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GEOLOGY IN THE VICINITY OF
FORDNICK, VIRGINIA

INTRODUCT ION

The Fordwick, Virginle, areas described is located
ebout twenty miles southwest of Staunton, Virginia, end
lies between latitude 38°2'! North and 38°7' North end
longltudes 79°19' West and 79°26' West (see Figure 2).

The aresa is approximately seven miles long and two and

a half miles wide, most of which lies in Augusta County
with & small portion extending southwestward into
Rockbridge County«. It is in the southernm half of the
Craigsville, Virginia, topographic quadrangle of the
United States Geological Surveye The area covers
approximately eighteen square miles of the Middle Section
of the Vallesy and Ridge physiographic province.

The town of Craigsville is located on the northwest
gide of the aresa described. The town of Fordwick and the
Lehigh Portland Cement Companyt's Fordwick plent are
located ebout one mile southeast of Cralgsville in the
valley between Black Osk Ridge end Brown Ridge. Black
Oak Ridge separstes the towns of Cralgsville and Fordwick.

The rocks of the Fordwick ares consist of limesitones,
dolomites, cherty limestones, sandstones and shales of
the late Silurien end Devonian ages. All have been folded
and faulted.



MAP SHOWING LOCATION OF
FORDWICK, WIRGINIA

Figure 2
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The purpose of this paper ia to present a detsiled
goeological map of Fordwlck, Virginis, snd vieinlity end
to prove the welue of chemiocal analyses as & means of
correlation of beds and determination of geologic
structure, The writer has been using chemical enalyses
for detailed interpretatlon of geologliec structure in
the Fordwick ares for the past eleven years. The {irst
detalled chemlcal correlation on the area wag mede In
1940 during an exploratory drllling program conducted
by the Lehigh Portland Cement Company. Additionsl work
has been done in the area intermittently from 1940 umtill
the present time. Quarry operations have proven thaet
the structural interpretations made In 1940 solely on
the basia of chemical analyses are correct in every
detail,.



PHYSIOGRAPHY

Drainage

The principal stream of the Craigsville gquadrangle
is the Calfpasture River which flows asouthwesbward
across the guadrangle in the wvallsy northwest of Great
North Hountain. The Fordwick area is drailned by the
Little Calfpasture River which flows southwestward in
the valley southeast of Great North Mountaln. Several
small streans flow approximstely parallel to these two
rivers. Numerous brooks flowing approximately perpendilcu-
lar to the major drainage of the area form the overall,
typical trellis drainage pattern. This follows the
geologlocal structure which trends northeast snd southwest
thrwughoub the entire quadrangle.

The Calfpasture River 1s physiographically the
oldest stream in ths Craigsville quadrangle and 1s in the
stage of middle to late maturity in the erosion cycle.
The Little Calfpasture River, not having developed an
appreclable flood plain as yet, is in esrly maturity.

Relief

Within the Craigsville quedrangle the elevations
range from approximately 1,460 feet ebove sea level, at
the southwest end of Estaline Valley, to 4,458 feet above
sea level at Elliott Knob on Great North Mountain. This
is & relief of 2,998 feet., Most of the mountain crests



are sbout 3,100 feet above sea level, and the valley
floor elevations range from about 1,500 to 1,650 feet.
In the Fordwick erea the elevatlons range from 1,460 to
about 1,850 feet above sea level on Black Osk Ridge and
about 2,000 feet on Brown Hidge. The maximm relief is
approximately 540 feet.

The most conapleuous topogrephic feature of the
quadrangle is Elliott Enob on Great North Mountain eight
miles northeast of Fordwick. Other prominent topogrephlo
features are Great North Mountain in the center of the
quadrangle, Shenandoah Mowntain to the northweat and
Little North Mountein to the southeast. In the Fordwick
ares, Black Qak Ridge and Brown Ridge are prominent,
These two rldges rise from the floor of the large valley
between Great North and Little North Mountalns. Little
Calfpesture River separetes the Black Osk and Brown ridges
southwestward from Fordwlck.

The area is now in the mature stage of the second
cycle of erosione. The first erosion cycle reduced all of
the area to base level, with the exception of Elllott XKnob
on Great North Mountain which remalned aa & monadnock.
Elllott Enob was e sandstone and conglomerate hill still
remaining ebove the peneplane at the time the general
uplift started the second cycle of erosion. The present
relief has been etched during the second cyocle.



The effect of the bedrock upon the topography 1s
well 1llustrated throughout the Craigsville topograsphic
quedrsngle. In general, sendstones snd conglomerates
form the mountain crests; shales the shoulders of the
mowvntelins and some of the valleys; the limestones underly
the velleyss The above statement, while generally
applicable to the Cralgsville quasdrangle as a whole, does
not apply to the ares Iin the vicinlty of the towns of
Craigsville and Fordwick where reglonal structurs, as
well as bedrock, have controlled the topography. Brown
Ridge and Blaek Oak Ridge are sntlclinal hills separated
by the gynclinal vallsy of the Little Calfpasture River.
The softer overlying shales have been removed and now
the underlying sandstones have alowed the rate of erosion,
s0 that they not only form the ridge ocrests but are also
found in the floor of the Little Calfpesture River valley.



GENYRAL GEOLOGY OF WESTERN VIRGINIA

PHYSIOGRAPHY

There are two major physlographle divisions In
Virginis. The Atlantlic Coastal Plain includes the belt
of lend 60 to 80 miles wide adjacent to the Atlantie
Ocean and the Continental Shelf. The balance of the
state lies within the Appslachian Hlghlends. The latter
term is brosdly used to include several well defined
physiogrephic provinces (See Figure 3) From the south-
east to the northwest these provinces are: The Pledmont
Provinge, & dissected upland varying in width from
40 miles at the northern pert of the state to sbout 170
miles along the southemn border. The Blue Ridge Province,
& relatively narrow ridge in the northern part of the
state which develops into a rolling platesu 10 to 65
miles wide In the southern part of the state. The Valley
and Ridge Province, a series of parallel valleys and
ridges forming 8 northeastescuthwest trending belt along
the length of the state. The Appalachisn Plateau
Provinee 1is the westernmost physlogrephic province of
Virginia, The plateau 1s 2,000 feet or more above sea
level and has been dilssected into e meze of deep ravines

and sharp hills and ridges.
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Valley and Ridge Province

The Valley and Ridge Province, whlch contains the
¢raigaville quadranglg, consists of a 25 to 50 mile
wide belt of parallel valleys and ridges lying adjscent
to the western boundary of the Blue Ridge Province,
The eastern part of the provinee, the Shenandosh Valley,
consists of a series of parsllel valley~like lowlands
ranging in elevation from 500 feet above sea level in
the valley floors to 2,500 feet in the divides. There
are no sharp or distinet ridges separating the valley-
like lowlands. The westemn part of the province consists
of nearly parallel narrow ridges and valleys. The ridges
in this latter part form en even sky line at an elevation
of about 3,100 fesetb.

The formations in the Valley and Ridge Province
reange in age from Cambrian through the Pennaylvanlan,
The rocks, because of their greatly varying resistance
to erosion, have an important effect on the topography.
The soluble fambrisn and Ordovicien limestones and weak
Ordoviclan shalss form the lowlands of the Shenandoah
Valley. In the woestern part of the provinece the resistant
sandstones and quartzites form the even~crested ridges,
and the shales and limestones produce the valleyse In
the central portion of this belt the Clineh ssndstone of
Silurian age 1s the principal ridge maker.
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The drainage is characterized by major streams
cutting aeross the geologlceal structure of the province,
A trellis drainage pettern prevalls In the provinoce.
After the land was reduced to a pensplane in poste
Triassic time, it was uplifted in a broad arch with e
steeper dip on the eastern slope. The major eastward
flowing streams cut back their headwaters faster then
the westward flowing streams and captured many of the
headweters of the latter. As & result, mmoh of the
drainage of the middle and northern parts of the
provinge flows eastward acrcoss the Velley and Ridge,
through nearvow gaps in the Blue Ridge, in deep valleys
across the Pledmont end across the Coastal Plain into
the Atlantle Ocean., The James is an example of these
eastward flowing rivers. The New Rlver, rising in the
Blue Ridge and flowing westward aeross the Valley and
Ridge Provinece, la an example of one of the westward
flowing streems whose originel direction has not been
changed. None of the rivers currently flows transverse
agross the entire beli of ridges in a course consequent
upon the uplifted and warped peneplane surface. The
present course of the major streams, including the James,
was determined by the character and structure of the
underlying rocks rather than the slope of the peneplane.

The first peneplanation of western Virginia, of
which there is s8%ill visible record, probably occurrsd



11

during Cretaceous or Jura-Creteceous time. There are
three distinet and well defined levels in the reglon:

The Upland Peneplane, preserved on the even ridge crests

of the Valley snd Ridge and Blue Rldge. The elevations
of this surface range from 3,200 to 4,600 feet above sea

levels The Velley Peneplene, preserved on the floor of

the Shenandosh Valley and its larger branches. The third
level 1is represented by the dissection of the Valley
peneplene by the rivers to depths of 400 to 500 feet.
(wWright, 1925)

The three above mentioned levels have created five
major elements in the topography (op. cit.). First:
Monadnocks on the Upland Peneplane, These hillg were
2ll thet remained above the base levelsd surface. They
remained either bscause the underlying rock was more
reslistant to erosion or because they were sltuated a
greater distence from the mein drainsge lines, In most
instances the former reason i1s probably correct, Second:
The remnents of the Upland Peneplane as preserved on the
crests of the major mounteins. This surface corresponds
to the highest peneplane (Kittatinny or Schooley) found
in Rew Jersey and Pennsylvania, Third: Monadnocks of
the Valley Peneplane. These are hills ranging in elevation
from the level of the Valley Peneplane to slightly below
the level of the Upland Peneplsne, These ridges, parallel

to the regional strike of the rocks, are generally
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associated with ths chert bearing limestones in the
Shenendosh Valley and the "low" ridges of sandstone and
quartzite farther west. Most of these ridges are not
noticed, unless one travels normel to the strike of the
region, Fourth: Remmants of the Valley Peneplena,.
During this cycle only the limestones and shalea were
beveleds This surface is referred to farther north, in
New Jersey and Pennsylvania, as the Harrisburg peneplane.
Fifth: Trenches cut into the Valley Peneplane represent
the fifth topographic element.

In the Fordwick srea several of the above mentloned
topographic elements are recognizable. Elliot Knob is an
example of the first. The crests of Great North and
Little North Mountains represent the second element.
Blaeck Oak and Brown Ridges represent the third element.
The valley between Great North and Little North Mountains,
underlein by shale, represents the fourth element. The
fifth topographic element, trenches iIn the Valley Peneplane
surface, 1s missing in the Fordwick area.

STRUCTURE
The Teconic and Acadlen disturbances had little if
eny effect upon the structure of the region. Following
the early Fermlian deposition, the Appalachian geosyncline
wes uplifted with asccompenying extensive diastrophism

referrsd to ms the Appalachlen revolution. The strata of
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the Valley end Ridge Province were strongly folded and
faulted at this time, Compreaslion came from the southe
east and geve rise to the present northesstesouthwest
gtructural trend, The'folds ere generally unsymmetrical,
the northwest limbs of the anticlines being stesper.
Meny of the folda are overturned, some pass into low
angle thrust feults. Erosion with perilodle uplift since
the close of the Paleozolic has formed the Valley and
Ridge topography as we know it today.

