.mummm.m,w
md-cracked s s « &« 2 » 0 ¢ 2 5 a2 v s 00 e« 17
Beekmantown formation
le¢ Dolomite, gray, fine-grained; weathors buff

The third section is located about another mile and a half to the
southeast. This same section was measured by Edmundson (1945, geologic
pection 36) with somewhat different results: according to Edmundson, the

*E&

Now Market limestone is only 125 feet thick here. In all probability scme
beds et the top of the Seelmantown formation have been included in the New
Market limestone of this writer's section. The lLincolnshire limestous in



this section is considerably thinner than in the section to the northeast.

(eclogic section 24« In field 1.1 miles west-southwest of
Forestville and north of State Road 614,
Shenandosh County.

Edinburg formution
Upper member
8. Limegtons, light-gray, fine-grained, nodular;
contains shale bands
?tM.tl.toctcoeaautltltto 101'..‘

Lincolnshire liuestone
5. Limegtone, black, medlum-grained, thin-bedded;
contaling gastropods and trilobites; contains

mdmmwopouattn-nﬂ-v 58
hlmm,m,w,nuﬁn'..... 12
e linestom aphanitic, massl 175
3e 'w @, Y8 +» » » »
2.uum,mw,mm.w;
containg erglillacecus partings « « « ¢« ¢ « s o s 32

Boekmantown formation
1. Dolomite, dove~gray, aphanitic; contains
nodules of white chert
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