Within the Pledmont and Blue Ridge,Provincea the
Pro-Cambrian, Cambrien and Ordoviecisn rocks are much
distorted, West of the Blue Ridge Province, within the
Velley and Ridge, the rocks are intensely folded and
faulted; including overthrusting. Farther west, in the
Appalachisn Platesu, are the flat-liying strata,

In the Craigsville ares the folds ere open and
unsymmetrical , the feults are all high angle =smd normal,

STRATIGRAPHY

In this sectlon dealing with the stratigraphy of
western Virginis, only the Silurian end Devonlen
formations of the Velley and Ridge and Appalachian
Plateau Provinces will be considered. The formetions
which are included in the stratigrephle sequence are
shown in Figure 4. The detailed correlation chart of
the Helderberg group and the overlying and underlying
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Serles Group Forumstion
Misslssipplan
Chetauguen |Catskill
Upper
Devonian Chemung
Senecan Bralliler
Burket
Erian Romney Hamilton
Marcellus
Middle
Devondlan T~~~ ———————-
Devonian
Ulsterisn Onondage
Oriskanisn | Oriskany | Ridgeley
Shriver
Becraft
Lower New Scotlend
Devonian | Helder= Helder~ | Cosymens
berglan berg
Keyser
Clifton Forge
Big Mountain
Tonoloway
Wills Creek
Upper Cayugan Cayuga Bloomsburg
Silurien MeKenzie
Keefeor
Silurlian Middle Niagaran Clinton
Silurisn Csacapon
Lower ,
81ilurisn Medinan Clineh = Tuscarorsa
Ordovician
Flgure 4, Silurisn-Devonisn Formations of Valley and Ridge

and Appalachlan Plateau Provinces of Virginia.
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formations is ineluded in the Appendix.
Silurian
Lower Silurian (Upper Median)

Clinch sandstone ® Tuscerora guartzite. The Clinch
sendstone and the Tuscarors quartzite oocupy the same
stratigreaphlic position in the Valley and Ridge Provinoce
of Virginia. The oldest 3ilurian formation in the
southern part of the province 1s the Clinch sandstone.
In the central and northern portions of the province the

Tugcarora quartzsite is the oldest Silurisn formation,

The Clinch sendstone is found in eastern Tennessee,
gsouthwestern Virginle snd southern West Virginla snd 1is
nemed for exposures on Clinch Mountain, Hencock and
Hawkins Countles, Tennessee, and Scott County, Virginia.
In 1856, Je M. Safford (Geol, Reconn. Tenn. 1st Repte,

Pe 157) described the Clinch Mowntain sandstone as a

"light gray, generally thick-bedded sandstone, at meny
points sbounding In fucolids; sometimes contains layers

of conglomerats with pebbles the size of small psas®,
(Wilmarth, page 464) In 1869, Safford included 400 feet
of red sendstones and shales overlying his 1856 Glinch
Mountain sandstone In the formation and called these red
beds the Clinch red shales In 1895 and 1896, Arthur Kelth
(Ue540Ge3. EKnoxville follo, No. 163 Loudon folio, No. 253
and Morristown follo, No. 27) restricted the Clinch sende

stone to the upper white sandstone described by 3afford
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£s the Clinch Mountain sandstone and applied the term
Bays ssndstone to the underlying shales and saendstones.
Later geologlists found Kelth to be 1in error in his 1895
snd 1896 reportd, because his so=-called Baya sandstone
was actually older than the red sandstones underlying
the Clinche. The formations underlylng the Clinch sende
stone are now called the Juniata formation in the eastern
belt and the Sequatchic formetion in the western belt.
They ere assigned to the Upper Ordovicisn (Richmond). The
formation overlying the Clinch is of Clinton ags.
(Wwilmerth, 1938)

Wners exposed in Virginie, Charles Butts (Bubts,
1938) describes the Clinch sandstone 88 a medium to
thickebedded, messive, hard, gray sandstone or quartzite
that often contains a guartz conglomerate at the base.

The Clinch ranges from 50 to 200 feet in thickness. The
fauna of the Clinch includes Arthrophyeus and Hughmilleria.

The Tusearcra gusrtzlte 1s exposed in central,

southern and eastern Pennsylvanis, western Maryland,

western Virginia and easterm West Virginia. The Tuscarora
quartzite was nemed by W. Be. Clark in 1897 for exposures

in Tuscarora Mountain, Pennsylvania. In 1826, N. He Darton
(UeS4GeSe Pledmont follo, No. 28, and Franklin follo, No. 32)
deseribed the Tuscerora guartzite (in Virginia) as a white
and grey messive quartzite 250 to 480 feet thick that

underlles the red Cazcapon sandstone and overlies the red
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Junista formation. He ascribed it to pert of the Medina
of earlley reporits of the same ereas. In 1807, C. A,
Hartnagel (N. Y. State Mus. Bull. 107, pp. 34-35) peported
Arthrophycus es the only fossil from the Tuscarora sand-

stone, which is regerded as perhaps nesrly identicel with
the "White Medina™ of the Second Pennsylvanie and Kew York
Surveys. (Wilmerth, 1938) Bevan (Bevan, 1932) reported
the Tuscarorsa as ranging up to 400 feet in thickness and
equivalent to the upper Medina of New York State.

In southwestern Virginia, the Clinch overlies the
Sequatchie formation which 1s & red and green shale contein-
ing interbedded foasiliferous, impure limestone bedse. In
sentral and northern Virginie the Juniata formation,whiech
is egquivalent to the Sequatohle, underlies the Tuscarorea,
The Juniata formation 1s & red shale interbedded with fine-
grained, thick~bedded, reddish-brown sandstone.

The Clinch and Tuscerora formationa are the prineipal
ridge makers of the Valley and Ridge Province in Virginile.
Tuscarora Mountein in Pennsylvanle, North Mountain in
northern Virginle and Clinch Mountain in southern Virginia

are examplea of the mountains mede by these formations.

Middle Silurilan (Niagaran)
Clinton formetion. The Clinton formation is exposed

from New York to northeastern Tennessee and also in
Michigan. In 1842, lardner Venuxem (Geol. N. Y., pt. 3)
defined the Clinton "as consisting of green and black-blue
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shale, greenish end gray ssndstone, red sandstone often
laminated, calcareous sandstone, encrinal sandstone, and
red fossiliferous iron ore beds, the most prominent
menber being shale, thée next most prominent member the
greenish sandstone, and the third persistent member the
iron ore beds." He stated thet charasteristic masses of
these rocks oeccur around Clinton, Oneida County, New York;
that the overlying formation is Nisgara group = Lockport
group; and that underlying the formation is Oneids or
Shewengunk conglomerate. (Wilmarth, page 465)

The Clinton formetion In Virginis ocan be sepsrated
into three divisions. The lowest member l1s the Cacepon
sandstone, which ranges from 50 to 300 feet in thickness.
It consists of interbedded strate of hard, dsnse, red,

ferruginous sandstone snd shale. Butts (Butts, 1933)
reported large thickneasses of green shale and green send-
stone wlthin the Cacspon. In southwestern Virginia
(Craigsville quadrangle and southward) the lower beds of
the Clinton, which probably correspond to the Cacepon,
contain workeble deposits of foasiliferous hematitee.

The iron ore deposits at Estaline Furnace on Little Noprth
Mounteln are part of these beds.

The middle member of the Clinton formation includes
green shales, thinebedded, green sandstones and thicke-
bedded, gray sandstone . The gray sandstone, & continue-

tion of the Keefer seandstone of Pennsylvania, renges up
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to 200 feet In thicknesse. Mastlgobolbina and Bonnemaia

are found in this member.

The upper member of the Clinton conslsts of thin
limestone layers and 20 feet of soft shale, which 1is
correlated with the Roghester shale of Hew York State.
The upper member does not exceed 50 feet In thickness.
Dalmanites limulurus occurs in this member.

The Clinton formation attains 1ts maximum thickness

of 550 feet betwsen Clifton Forge and Monterey. At the
south end of Welker Mountain, near Marion, the Clinche
Clinton has thinned to 18 fest thick and 1s underlain by
the Juniate end overlain by limestone and chert of
Onondagen age. (Bevan, 1932)
Upper Silurian (Ceyugen)

Cayuge groupe The Cayugs group is exposed in New York,
Pennsylvania, western Maryland and Virginis. In 1899,
Je M. Clarke and Charles Schuchert (Science, n.s., vol. 10,
PPe 874-878) included in the Cayugen group the Msnlius
limestone, the Rondout water lime and Saline beds. They
epplised the term to the rocks exposed about the north end
of Cayuge Leke, New York. Chsarles Schuchert introduced
the name Cobblesklll limestone for the lower Rondout beds.
(Wilmerth, page 379) In 1908, G. H. Chadwick (Science,
NeSsy Vole 28) excluded the Saline beds from the Cayuga
groupe At present, United States Geologleal Survey includes
in the Cayuge group (ascending) the MeKenzie formation,
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the Wills Creek shale and the Tonoloway limestone. The
Virginia Survey considers considers the Cayugsa group to
include (escending) the McKenzie, the Bloomsburg, the
Wills Creek snd Tonolowsy.

McKenzie formetion. The lMcKenzie formation 1s

axposed from central Pennsylvanis southward through
western Maryland Into northesstern West Virginle and
northern Virginiae. The type section of the MeKenzie
formetion is at McKenzie Statlon, Allegany County,
¥Merylend. In 1912, G. W. Stose (U.S.G.8. Pawpaw-Hancock
folio, Noe. 179) described the MeKenzie as the bassal
formatlon of the Cayuga group overlylng the Clinton shale
and underlying the Bloomsburg member of the Wills Creek
shales He deseribed the MoKenzie as 170 to 300 feet of
thin beds of gray crystalline limestone in gray shale
with 40 feet of hard, white sandstone (Keefer sandstone
member) at the bese. In 1911, E. 0. Ulrich {(Geols. Soce
Am. Bull., vol. 22) desceribed the Keefer sandstone &as a
locel basal member or faclies of the MoKenzie (op. elt.
peges 1253-1254).

The MeKenzle shale is found only In the northern
half of Virginia. It consista of 75 feet of blue clay
shale, which turns yellow upon weathering, and thin beds
of fossiliferous limestone. Ostracods, such as Kloedenia,
are sbundant in the formation and are characteristie.
Probebly the best exposures of the McKensle in Virginia
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are those of Highland County. (Butts, 1933)

Bloomsburg formation. The Bloomsburg formation 1s

exposed from southeastern New York through central northern
New Jersey and across Pennsylvanisa and western Maryland
into northern West Virginla end western Virginie.
I, C. Wnite in 1883 (2nd Penna. Geol. Survey Report G7)
epplled the rawme to 440 feet of beds visible slong the
east bank of Plshing Creek at the north line of the town
of Bloomaburg, Columbla County, Penna, In 1931, C. K.
and P. M. Swartz {(Geol. Soc. &ms. Bull., vol. 42, no. 4)
described the Bloomsburg formation as representing a
"lithological phase--not a geological age. It accumulated
on the continental margin to the east while different
marine deposits were formed to the west". (Wilmarth,
page 214) In the ssme paper they peported tracing "the
Bloomsburg red beds southward into Marylsnd snd eastward
through central and eastern Pennsylvania to Delaware Water
Gap, where it was called Clinton by Chence and High Falls
by Stoses It is continuous with Medina-Longwood ssnde
stone of New Jerssy and High Falls red beds of Hartnegel
in southeastern New York. It is manifest 1t is the same
formation throughout this entire area and should have one
name to avoid confusions The term Bloomsburg hes priority"
(ope clt. pege 214).

In Virginie the Bloomsburg formetion is a red shale
with thick-bedded, red end green sandstone strata inter-
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bedded, In Powell Mountaln near Woodstock it 1s sbout
200 feet thicke. It thins northward and in Great North
Mountalin near Winchester it iz only 100 feet thilck. There
are very few fossils in the formation and it is probebly
of nonemarine orlgin. In the Massanutten Mountain area
and south from Winchester, the Bloomsburg generally rests
on the Tuscarors quartzite, execept In local areas where it
overlles thin beds of the MoEenzle. Probably the best
exposures of the Bloomsburg in Virginle are in Great North
Mountain in Shenandoah Countye

Wills Creek formation. The Wills Creek formation is
exposed from central Pennsylvania southward through western
Haryland into western Virginia, It was nemed for cone
spicuous exposures along Wills Creek at Cumberlend, Maryland.
In 1905, Pe Re Uhler (Md. Acad. Sci. Trens., vol. 2)
desoribed the Wills Creek as 150 feet of "yellow shales
(black when fresh), argillaceous and celcareous, with a
few thin layers of dark-purple sandstone and two feet of
coarse dark-purple wnfossilifercus sandatone &8t the base."
(Ope oit., page 2344) He reported the formation as under-
lying "Lower Helderberg® snd overlying the "water lime".
In 1911, E., 0. Ulrich (Gecl. Soc, Ame Bulle., vol. 22)
reported the Wills Creek as overlying the Bloomsburg sande
stone and‘undérlying the Tonoloway limestonee.

In Virginie the Wills Creek consilsta of greenishegray,

frlable, calcareous ssndstone and shele. Near HWonterey,
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the Wills Creeck formatlon iIncludes 30 feet of shale.
(Bevan, 1932) Northwerd the sandstone inecreases in
thickness and resches 50 feet north of Winchester., In
Highlend County the Wills Creeck 1s underlain by McKenzie
{Bloomsburg is missing) and overlain by Tonoloway. In
Clinch Mountain, Tazewell County, it lies between the
Clinton and Omondasga. (Butts, 1933) The formation
contains ebundant Leperditie elongets willsensis. Butts

(cpe cite) suggests the Wills Oreek continues southwest-
ward Into Tennessee where it 1s represented In the
Sneedville limestonees The Wills Creek 1s well exposed in
Highland County.

Tonoloway formatione The Tonoloway formation is

exposed from ocentral Pennsylvenia southward to western
Yirginia.' The type section of the formation is on the
lower slopes of Tonoloway Ridge, Washington County,
Marylend. In 1811, E. Oe Ulrich (Geol. Soce. Am. Bull,,
vol, 22) deseribed the Tonoloway as underlying the
Bosgardsville limestone and overlying the Wills Cresk
shale in the Pennsylvania, Maryland-Virginia reglone.

Tn 1912, Ge. We Stose (U.3.G.5. Pawpaw-Hancock follo,

Nos 179) described the Tonocloway as the top formation of
the Cayuge group and conslsting of 400 feet of limestone
with some shale, In the same paper Stose sald the
Tonoloway overlles the Wills Creek shale and underlles
the Helderberg limestone. (Wilmarth, page 2164)
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Ce Ko Swartz stated "Recent studies of the writer tend
to show thet the Tonoloway is probably the same as the
Bosserdaville of Pennsylvania and New Jersey." (Swartz,C.G.,
1913, page 105)

In Virginia the Tonoloway is a thinebedded or
leminated, dark gray limestone. In northern Augusta
County 1t is 25 feet thick. Westward in Highland County
it reaches 300 feet iIn thickness., In the Clifton Forge
arse to the south it is 200 feet thicke In northern
Virginie 1% thickens to 400 feets The ostracod
Leperditia alta generally cheracterizes the Tonoloway

limestones There are good exposuresa of the formation In

Highlaend Countye

Devonlen
Lower Devonian

Helderberg group. The Helderberg group i1s exposed
from New;Yerk southward through New Jersey, eastern
Pennsylvania and weastern Maryland into northern West
Virginie and Virginia. The type section of the Helder-
berg group forms the basal part of the Helderberg
Mountains in Albeny County, New Yorke. A cheart included
in the Appendix showa the historieal development of the
torm Helderberge The correlstion chert in the Appendix
traces the Helderberg formetions from New York southward

through Virginia to Alabame,
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Keyser formatlone The Keyser formation is exposed

from Pennsylvanie through western Maryland into northern
West Virginia and western Virginia, The type locality of
the Keyser limestone ias Keyser, West Virginia. E. O
Ulrich in 1911 {Geol. Soc. Am. Bulls, vole 22) first
desceribed the Keyser as the "besal formation of Helderberg
of New York, Pennsylvania, Meryland, Virginle and West
Virginia,." (Wilmerth, page 1080) In 1913, C. K. Swarts
(¥id, Geol. Surve Lower Devonian vol.) described the Keyser ‘
g 270 to 290 feet of "limeatone, messive and very nodulsar
in the lower pert and more shaly and thin-bedded above.
Rich coral end brachioppd fauna." (Op. oit., page 1090)

Cs Ko Swartz considered the Keyser as the basal member of
the Helderberg formation, underlying the Coeymans member,
probably unconformably, and overlying the Tonoloway
formation. He further stated the Keyser to be clearly
trensitional between the Slilurian and Devonians The
Keyaer contalins some Helderberg fauneal elem&gts, 80 on

the principal that the sge of the formation 1s that of its
youngest fauna the Keyser was placed in the Helderberg
even though the majority of its species are distinctly
Silurisn. (Op. cit.)

In Virginia the Keyser formation includes the Blg
Mountein shale and Clifton Forge sandstone members. These
two members arse desoribed belows In the type locality at
Reyser, West Virginie, end in the northern pasrt of
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Virginla the Keyser formation consists of 270 to 280 feet
of limestone. The upper portion of the beds are thin to
medium=bedded, dark-blue, shaly limestone. The middle
portion of the formation 1s more massive and less silliclous
than the upper beds. The lower portlon of the formation
1s thin-bedded, blue, nodular limeatone. From north-
central Virginla southwestward the Blg Mountain shale
displages the middle portion of the Keyser. The shale
inoreases in thickness southwestward and resches a maxlmum
thicknoess of 45 feet and displaces the upper beds of the
lower portion as well as all of the center portion of the
Keysers In the vicinity of Bolsr, Virginia, the Big
¥ountain shale member is intertongued with and gradually
displaced by the Clifton Forge sandstone member. The
Clifton Forge sandstone increases to & maximum of 90 feet
in thickness southward from Bolar. The upper limestone
portion and the basal limestone beds remaln as part of
the Keyser throughout most of its extent in Virginia.

In the Clifton Forge area and southward the limestone
facies of the Keyser becomes more and more arenaceous and
the formetlon thins to extinctione.

The Keyser as a formation, including the Bilg Mountaln
shale and Clifton Forge sandstone members, thins southward
and eaatward from Keyser, Weat Virginia, Southward from
Clifton Forge the Keyser thins rapidly and 1s not seen
gouth of Gala, Virginia, end 1s absent in the Saltville
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and Big Stone Gep areas where the Tonoloway 1s in contact
with sandstones of spparent Coeymans age. (Swartz, F. M.,
1929, page 29) The Shenandosh River from the Potomac
River southward to Staunton generally merks the eaztern
limits of the Xeyser. The following fossils are usually

abundent in the Keyser formation: Chonetes jergeyensis,

Whitfieldells minuts, Favosites helderbergiase var.

praegedens, Uncinnulus sonvexorus, Merlsta typa,

Stropheodonta bipartite, Spirifer modestus, Camerotoechia

aitiplicate, Rensselmeria mutebilis, and Gladopora

rectilineats.
Big Mountain shele. The Big Mountain shale is

exposed in northern Weat Virginis and western Virginia.

The type section of these bsds ls in Big Mountaln near

the village of Upper Tract, Pendleton County, West
Virginla. In 1929, F. M, Swertz (U.S.G.3. Prof. Peper

158) deseribed the Big Mountain as 30 to 61 feet of greenish
to yellow caleareous shale with some impure limestone beds.
The Big Mountain shale separates the upper Keyser limestone
member from the lower limestone member. The shale thins
northward and southward from the type locality. Southward
from Bolaer, Virginie, the Big Mounteln shale 1s replaced
by the Clifton Forge sandstone with which it intertongues.
(¥ilmerth, 1938) Included in the fauna of thils member

ere: Chonetes jerseyensis and Cladopora rectilinesta.
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Clifton Forge sandstone. The Clifton Forge sandstone

is exposed iIn central western Virginia., In 1929, F. M.
Swartz (U.S.G.S. Prof, Paper 158) applied the term to the
sandstone beds of the Keyser in the vicinity of Clifton
Forge, Virginias, The Clifton Forge ls a csleareous to
shaly sandstone with some arensceous shale. It ranges
from 66 to 102 feet in thickness and intertongues with
and displaces the Big Mountain shale and the lower beds
of the upper Keyser limestone south of Bolar, Virginia.
Cosymens formation. The Coeymens formation is

exposed In eastern Wew York, New Jersey, Pennsylvania,
western Naryland, northern West Virginls and western
Virginis, The term Coeymans was first applled to sxposures
at Coeymans, Albany County, New York, In 1899 by J. M.
Clerke snd Charles Schuchert (Sci., nes., vols, 10) to the
Lower Pentemerus (Helderberg and Petamerus limestonss) of
former New York geologists. New York State reports
deseribe the Coeymens as a vertlcally jointed, herd,
massive, blulshegray limestone. (Op. gite, page 481)
In Wew York State the Coeymens 1s the baassal member of the
Helderberg group end overlies the Nenlius (Silurian) end
underlies the Kelkberg (which in turn underlies the New
Seotland).

In central end northern Virginla the Coeymasns is &
massive, thick-bedded,; crystalline, highly crinoidal
limestone, In south centrel Virginia the formation
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gradually becomes sandy and south of New Rilver is a
coarse, caleareous sandstones In the northern part of
the stete the Coeymanas 1s 20 to 25 feet thick. It
inereasges in thickness southweatward and In the central
part of the state is up to 60 feet thicke. South of Bolar
it agelin deereeses in thicknesa.

The contaet with the underlying Keyser is readily
identif'iable since, especlally in the southern pert of
the statey the bsszal Coeymans is usually erenaceous. The
contact with the overlying New Scotland, where the latter
is sandy or cherty, can easily be lidentified on the
lithologlc &3 well as fauna; basise. In areas such as
Fordwlek and Bells Valley, however, the New Seotland end
Coeymens have almost ldentlieal lithologies and the contmot
¢can be drawn only on the basis of the presence of

Eospirifer macropleurus, indicating New Seotland, and if

present, the Meristells srousta zone found neer the top of
the Coeymans.
The diasgnostic Gypidula coeymenensis is common in the

Coeymens in the northern part of the atate. This key
foasil becomes scerce to the southwest and has not been
found In the Fordwlek-Clifton Porge areae.

New Scotland formstion. The New Scotland formation

is expoged from eastern New York southward to northern
West Virginia and western Virginia. The type section of
the formation 1s et the town of New Scotland, Albeny
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County, New York. In 1899, J., M. Clarke and Charles
Schuchert (Sci., ne.s., vol. 10) first applied the name
New Scotland to the Catskill or Delthyruls shaly lime-
stone of former New York geologlists. In New York the
50 to 127 feet of New Scotland beds overlie the Kalkberg
(which overlies the Coeymans) limestone and underlie the
Becraft limestones Southward from Pennsylvanila the
Kalkberg is mlssing and the New Scotland rests on the
Coeymens and underlies the Becraft limestone. (Op. cit.,
pege 1493)

The New Scotland from Keyser, West Virginia, south-
werd to Monterey, Virginiae, is & cherty limestone meintaine
ing a constent thickness of 25 to 35 feet. South of
Monterey the cherty limestone i1s displaced by caloarsous
sandstones Fa. M. Swartz (Swartz, F.M., 1929, page 41)
has applied the neme Healing~Springs sandstone to this
facies of the New Scotland. He reported this sandstone
facies as “"gquite unfossiliferous at Clifton Forge and

Gala", It contains fragments of Eospirifer macropleurus.

At FPawecetts Gap near Wincheater and in the Fordwick-
Bells Valley area, the New Scotlend is present as a
massive, thick-bsdded, crystalline limestone similar to
the underlying Coeymenss Fe M. Swartz (op. git., 1929)
reported the New Scotland as cherty at Fulks Run about
midway between Fawecette Gap and Fordwick end neerly on

the strike between these two locslities. He further
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reported the New Scotland as cherty at Craigsville about
4 miles north of Bells Valleye. The present writer hes
found Eospirifer masropleurus in non-sherty, ecrystalline

Bells Valley type New Scotland one and & half mlles southe
east and one mile east of Cralgaville, and one mile south
of Augusis Springs. In these localities the overlying
cherty material is Bseraft. No outerops were avaliable

to limlt the extent of the cherty facles of the New
Scotland closer then given above.

Bepraft formation. The Becraft formation 1s exposed
from eastern New York southward through Pennsylvania end
western Maryland into northernm West Virginias and western
Virginia. The term Becraft was applied by James Hall to
exposurss on Beeraft Mountain, Columbla Couwnty, Wew York,
In 1893, Hell (N. Y. State Geols 12th Ann. Repis) spplied
the name Becraflft to the Upper Penteamerus limestone or
Seutella limestone of former New York geologista, N. He
Darton, in 1894, (N, Y. State Mus. 47th Ann. Repte)
reported the Becraft limsstone as 8 pure, seml«crystalline,
massive, very fossiliferous limestone up to 6C feet thick
underlying the Upper Shaly (Port Ewen) limestons and over-
lying the Lower Shaly (New Scotland) limestone. (Wilmarth,
page 142) In New York thers are two younger Helderberg
formations recogniszed, the Port Ewen and Alsen limestones.
In sentral Pennsylvenia and southward the Beeraft 1s the

top formatlon of the Helderberg group and underliea the
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Oriskany and overlies the New Scotland.

In Virginla the Becraft ls restricted to the eastern
helf of the Valley and Ridge Province occupying the New
Scotland=-Oriskeny (Ridgeley) iIntervel with the Shriver
sbeent. In the western half of the province the New
Scotland-Ridgelsy interval 1s ocecupled by the Shriver and
the Beoraft 1s missinge.

The Beeraft, In the central and northern part of the
outecrop belt, 1s a medium-bedded, derkegrey to black, cherty
limestone below grading upward into & chert-free, mediums
bedded, dark gray limestone. In the southern part of the
Becraft belt, from New River southward, it apparently has
chenged to a coerse sandstone. South of New River the
sandy Beoraft is apparently the only representative of the
Helderberg group present. (Schuchert, 1943, page 260)

The faune of the Beeraft include Spirifer concinnus,

Rhipidomella assimilis, Streptelasma strictum, Uncinulus
abruptus, Schuchertells woolworthens, end Eatonla

peculiaris.
Oriskeny group. The Oriskany group is exposed from

New York southward through Pennsylvenle and western
Maryland Into sastern Weat Virginia and western Virginia,.
The term Oriskany sendstone was applied by Lardner
Vanuxem in 1839 (N. Y. Geols. Surv., 3rd Rept.) to 30 feet
of white sandstone at{ Origkeny Fells, Hew York. The
United States Geological Survey uses the term Oriskeny
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group to include the Esopus grit at the top, Oriskany
sandstone and Port Ewen at the base, Where the deposits
of Oriskenien age are not differentiated the term Orliskeny
aandstone 1s applled. The New York State Survey conslders
the Port BEwen to be part of the Helderberg group.
(Wiimarth, 1858) In New Jersey and Penmsylvanis the
Esopus 1s grouped as Onondagen (Ulsterian).

In central Pennsylvania, Msrylend and ncrthern
Virginia the Oriskany group includes the Shriver chert
below and the Ridgeley sandstone above. In centrsl
Virginie the reliatlonship of the Oriskany to the wmdere
lying Helderberg is not clearly differsntiated. F. M,
Swartz (Swertsz, F. Mes 1929) pleces the Shriver in the
same apperent strabigrephic position as the Beoraft, that
is, underlylng the Rldgeley and overlyling the New Scotlend,
but it is not its sgumls No sections have been described
where both the Shriver and Becraft formationa are present
together. Sections 20 miles apart will show them in the
same stratigraphic positlon.

Shriver chert. The Shriver chert 1s exposed from
central Pennsylvenia through western Maryland to esstern
West Virginia and central western Virginla., The typse
locality of the Shriver shert 1s Shriver Ridge at
Cumberland, Marylende C. Ko Swartz first desoribed the
Shriver in 1812 (Md. Geol. Surv,. Lowsr Devonlan vola.)

"ag & dark siliceous shals with much black impure shert
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in nodules or layers of nodules. Thickness 0 to 100 feet.
Basal member of Oriskany formation. It wmdsrllies Ridgeley
sandstone and overlies Becreft member of Helderberg
formetion. Meager fauna," (Wilmarth, pags 1991)

The Shriver in Virginia i1s = dark gray silieseous
shele with much interbedded black chert, It iz overlain
by the Rldgeley sandstone containing the¢ charaeteristic
Costispirifer erenosus., Throughout the western half of

the central part of the Velley snd Ridge Province of
Virginie the intsrval between the New Scotland and
Ridgeley sandstone is ocoupled by the typleal Shriver
cherty shale. In the eastern helf of the area the New
Scotland-Ridgeley intervel 1s occupied by typical Becraft
limestones Throughout the Shriver erea of Virginie 1t ia
100 to 110 feet thicke In the Fordwick sarea the intervel
between the New Scotlend limestone and the Ridgeley
(Oriskany) sandstone 1s occupied by typiocal Beoraft cherty
limestone.

Ridgeley sandstone. The Ridgeley sandstone 138 exposed

from eastern Pennsylvania to eastern West Virginla and
central western Virginia. The type locality of the
Ridgeley is at Ridgely, West Virginie (note difference in
spelling)e In 1913, C. K. Swertz (Md. Geol. Surv., Lower
Dev. vols) described the Ridgeley sandstone member as

“"calcareous sendstone, which passes into an arenaceous

limestone., Top member of Oriskeny formation. Thickneas
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50 to 250 feet. Closely resembles Oriskany of New York
in lithology and fauna. Overlies Shriver chert member
and underlies Rommey formation which contains Onondage
fauna in basal beds." (Op. git., pages 1812-1813)

In Virginie the Ridgeley 1s a thick-bedded calscareous
sandstone which upon weathering becomes frieble and
pitted with numerous molds of large fossll shells.

Costispirifer arenosus end Rensselserim "ovoldes" are the

common and characteristic fossila of the Ridgeley. In
northern Virginia the formation is 150 feet thick. It
thins southwsrd and 1s 35 feet thick at Fordwlck., It hes
not been recognized south of the Clifton Forge-Cevington
area of Allegheny County where 1t 1s present as sandatone
lenses up to five feet In thickness.

In this paper, since the only Oriskenian present iIn
the Fordwick eresa is the Ridgeley member, the sandstone
occupyling the Beeraft-Rommey interval 1s referred to as
the Oriskany sandstones

Middle Devonisn

Cnondega formation. The Onondage formation is
exposed from New York southward through Pennsylvanias and
western Maryland into northern West Virginia snd western
Virginia, The type section of the Onondeaga limestone ia
in Onondega Couniy, New York., Throughout most of Virginils,
West Virginila and western Maryland the Onondage 1s
included in the Rommey shale &s the Onondage shale member.
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However, in southwestern Virginia the Onondage i3 a lime-
stone and is considered as & separate formation, as it is
in New York, and ls treated here &s such. In 1859, James
Hall first mentioned the "gray orinocidal or Unondsgs lime-
stone" as underlying the Seneca limestone and overlying
the Orlskeny sandstones He described the Onondage as a
gray of grayisheblue, compact limestones In 1905, J. M.
Clerke and De De ILuther applied the name Onondaga %o the
65 to 70 feet of limestone overlying the Orisksny quartzite
end underlying the Marcellus shales, (Op. cit., 1938)

In Virginia the Onondaga has two distinet lithological
facless In the southwestern part of the state it 1a a
dense, mediumebedded, bluishegray cherty limestone. Near
the base of the formatlon, sandy shale strate or thin
layers of argilleceous limestone frequently are present.
This facles of the Onondega 1s 75 to 100 feet thieck and
is trested as 2 distinct formetion. The best exposures
of the limestone facles of the Onondaga are found in the
Clingh Mountain in Smyth County. In Rockbridge County
the limestone facles ls represented by & foot of cherty
limestone in Panther Gep (about 16 miles southwest of
Craigsvillel}.

From south-centrel Virglnie northward, the Onondags
at the base of the Romney l1s repreaented by 50 to 60 feet
of brown to greenish shale, which turns yellow upon
weathering. In northern Virginia and Maryland the
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Opondage shale la dark brown to bleck when unweathered.
This portion of the Rommey conteins the typlecal Onondega
fauns as found in the limestone facies farther south, such

es Schuchertella pandora, Chonetes scutiradiatus, Anoplis

nuclests, Leptocoelis acutiplicata, Bollia ungule, and
Cctoneris stigmats. (Schuchert, 1943, pege 261)

The Onondage overlies the Oriskeny ssndstone. Whers
present as & limestone facles, the Onondage underlies
shales of Marcellus age which ere mspped as the lower peart
of the Rommey shales In the Onondags shale aress, the
formation underlies sheles which are mapped as the Romey.

Middle and Upper Devonilan

Rommey shele. The Rommey shale or its correlative
is exposed in southern Pennsylvania, western Marylsand,
enstern West Virginias, and central and northern Virginis.
The formation received its name for exposures at Romney,
Haupshire County, West Virginia. In 1892, N. He Darton
(Am. Geol., vole. 10) first applied the neme Rommey to
"the 500 to 900 feet of the besal series of Devonian
sediments in central Appalachian Virginie®, (Wilmerth,
psge 1840) He deacribed the beds as fissile shales, in
greater part black or dark brown, sonteining cocasional
thin beds of sandstone and limestone. The sheles, accord=«
Ing %o Darton, unconformably overlie the Montsrey sand-
stone and underlie the Jennings formation and contains

Hamilton fossilss Cs Wu Stose in 1809 (UeS«GeSe Mercers-
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burg-Chambersburg, Pa., folio, No. 170), and others

more recently, considered the Rommey shale to include
beds equal to the Onondage, Marcellus and Hamilton
formatlons of New Yorke The overlying Jemnings formation
includes the Genessee (Burket), Portage and Chemunge.
Charles Butts in 1932 (Va. Geol. Surv., Bull. 34)
designated the Romney shale to include Onondsga, Marcellus,
and Hamilton members. He dld not report the presence of
definite Genesee (Burket) beds. Butts applied the name
Bralllsr shale to the beds of Portage age that overlie
the Romney shales., (Op. cite, pages 1840-1841)

In Virginia the term Rommey shale 1s gpplied to the
entire thickness, 500 to 1,000 feet of yellow, green or
black, fissile shale lying between the Oriskany sandstone
{or (nondaga limestone) below and the Bralller shale
aboves The Rommey includes, in ascending order, shales
of Oncndags, Marcellus, Hamilton, end Genesee (Burket)
ages,

As mentlioned, above in southwestern Virginla the
Onondaga l1s limestone and not Ilncluded in the Romey
shale, The Marcellus member of the Romney is a black,
fisalle shale wlth poorly defined limits conteining
Buchiola retrostriata and Leiorhynellus nysius (Kindle,

page 44), and is belleved to be present throughout the
entire extent of the Romney. The Hamilton menber of the

Romney 18 represented by & dark green, fossiliferous
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shale with some Interbedded ssndstone layers. The
Hamilton member has not been recognized in the Romney
farther south than Shenendosh County. The beds of
Genesee 7 and Naples age are dark colored, fisaile
shalea,

In southwestern Virginia where the Mercellus snd
Hamllton members sre missing, the blsok shale lying
between the Onondaga limestone snd Brallier shale is
referred to aa either Rommey or "black shale of Devonilan
age". (Wilmarth, 1938)

Brallier shale. The Bralllier shale is exposed from

central Pennsylvenis southward into northern Virginis.
The type section is named for & rallway station six mlles
northeast of Everett, Bedford County, Pennsylvania.

Tn 1918, Chsrles Butts (Ame. Jour. Sci., 4th series,

vole. 46) described the Brallier as sonsisting of 1,350

to 1,800 feet of "fine-grained, siliceous shale, in thick,
even layers, revealing filssility on weathering; largely
wavy or dimpled laminme; some even and slaty; & few thin
fine-grained sandstone layers". (Op. cit., pege 250)

He reported the Brallier as the upper formstlon of the
Portage group and overlying the Harrell shales and undere-
lying the Chemung formation. (Op. git.) Fosails are
rare in the shale but the sandstone lenses, In Pennsylvenla,

carry "Ithaca®™ fossils,
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In Virginie the Brallier formatlon consists mainly
of shales with some iInterbedded seandstone. The shaly
atrate renge from slliceous or micaceous, derkegray,
fissile shale to moft, lamineted, arglllaceous rock.

The materlal wesathers to & yellow color with black
manganese stains commons The sandatone is greenishe
brown on the fresh surface and weathers to & rusty-
brown. The sandy strata range from & few inches to a
foot or more in thickness esnd the beds characteristicselly
malntaein their thickness within any one exposure.

(Butts, 1933)

In northern Virginie the Erallier 1a 3,000 to 4,000
feet thick and forms the lower part of the Kimberling
shale of the Pocahontas folio. (Campbell, 18908) Southe
westward the formation thina and in Smyth County, in
southwestern Virginia, is 1,000 feet thick. The Brallier
shals is well exposed near Millboro, Bath County, and
near Jennings Gap, Augusta County. Fosslls are scarce

but oscasionally the pelecypods Buchlole and Pterochsaenis

are found. (Bubtts, 1833, page 34)
Upper Devonlen (Upper Senecan, Cheteuquan)
Chemung formation. The Chemung formation 1s exposed
throughout western snd central New York, central and
northern Pennsylvania, western Meryland and western
Virginia., The name was flrst epplied to the beds
cecurring in the velley of the Chemung River and in the
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town of Chemung, Chemung County, New York, in 1839 by
James Hall (N, Y. Geol. Surv. 3rd Repte)s In 1840,

{Ne Yo Goole Surv, 4th Repte) he stated the Chemung group
underlies red sendstone, which 1s equivalent to the 0ld
Red Sendstone of HEurope, and overlies the Portage groupe.
Hall described the Chemung as consisting of (descending):
(1) "Green shales with thin beds of sandstone; (2) derk,
neerly black, sandy, highly micaceous shale with septarias,
iroen pyrites, and thin interstratified masses of gray
sendstone conteining Chemmng fossils; (3) greenish-olive
sandy shale or very shaly sandstone, very slaty."
(Wilmerth, page 411) 1In 1846, Ebenezer Emmons (Agric.
Ne Yo vols 1) described the formation as underlying the
Catskill group and overlying the Portage group. (Op. git.)
Since 1846 the New York Geologleal Survey has not changed
the upper or lower llmits of the Chemung formation, Many
chenges , however, have been made In the correlation and
designation of the members of the formation,

The term Chemumg formation is applied, in Pennsaylvania,

Maryland and northern Virginia, to a serles of merine sand-
stones and green, gray and brown shales of late Devenlen
age which are older in part and in part grade lateraslly
into the continental red beds known as the Catskill facles.

The Chemmg formation, as so designated, overllies sand~
stones and shales contalning Portage fauns and designated

as the Portage formastion. In western New York and northe
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western Pennsylvania, the Chemmg is overlain by younger
merine Devonian beds variously named but absent in
Virginia. (Op. cit., page 413)

The exact boundary between the Chemung and the under-
lying Brellier shale is difficult to determine,since the
eontact 1s gradetional between these two formationse. The

Chemung contact is drawn where Cyrtospirifer disjunctus

first appearss This 1s generally the only criterion
avallable for drawing the Chemmg«Brallier contast,since
there is rarely any lithologlec changes (Willard, 1939,
page 248) "Chadwlek (Geols S0ce Ams, Bull,, vol,., 46,
pages 305~-342, 1935) charscterizes the Chemmg fawna by
the presence of: Strophonella coelata, Douvilline

mucronate (sayute euct.), Leptostrophie nervoss, Delmsnella

corinate, Atrype asperss (spinosa), Pterines ghemungenais,

Pterinea reversa, Byssopteria radiata, Goniophora

chemmgensis” end others. (Op. cite., pege 248) The

shale beds of the Chemmg sre green colored whem fresh,
weathering to yellow, lumpy and less flaslle than the
Brellier shale beds. The sandstone beds are coerser
greined, thicker, and form & larger proportion of the
formation than in the Brallier shale. (Butts, 1933)
"In some areas, beds of red shale are present, &a in
the Elliott KnobeCrawford Mountaln ridge northwest of
Buffalo Gap, Augusta County, end on the west slope of
Priece Mountain in the east angls of Craig Countys. In
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other areas, as on Msson Creek north of Salem, Roanoke
County, thickebedded, mediumegralned, compact hard
reddlsh or purplish sandstone iz a consplsuous
constituent." (Wilmarth, page 34)

In northern Virginis the Chemung is estlmated to
be 2,000 feet thick. It thins somewhat to the southwest
end 1s reported by J« Hoe Swartz a3 1,800 feet thick in
Smyth County and in passing to the south loses entirely
its typloal character and changes Into beds of pure
Portage llthofscles; greenlishegray shales weathering to
& ocresm color. {Schuchert, 1941)

Catskill facleas The Catsklll facies is found in
New York, New Jerssey, Pennaylvanis, Meryland and western
Virginlae. The type section 1is In the Catskill Mowntains,
Greene County, New Yorks, The definition of the Catskill
hes been under almost comstent revislon ever since 1840
when W, W. Hather (N. Y. Geols Survs 4th Repte) defined
Catskill Mountalns series as "white, gray and red cone
glomerates; with gray, red, olive, and black grits, slates
end shales., Overlies Helderberg (Onondaga) llmestone
series and underlies the coale~besring rocks of Carbondale,
Perma." (Wilmerth, page $73) "In 1936, Bradford Willard
{Geols S0cs 4me Bulle, vole 47, noe 4) used the term
Catskill as a phese or facies term to Include all the
continental Devonian beds., G« He Chedwilck, in 1536,
{Ne Y. State Mugs, Bulle. 307) proposed to restrict
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Catgkill to the beds exactly correlating with 'what we
now understend as the Senecen series of the Upper Devon-
ien! and to excluds beds of Hamilton age,”

“The United States Geologicasl Survey apglias the

neme Catakill formation to the nonmarine red sediments

contemporansous and intertonguing with marine sediments
ranging in age from Hamilten to Chemung, both inelusive,
end in part later than the Chemung, extending from New
York to western Virginie." (Op. git., page 375)

In Virginie the Catskill formetion 1s composed
meinly of red shale with & few astrata of red sandstone.
Locally there are beds of brown or gray shale or sande
stone. The contact with the Chemmng is gredational as
mentioned aboves It may be seen in the Elliott Knodb
area of Auguste County. The Catskill reaches a maximum
thickness of 2,000 feet in northern Virginia, It thins
southward, and 1ts southern limit 1s In the Ellilott Knob
area of Auguste County. (Butts, 1933)

The Silurisn-Devonisn Boundary

The stratigraphic poaltion of the Silurlen-Devonien
boundary in eastern United States, especially In the
sentral Appalachiesn area, has long been & question of
debate. In Virginis and Maryland the ege of the Keyser
is directly related to this discussion, since it lles
inmedliately below the Coeymans, which is a recognlged
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member of the Helderberg group of the ILower Devonisn, and
sbove the Tonoloway which 1s of unquestioned late Silurisan
agee The Keyser has been classed in the past both as
Silurlan and Devonlan, Although there 1s still) some
controversy, the United States Geological Survey and the
Virginia Geologlical Suréey, at the present time, regard
the Keyser formation a&s the basal member of the Helderberg
ErOuDe

The prineipal difficulty in solving the problem of
the Silurisn<«Devonian boundary is that the best Upper
Silurisn~Lower Devonian sequence of rocks, in the writer's
opinion, was not worked in detail until after the "poorer'
sections with greater gaps in depositional history had
been established as standard sections. Marchison,
Sedgewlck, Lonsdale and others in England, and D'Halloy,
Dumont, deVerneull and others, together with Murechison
end Sedgewick eatablished the Sllurisn-Devonlan boundary
in the HEhinelend erea of Germsny. In New York, Hall,
Vanuxem, Clarke, Schuchert, ete. drew the Silurian-Devonian
boundary and roughly correlated it with the accepted
European sections Ulrich, C. K. Swartz, Butts, Schuchert,
Fo M, Swartz and others, working in Maryland and Virginia
sttempted to correlate their area to those of New York and
Burope. Thelr problems snd offered solutions started a
series of discussions that have lasted for almost forty

ye&ers.e
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The entire discussion of the Silurlian-~Devonien
boundary ususlly revolves around the question of the age
of the Keyser formation in the central Appalachian arssa
because it lles betwsen accepted Silurian and Devonien
unitse The Keysser 1s older than the Coeymans and younger
then the Bertie of the ascepted New York State "standard®
sections.

The writer has noted & chemicel relationship at the
8ilurisn=-Deveonisn boundery as defined for westsrn New
York State by Clarke and Schuchert in 1899, which may,
when applied in Virginias, present an edditlonal argument
for plecing the Keyser in the Devonian system and the
Silurien-Devonien boundary between the Keyser and the
Tonolowey. At Cunnville, New York, about eighteen miles
east of Buffelo, the silles content of the Onondega limee
stone increeses toward lts bese, The sillecs 1s in the
form of chert. The Sllurian Bertle water lims, which thers
underlies the Onondage limestone, Hew York ares, ls s high-
magnesia limesatone. Thus, descending, the sillea content
drops sbruptly at the base of the Onondaga and there 1s an
immediste increase in the magnesia content below the hiatus
representing the Silurian-Devonian boundery. The Helder-
berg group in this srea 1s missing in the Bertie-Onondaga
hiatus.

In the eastern part of the State, at Alsen where the
Helderberg group ls present, a similar chemical change ss
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mentioned was noted between the Coeymans and Manlius
formationa, In this sree ths Silurlsn~Devenisn boundery
is placed at the Manlius-Coeymens contacte The Coeymans
silica content is higher then that of the Manlius. The
magneslum carbonate content of the Manllus 1s higher than
that of the Coeymans. The caleium esrbenste content of
the two formetions 1s approximetely the same,.

Thers are no relisble chemical analysea of lknown
strabtligraphic horizons avalleble to the writer, up to
the time of this wrilting, between Alsen, New York, and
Fordwick, Virginie, To be sure, there are published
chemlcal analysea of the formetions beling discussed,
between Alsen and Fordwick, but the menner in which the
formations werse sampled is not known. The writer is
reluctant to use any publlished analysis, unless it 1s
known to be truly representative of the formatlion. Many
of the published analyses were mede from & single rock
specimen which represented just one bed rether than the
entire formetion. Several vaguely correlated diamond
drill core analyses from the Saylorsburg, Pennsylvanla,
aresa gseem to confirm the sllica~magnesis relationship of
the Silurisn-Devonian boundary. In this area the Keyser
is a high-silics, low-magnesla limestone &nd the unders
lying Bossardaville, which 1s unquestioned as the
correlative of the Tonoloway in Marylend and Virginia,
is & low-slliecs, hlgh-magnesia limestone.
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In the Fordwick ares thers iz a chemical distinction
between the Keyser and Tonoloway similar to the Onondagae
Bertie differences at Gunnville, New York; the Coeymanse
Manliuns differenceas at Alsen, New York, and the Keyser-
Bossardaville differences st Saylorsburg, Pennsylvania.
The silica content is high (30-50%) in most of the Keyser
at Pordwick. The Tonoloway does not orop out, but,where
penetrated by diamond drill holes, is a dolomitioc lime-
stone. The closest surface outerop of the Tonoloway 1s
at Dells Valley. Sanmples from there sre chemically
gimiler to the Tonoloway from the drill cores.

The chemical distinetion at the Silurisan-Devonien
eontacta above listed 1s not present between the Coeymans
and Keyser in the Fordwick area, The Coeymens 1s 2 high-
lime, low-silice, low-megnesim limestone with no chemical
properties resembling the basal Devonian bed at the
recognized Silurian-Devonian boundaries in New York end
eastern Pennaylvaenia, The Keyser, having a high-silica,
low-magnesia content, in no way chemlcally rssembles the
uppermost Silurian bed in New York and eastern Pennaylvania.
The chemieal similerity of the Keyser~Tonoloway relation-
ship to the Silurian«Devonian relationshlp in New York end
eastern Pennsylvanla, in the writer'!s opinion, supporis
his theais for placing the Keyser in the Helderberg group.

C. X, 8nd F, M, Swartz (Swartz, C. K., 1941, Pl. 1)

correlated the Keyser in Virginle, Maryland and Pemnsylvanla,
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with the Menlius, Rondout and Decker formations in
northern New Jersey and southeastern Wew York, Their
interpretation was based on the presence of Chonetes
jerseyensis in the lower Keyser beds and In the Decker
and Cobleskill formations,.

The Keyser 1a disconformsbly overlain by the
Coeymans throughout much of its extent and is, there-
fore, older than typlcal Helderberg. Henece, the
question is not the relation of the Keyser to the
Manlius of southeastern New York but to the Manlius of
central New York. Perhaps the southeastern New York
Manlius 1is the correlative of the central New York
Manlius. (Ope cits,) Ulrich was not in agreement with
this correlation, for in 1912 (Md, Geol. Surv., Lower
Devonian) he reported Cobleskill faunas in the Tonoloway
of Maryland snd the Keyser-Decker beds as represented in
the top of the Manlius at Manlius, New York.

The late Silurian age of the Manllus in New York 1is
not based on assured evidence. The central New York
Menlius was deposited in a restricted sea with a
restricted fauna, whereas the unquestionsd Helderberg
was deposited in an open sea with sbundant life, The
faunal dissimilerity between the Helderberg and Manlius
is an expression of thelr ecology and not a relisble
time indication. (Swartz, C. K., 1941)
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The correlation of the Tonoloway-Coeymans sequence,
on paleontologle and atratigraphic evidenve, from Virginis
and Maryland to New York is guestionsble. There is doubd
as to the squlvalence of the Keyser of Virginis, Maryland
and central Pennsylveniae with the entire Manlilus~Rondoute
De;ker sequence of northern New Jersey snd southeastern
New York.

Figure 5 shows the silica-magnesias relationship at
the four localitles mentioned aboves. It wlll be noted
that the Alsen sequence 1s not in paleontologic agreement
with the Sayloraburg esnd Fordwick sequences as currently
Interpreted by the Pennsylvanla, New Jersey and New York
Geological Surveys. If Ulrich's opinion, as mentioned
above, is used (alse based on paleontologic evidencs),
the Keyser must be considered in part at least as younger
than the Menlius, The chemical evlidence 1s iIn agreement
with Ulrich's peleontologle datea. The present writer
suggesta there may have been two basina of deposition, one
in New York snd northern New Jerssey end a second in
Pennsylvanis, Marylsnd end Virginia with perhaps a shallow
water, interbasin connectlion. The New York Manllus, under
such conditions may be considered a reversion to high
magnesis type deposition in e separate basin; or the upper
Keyser, in the PennsylvaniaeMaryland-vVirginia basin mey be
considered as correlative to & Manlius-Coeymans hiatus in
the New York-New Jersey basin.



AJVANNOE NYINOA3Q — NVIHNTIS
1V dIHSNOILVY3Y VIS3ANOVN - VOIS

5 G a.nbig
£006W ubiH
£006W ubiH €006 ybi
2015 Mo AYMOTONOL 2015 mon | 3 VIASQHYSSO08
_ TUNS3 1809
muzmosuIl._<o_§uzu-|l>m<oz:om./ b 1000NOY
€006 Mo €006 Mo £ODO6W ubin
NVINOA 3Q—NVIHNTS
AONIAAF—II90T10LNOI WA — AHVINNOS ——NYINOAIT —NVIMNNS
£0OBA MO 5 SNYWAI00
2015 Mo SNYWA300 i SNYHA30D | *“5hre atwn 948N VY
£0000 YbIH (NY1109S M3IN
€006 moT
20!G Mo 144934
£0009 YbIH
B
o b YIVONONO
$21§S1I8}ODIDYD SO1{S1I310040YD $21§8118400.D4D S21JS1I8}004DY D
uol}owo uoljowio4 uo!joul 04 uol} oW 04
1D21WBYD IDoNWBYY IDoWByy 1031WaYH
VINIDYIA VINVATASNN3d MHYOA MIN MHOA M3N
MOIMAH0S 94NESHOTAVS N3ISTV ITIANNND




52

Upon the reasons given here, the writer is of the

opinion that the Keyser rightly belongs in the Devonlan

and that it 1s an early or basal Helderberg formetion

not found In the "standerd™ New York asction. This

chemical interpretation of the Silurlan-Devonlan boundary,

in the writer's opinien, presents s new approach to the

problems In summary, the fellowlng fects are offered:

Reasons Clited for Placing the EKeyser In the Silurian:

1.

2.

Be

"The Keyser is not equivalent in age to the

beds included In the Helderberg group of the
Helderberg Mountain ares, since the term was
revised in 1899" (by Clarke and Sehuchert}.

It 1s instead the correlate of beds below the
Helderberg group as so defined, (Swartz, C. K.,
1941, page 1188)

"The Keyser limestone is separated from the
Coeymans limestone of the Helderberg group by

& widespread disconfirmity.” (Op. cit., page 49)
The present weight of evidence favors the view
that the Keyser is essentlially equivelent to

the Cobleskill-Manlius beds of central New York.
The Silurisn age of the latter beds has never
directly been questlioned., However, the lmportance

of this ergument is reduced by the imperfections

of the faunas of the New York formations."

(Ope cite, page 49)



53

4. "The Keyser founa contains significant species
derived from underlying Silurien beds. These

Incliude Stenoehisma'lamellata, Spirifer vanuxemi

and Calymene cameresta from the Tonoloway,

Halysites catenulatus from older formations."
(Ope cit., page 49)
Be "he Keyser fauna contains only & few of the

species which have been clted in support of the
Devonlan age of the Helderberg group."”
(Ope cit., page 49)

6. "The ccourrence of linking species in both the
Keysor and Helderberg faunas i1s not coneclusive
evidence of the Devonian age of bothe. They do
show that the histus between the Keyser and
Coeymans was not very long continued."

(Ope eibes page 49)

7o "It [Keyaer] hee water lime beds like those of

the late Silurian." (Schuchert, 1941, page 223)

Reasons Clted for Plascling the Keyser in the Devonilsn:

l. The Keyser introduced a time of exbtenslve
invasions of normal marine waters into the
Appalachian trough in Virginie and Maryland
following a period of abnormal conditions that
provalled during Tonolowsy time. The Keyser
inaugursted & period of extensive merine
gubmergence that characterized the Lower



2.

Se

4o

Devonlan ss compered to the Upper Silurian
of the Appalachisn ares. (Swartz, F. M

in Willerd, 1939, page 48)

The Keyser contalns many species closely
related to the Coeymans and New 3cotland
forms &3 well as early speaciesa of several
important Devonlan genera. These forms are
abundant in Marylend and Virginla but rare
in the New York esquivalents of these

formations. (Ex.: Chonetes jerseyensis)

The age of the Keyser should be determined
on the full faune of the Marylend«Virginie
eres and not on the impoverlshed New York
faouna. (Ope cits, page 48)

Fﬁllowing the prineiple thai the age of a
formatlon is the same &s the age of the
youngest fauna present, the Keyser, which
contains Helderberg elements, should be
considered Helderberglan. (Swarkz, C. K.,
1913)

The widespread submergence and favoreble
conditions of marine life during EKeyser time
was more In keeping with the conditions
during Helderberg end early Devonian time
than with conditlons which prevailed during
Tonoloway (late Silurien) time. (Ope cite)

54
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5¢ The chemical relationship of the Keyser and

Tonoloway, as described above, suggests the
31lurian«Devonian boundary should be placed
et the base of the Keyser rather than at the
base of the Coeymans.

"The Keyser sea 1s transgressive from south
$o north, as if heralding Lower Devonian time.
(Rarlier seas are also southern)." (Wilmarth,
pe 223)
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GENERAL GEOLOGY OF THE FCRDWICK AREA
STRATIGRAPHY
Figure 8, Geologlc Map of the Fordwleok Aree,; shows
the distribution of the verious formsbtionz and their
structural relations.
Silurien
In this paper the Tonoloway 1s conszidered the
youngest Siluriasn formation present in southecentral
Virginia, The Keyser, currently assigned by F. M.
Swartz to the Silurilan, is included with the Devanien
system (see SilurilaneDevonien boundary dlscussion).
The nearest outerop of the Tonoloway formation to the
area covered is at Bells Valley about five miles south-
woest of Fordwiek, where 1t 1s & blue, thin-bedded,
dolomitic, nodular limestone.
Lower Devonian

Helderberg zroupe In the Fordwick area, following

the current correlation by the United States Geologieal
Survey, the Helderberg group includes (sscending order)
the Keyser, Coeymsns, New Scotland and Beoraft formations.
The Keyser includes the Clifton Forge sandstone member.
{8ee Figure 6}

Keyser limestones The Keyser limestone, in the

Pordwick arsa, 1a best exposed in Pessum Hollow & quarter

mile northesat of Fordwick and northsessstward from the
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Hollow along the northwest side of Brown Rldges The
Keyser 1s also exposed in an abandoned quarry on the
southesst slde of Black Oak Ridge one and one-~half miles
south of the Chesspeake and Ohio Raillroad cut through
the rldge. The upper half of the Keyser and the contact
with the overlying Coeymens can best be seen in the cut,
Seversl diamond drill holes in McCutcheon Ridge, near the
Augus ta-Roekbridge County line, penetrated the Keyser
through the Clifton Forge sandstone member, although
there are no logcal exposures of the Keyser. The total
thickness of the Keyser, reconstructed from dismond
drilling, is 135 feet comparable with 134 feet at Bells
Valley (Swartz, F. M., 1929).

The Keyser limestone can be clearly separated into
several lithologleal zones esch of which beers distinet
physlcal and chemical charasteristics. Within the area
studied these zones are consistent and uniform.

The upper thirty-five fset of the Keyser (Zone 1,
Figure &) is dark-gray, thine to medium-bedded, siliceous
iimestone. The calelum carbonate content 1s low, the
silica high, (8ee Table III) When struck with a hammer,
amell) chips spell off, possibly due to the high«silica
econtent. Fossils are searce in most of the outorops of
this zones The most fossilifercus site 12 in an abandoned
quarry on the southeest side of Black Oak Ridge two miles

southesast of Fordwlcke.
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The zone 13 the best scurce of wabter. All except
one of the springs In the Fordwick srea are lccated In 1it.
Hence, & spring implies proximity to the Keyser-Loeymans
sontact, because the springs are usually in the top fifteen
feet of the highwsilice zone, The one exception i3 &
spring in the Besraft on the northwest side of Black 0Osk
Ridge near the Cralgaville plant of the Stillwater Woolen
Mills.

Immediately under the low~caloium carbonate - highe
silica beds 1s a high-calcium carbonate zone twenty to
twenty-two feet thick of coarsely oryatalline, light
bluishegray, thisk-bedded limestone (Zone 2, Figure 6).
Lithologically 1t 1s similer to the Coeymans limestons,
except thet the Cosymsns contalna corinocild stems, is more
coarsely cryatalline, includes pink calelte orystals and
has & slightly lower sillics content.

A second high sllica bed of the Keyser (Zone 3,
Pigure 6) underlies the high lime beds It 1s a black,
thin~beddsad, fine«grained, hard, siliceous limestone,
closely resembling the upper silliceous zone. It 1s far
easier to distingulish these siliceous beds chemlcally
than 1lithologlcally. (See Table III.) Fossils are not
abundant. The thickness of this zone is hard to establish,
since the Tonoloway is not exposed. The few diamond
drill holes which 41d enter the Tonoloway indicate the

thickness of the zone to be about seventy-five feets
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The Clifton Forge ssendstone member of the Keyser
is present In the lower third of the formmtlon. In the
Fordwick eres 1t 4s in the lower siliceous zone. The Big
Mountain shele membsr 13 not exposed. Where the Clifton
Forge sandstone orops out on the sides and crest of Brown
Ridge northeestwerd from Fordwick, it 1s e medlumwgrained,
thickebedded, light-gray rock which weethers darkebrown.
Fosslls are few and poorly preserveds Stratigraphicelly
the Clifton Forge 1s the oldest rock exposed in the
Fordwick ares. Approximetely thirty feet of the sande
stone 1s exposed, but everywhere the base 1s hidden.

The Frontispiece illustrates the influence of the
Clifton Forge sandstone on the terrain. In the pleoture,
Brown Ridge slopes to the right (south;, The crest, which
rises sharply south of the Lehigh Portlend Cement Company
plant stack, marks the contaect of the Clifton Forge sande
stone with the overlying Keyser limestons. (See Section
CC, Pigure 13)

Coeymens limestone. The Coeymans in the Fordwlek

area crops out on both sides of Black Oak Ridge south of
the Chesapeake and Ohio Rellroad cuti on the southwest
side of Brown Ridge at Fordwick; in a narrow band along
the southeast side of Brown Ridge; and on McCutcheon
Ridge. The present workings of the Lshigh Portland
Cement Company have uncovered 1t on the southwest end of

Erown Ridges Previous workings of the Company exposed
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the formation on MceCutcheon Rldge at the Rookbfidge-
Auguste County line and on the southeast side of Black
Ogk Ridge south of Pordwlck.

The Cosymens is messive, coarsely crystalline,
thick~bedded, orinocldal limestone, pale=-gray, often
contains numerous pink caleite crystals, The calcium
carbonate content renges between 84 and 98 per cente.

The surface of the limestone beneath the soll is karst.
In the Poasum Hollow area there is s ten-foot shaly zone
about forty feet above the base. In MoCuteheon Ridge

B four-foot shale zone, about forty-two feet sbove the
bease, was not seen on the surface but was penetrated by
several dilsmond drill holes. A lenticular sendatone,

up to nine feet thick lies twelve feet sbove the base of
the Coeymans. Thilas bed wlll be deaafibad as the Foradwlck
member of the Coeymans formation.

The Coeymans normelly 1s fifty-eight to sixty feet
thick in the Fordwick area, These figures check exactly
with those reported at Bells Velley filve miles south of
Fordwick. (Swartz, F. M., 1929) There are two exceptiona
to the above figures. Diamond drill holes in the northwest
side of MeCutcheon Ridge and northwest side of Brown Ridge,
in the vieinity of Fordwlck, penetrated 95+ feet of
Coeymans~like, coarsely crystalline, thick-bedded, crinoldal
limeatone. Becauss the overlying Becraft has been eroded,
the exact thickness of the Coeymens limestone cannot be



62

determined at these two localitlies. Eospirifer mscropleurus

was not found in the Brown Rldge ocores, The MceCutcheon
quarry cores were destroyed. Hence, no exact determination
of the thickness of the Coeymans or the New Scotland, which
the writer believes 1s present as a nonecherty limestone in
both eapreas, oan be made. The normsl, combined thickness of
the Cosymans-New Scotland In the Fordwick area and Bells
Valley 13 78 to 80 feet. The areas of thickening of the
Cosymens-New Scotland are on the northwest 1imb of the
Brown Ridge enticline and its southwestward extension on
MeCuteheon Riﬁge where no evidence has been found of faulting,
The only lmown reason for this chenge is the shaly zone
found only in the two localitles where the Coeymeans-Hew
Scotland interval has thickened, Since this shaly zone
ocowrs forty to forty-two feet sbove the base of the
Coeymens, the writer bellieves the Coeymena, rather than the
How Scotland, thickened. No faunal or chemlcel evidence has
been found bearing upon this statement.

The contsct between the Coeymans and Keyser ia well
exposed in the Chesapeake and Ohlo Rsllroad cut through
the north end of Black 0Oak Ridge and in the Gay quarry of
Lehigh Portland Cement Company. It 1s visible in other
localities of the Fordwick erea but none shows the contact
as wells, The contact may be consldered disconformeble In
that the coarasly crystalline, pure Coeymans limestone
overlies the fine-grained, siliceous Keyser limestone.
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There is no angular discordance nor evidence of erosion
of the top of the Keyser., The same typs of silios
occurs Iin both formastions; 1.e. single or double
terminated querts,chert, snd other silliceous compounda.
The writer believes thet the Keyser-Coeymans hiatus
must have been shortd.

The Fordwiok sandstone member. Locally the Coeymans

hes a8 seven~ to nine-foot sandatone atratum sbout twelve
fest above the base. This bed the writer here nemes the
Fordwick sandstone member of the Coeymans, It 1s lenticular
and is exposed on the northwest side of Brown Ridge, across
the erest of the ridge southward from Fordwick and northe-
eastward along the southeast side of the ridge; on both
sldes end across the crest of Black Oak Ridge about two
miles south of the Chesapeake and Ohlo Rallroad cut} and
in MeCutcheon Ridges It 1s not present in the Gay Quarry
of the Lehigh Portland Cement Company at the southeast end
of Brown Ridge nor in the rallroad cut. The Fordwlek
member is a medlume to coarse-grained, thinebedded,
unfosslliferous, light-gray sendstone which weathers light
chocolate~brown and pitted.

The PFordwick ssndstone shows an extensive ripple-
merked surface in the brook flowing southeastward off
Black Oask Ridge and entering the Llittle Calfpesture Rlver
about three hundred yerda south of the abandoned No. 3
quarry of Lehigh Portlend Cement Company. The sandstone
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forms the bed of the brook for a distance of about one
hundred yards. The ripple marks strike N.5°E. This is
the only place where these marks have been found in the
Fordwick sandatones

The Fordwick sandstone influences the topography of
Brown Ridges. (See Frontisplece.) The crest rises abruptly
to the right of ths ILehigh Portland Cement Company stack
end slopes gently southward for a picture distance of
about three Inches. The Fordwick sandgstone crops out on

the creat.

New Scotlend. In the Fordwick area the New Scotland
is exposed In both flanks of Black Oak Rildge; scross Brown
Ridge about ome mile southeast of Fordwlck snd northeaste
ward along the southeast flank of the ridge; and on the
northwest flenk of MeCutcheon Ridge. Throughout the
Fordwlck area, in both the cherty and the nonecherty
phases, the New Scotlend renges hetween twenty-two and
twenty~five feet thick, as based on the stratigraphle
range of Eospirifer msgropleurus not lithology or chemlecal
enelyses.

The New Scotland in the Fordwick area exhibits two
distincet lithologiesg, both of which are sasily confused
with the adjacent formations, were 1t not that the New
Scotland is distinguishable paleontologleally. In Black
08k Rldge, in the vicinlty of Cralgsville, the cherty
New Scotland limestone closely resembles the overlying
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Begraft cherty limestone, A mile and a half southweste
ward along the southemst flank of Blaeck Oek Hidge where
the New Scotland is well exposed in an abandoned querry,
88 In all of Brown Ridge and MoCutcheon Ridgs, it is a
non=cherty, coarsely crystalline limestone nearly identi-
cal to the underlying Coeymana. F. M. Swartz (op. cit.)
found this ssme New Scotland-Coeymens similerity at Bells
Valley. The chemical similaritles parallel the lithologles.
The only sure way to ldentify the New Scotland 1s the
presence of Eospirifer macropleurus, usually present,
though not plentiful in the area.

The cherty phess of the New Scotland 1s a dark,
fine- to medium-grsasined, mediumebedded limestone contsain
ing & large amount of interbedded, black cherts The old
"marble" quarry end an sbandoned limestone quarry in Black
Ok Ridge northeast of the Chesapesake and Ohlo Railroad
reveal cherty New Scotland end overlying Beeraft. The
chert in both formations, when freshly exposed, 1s black,
Upon longwcontinued weathering, the chert in the Beseraft
turns lightegray to almost white, whille thet in the New
Secotlend remelins darker-gray, Chemlically the New Scotland
snd Beoreft cover ldentical ranges in all constituenta.
If ten or twelve random samples of sach formation are
analyzed snd the average results for sach formation
sompared, the silioca of the New Scotland will very likely

be a per cent or so higher and the salcium oxide correse
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pondingly lower than these constituents of the Becraft.
The per cent of chert in the New Scotland insoluble
residue on the average 1s slightly higher {(up to 5%)
than in the Beoraft.

The non-cherty phase of the New Scotland 1s similar
to the Coeymans. GChemicslly they are identlical, ELven
on the basis of the ecaleculated tricalelum silicate, (see
pege 81 for formula) which would emphasize any differences
in silice and esleclum oxide especially, there 1z no
difference noticeable. In the Inacluble residue studles
no authigenic feldspsr was found in the New Scotland but
it was found in the Coeymans,

Since the New Secotland 1s conceeled by surface cover
between the cherty phase at Cralgsville and the nonecherty
phase where it i3 exposed on the southemst flank of Black
Ok Ridge & mile and & half to the southwest, the writer
was uneble to determine if the change In lithology is
abrupt or gradual. No intermediate phass was found
cropping out anywhere in the Fordwick ares.

Becraft. The Becraft ia well exposed in the Chesa=
peake end Ohio Raillroed cub; along the northwest side of
Blaak 0ak Ridge; on the southeast side of Black Osk Ridge
two miles southeast of the railroed cut; across Brown
Ridge one and a half mlles southweat of Fordwick; on the
southeast flank of Brown Ridge and on the northwest side
of McCutcheon Ridge.



&7

The Becraft formation, the youngest member of the
Helderberg group in central Virginis, can be separated
into two lithologlc zones in the Fordwick ares. The lower
is twenty-five to thirty feet thick and conteins a large
quantity of chert, the upper, sbout ninety feet thick,
cont2ins no cherte. There is no sharp contact between the
two zZones, but the cherty limestone is transitional with
the non-cherty limestons within five feet. There is no
faunal difference. Chemically there 1s & marked difference
shown in Tsble III, Chemical Analyses.

The cherty zone of the Beoraft 1s a medium~ to fine=-
grained, dasrk-gray, thine to medium-bedded, dense,
silliceous limestone with interbedded leyers of black chert
nodules. These layers usually range from one to four
inchea thick. The rock in the non-cherty zone 1ls fine-
to medium-grained, derk-gray, medium-bedded, dense lime-
stone.

The Becreft, especially the non-cherty zone, de=
composes repldly when exposed to solvent action of water,
The subsoll surface is always kerst wherever the over-
lying Oriskeny sandstone has besn removed, snd the Becraft
subjected to the full effect of the water. The esse of
solution of the Beoraft has resulted In numerous sink
holes wherever the formatlon comes te the surfece., This
characteristic of the Beecraft is of great aid in aresal
mapping in the PFordwick eres, since none of the other
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formations exhibit this propertye

The Beeraft 1a not & common source of wabter sven
though 1t does contein many sink holes. Only one spring
has been found in the formation. It 1s located on the
northwest side of Blaeck 0sk Ridgee. This spring meintainas
a constant year-round flow and supplied Cralgaville with
water before the town developed its present water suz:‘:piy
on Little North Mountain,

In the Fordwlek area the contact of the Becraft
with the overlying Oriskany sandstone. is genersally marked
by & one- to foure~foot zone of sandy, reddish~brown clay
wherever ground water has circulated. This type ia
exposed at the southern end of Brown Rldge and the northe
sast end of Black Osk Ridgee On the southern part of
Bleck Osk Ridge, where the Begraft~Orlsksny contact has
not been affected by solution weathering, the clay sesnm
1s sbsent,

Orisksny sendstone. In northern and western Virginia
and Maryland the Oriskeny 1s divided into the Shriver chert
below and the Ridgeley sandstone above. In the Fordwick
aresa the Shriver 1s missing, Since only the sandstone is
present, the term Orlskeny sandstone 1s applied.

The Oriskeny sendstone 1s exposed in the Chesepeske
end Chle Hallroad cut and northward along the northeast
flank of Black 0ak Ridge and on the western side of the
Little Celfpasture River valley; on the o¢rest and northe-
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east side of Black Osk Ridge southward from the railroad
cut; on the southeast flank of Black 0sk Ridge about three
miles south of the railroad cut; in the Little Calfpasture
River valley ebout two miles south of Fordwick and on the
ersst of the southern part of Brown Rildge,

The Oriskeny, youngest of the three sandstones found
in the Fordwlck ares, attains e meximum thickness of thirtye
five feets It overlles the Beoraft limeatone and underlies
the Onondsge shele member of the Rommey formetion. It 1s
a medium-grained, mediume to massive-bedded, lightegray,

weathering to & medlum- to dark-brown, frisble sandatone

conteining many molds of fossils. Costispirifer arenosus,
common throughout most of the exposures, is a dilsgnostie
fossll.

The Oriskeny iInfluences the topography. Referring
agein to the Frontisplece, note that the creat of Brown
Ridge, sabove the southern edge of Fordwick, rises abruptly,
then slopes gently southward, This slope marks the
Oriskany outerop.

Middle Devenilen

Onondaga formation. The Onondags formation in central
and northern Virginia hes usually been mepped as the basal
member of the Romney shale. In the Fordwlek ares the
Onondage 1s distinguishable from the balance of the Rommey
shale. It overlies the Oriskany sendstone and underlies

the black, fisslle Mercellus shale member of the Rommey
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formation. The Onondaga 1s e greenish-brown to yellow
green shale which turns yellow upon weathering. The
ergillaceous zones weather weskly fissile, the arenaceous
frieble or frecture into small blocky pleces roughly a
quarter~ to half-ineh thick and aboub an inch square.

In the Fordwick areas, the Onondege shale 1s exposed
on Black Oak Ridge northward from the Chesapeaks and Ohio
Railroad cut; 1in the valley northwest of Black Oak Ridge;
in the vealley southeast of Brown Ridge and in the valley
between Black Oak Ridge snd Brown-MeCutcheon Ridges south
of the Junctlon of Smlth Creek with Little Calfpasture
River, In 2ll the COnondaga exposures, except the shale
quarry of ILshigh Portliand Cement Company, the materiel is
so deeply weathered that almost all the foasslls are un=-
recognizeble except Phacops rana. Only fragments of this

trilobite were found. After the weathered shale at the
shale quarry had been removed, brachiopods, ostracods and
gastropods have been found in the exposed "fresh" materiasl
(see Paleontology). The Onondage is the youngest rock
formation exposed in the area being described.

CORRELAT IONS
Insoluble Reaidues

Semple Preparation

All samples for insoluble residue studies were furnishe
ed by the Lehigh Portland Cement Compeany. Each sample,
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approximetely thirty~five grams as received, was a
representative portion of five to ten feet of crushed
drill core and was taken from the bulk sample remaining
after the representative portion desired by the Compsny
for chemical enalysis had been removed. =Stendard sampling
procedure was followed. The samples were then quertered,
crushed, sieved and digested in scid as outlined in the
flow sheet (Figure 7). Residues were prepsred from &
10 gram & .1 grem semples. For the first 25 samples both
the 100 +200 mesh and ~200 mesh portlons were prepared
and digested in scid, DBecause the residuss for these two
size fractionsg differed only In particle sizc, the use of
the =200 mesh sieve was discontinued. Residues were
prepared for 467 samples.

During the semple preparation a relatlonship of the
silics to grindsbility was noted. As the silica incremsed
the grindabillity decreaseds The hilgh-caleium oxide (Cr0),
low~-magnesium oxide (Ng0), low silica (S10,) beds of the
Keyser, Cooymans end New Scotlend formsbtlons tend to powder
under impact. The high silica beds are tougher and break
into smell fragments rather than mashing direectly to a
powder.

The insoluble residue was examined under s binocular
microscope with both transmitted and reflected light. All
mineral identificetions were made by the oil Immersion
method with e polarizing microscope.
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Flgure 7
Insoluble Reslidue Sample Prepsaration

Flow Sheet

Split Diamond Drill Core
Crushed in jaw orusher to -4 mesh size
Riffle Sampler

Riffle reject to
refersnce storage 20 grams for chemical
analysis

Riffle Sampler
Rejects 35 sfama for insoluble reaidue study
15 gram sample

Impact crushed in mortar and
poestle to pass 100 ¥ sleve

100 M sieve

«100M +200M weighed
and stored in vials

200 M sleve®
«200M welghed and
stored in vials

-~ 10 grams placed in
250 co. beaker

50 cce 1:1 Hydrom=
f chloric acid

After one hour

Filter and wash with warm
water six times

Dry at 110°C for twelve hours
Welgh residue end place in vials

Binoceular micro- Petrographio
scope examine - > microscope
ation examination

#Discontinued after the twenty«fifth sample was run.
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Results

The welight per cent of insoluble residue was
epproximately equivalent to the weight per cent of
810g plus ROz reported in the chemicsl anslyses.

Where the 510 content was very low, &8s in the Coeymans,
New Scotland end parts of the Keyser, it was necesaary
to dlgest 20 grams to obtaln sufficient residue for
further study. A summary of the weight per cent of
residue and €aC0Oz 1s given in Table I.

The minerals identified and their occurrence are
given in Teble II. Authigenic feldspars were found only
in the Coeymans formmtion, but were not restricted to
8ny one zone or zones. They are rare and meny resaldues
showed none. No other minerals were of correlative
value because they were scattered throughout the
formations. Chert is present in all residues but pre-
dominates only in residues from the cherty phasea of
the New Scotland end Becraft. There is less chert in
the New Scotland than In the Becraft,
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TABLE II. OCCURRENCE OF INSOLUBLE RESIDUE MINERALS

New
Keyser Coaymans Seot«| Becraft
land
@ o
© ® @
Minereala g g g § & g -3 %
[+] Q Y ™~ g o
MR AR RES b | | ™o |
ela g s |dle|d]8 b B
HEREREIF IR A EAR:
R c% 5] @
g lnlule|mlo|B|8 B8
1B IHBE
AEEEEEIEI AR
[ Alblte X | x x x x x
Apatite x x
Auglte x x
Chalcedony~~small,
redlal x x x| x
Chert xX(x X | X% x{x|x | x(x x
Chlorite x|(x
Feldspearw~authl-
genie (microcline
senter) x x
Gernet x x x
Glauconite® x#*
Gypsum x x
Hematite x| = x x x|x
Hornblende x
Leucoxene® x#
¥Miorocline x b 4 x
Muscovite X x
Pyrite x x
Quartze-crystalline x|lx |x|x|x |x|x|(x |x|x
Queartz-=double '
terminated x | x x X |x | x
Quartz--gingle
terminated X X
Sphelerite x x | x
Tourmaline-=large,
rounded, brown b4 x x | x x
Tourmgeline~~olive
green x X [|x|=x
Tourmal ine--angular,
brown X x| x x x
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TABLE II. OCCURRENCE OF INSOLUBLE RESIDUE MINERALS

(Continued)
New
Keyser Coeymans | Sgot- |Becraft
land
@ o
1ALE 3| g
g ||| ‘: 3|8 X}
Minerals -t A P e - N R T
Blo|E|2|2|8|2|&|F |8
lalalald|S|8 - REL
s by
TRHRBREIERIEE A
Ble|&IB|2|&|8|8|5 |8 |8
33&:9@6‘3«030,@5
- Zircone-small,
rounded X x b4 x
Zircon--broken x x x
Zircone~alongated x x x
Zircone=gsmall,
prismatic® x*
Zircon=wprismetic,
slear¥® x#

*One grein
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Chemical Correlation

The writer had access to all of the Lehigh Portland
Coment Compeny analyses for the asrea., Chemical composition
is important in the menufacture of cement and for thst
rsason 1t 1s necessary to imow in detail the composition
of the formetions used in the cement raw mix. Continuous
sections from drill cores are snalyzed at relatively close
Intervals, so that results can be grouped together to
construct chemicel sections of the formeations. In the
Fordwick area, the percentages of all conatituents of each
lithologie unilt charscteristically fall within certain
definite limits (see Table III)., Experilence has shown
that in this ares and others ca003 and Mgcas are most use-
ful in correlations In some instances S10p 1s useful.

Geologle sections using chemlcal composition as the
basis for correlation were constructed by matching zones
of simllar composition which occupy the same relative
position with respect to zones of different composition,
Subsequent gquerry operetions have proven that such matche
ing or correlation is velid. Practically all of the
chemical gorrelatlon done In the Fordwilck area was based
on results obtained from dlamond drill core sempless The
semples obtained from outcreops in the aree check chemically
with the dlsamond drill cores from the ssme horlzons.

Drill cores are more rellable than outerop samples where

correlation is based on composition, becauss they give a
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continuous section of unweathered rock.

Chemicsl snalyses of outerop samples can be very
misleading if the sample is not tsken properly. It 1s
extremely important to collect samples in the unweathered
cone of the rock, especlslly when used in conjunction
with results obtsined from dismond drill corss. The
sample should be teken no closer than three inches to
en exposed surface or clay ssam, particularly where
dolomites and dolomitic limestones are being examined.

& . sample taken - from the weathered surface may ocontain
only two or three per cent Mgcoa. whereas a sample taken
three or more inches in from the surface will have 20 per
gont ﬁgooa. The adveantage of dlamond drill cores, in
addition to providing a continuous section, to obtain
chemically true, unweathersd samples is readily apperent.

"It is not proposed to use chemical anelyses as a
sole meana of correlation, but rather that they be used
88 an additional tool for the atudy of correlation and
structural problems. The author hes been fortunate in
having a great quantity of chemleal analyses to work with.
When using chemical analyses for correlation the velidity
of the interpretations 1s directly proportional to the
number of analyses avallable.

one distinet advantege of chemical correlation over
palsontological correlation, when using dlamond drill
cores or well cuttings, is that eech foot drilled will
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always give some data. Every rock has & chemical
composition but not all rocks have fossils. Many drill
cores of fossiliferous rocks fail to yisld diagnostie
fosslls.

When using chemical enalyses of drill cores for
correlations, the spacing of the prospect holes is
dependent on the wmiformity of the beds and the complexe
ity of structure. In the Fordwlck erea slmost perfect
correlation can be obtained with holes spreed at thousand-
foot Intervals along the strike 1f CaCOy and MgCOg
determinations are made on every ten=foot composite of
the coree The apacing of the holes scross the sirike ia
governed by the Intensity of folding and faulting. Drill
holes should not be spaced more than 300 feet apart normal
tc the strike. From the writer's experisnce in the
Jacksonburg cemeni roek be;t of the Lehigh Valley, where
the beds have & wlde chemical range and the structure 1s
far more complex then in the Fordwick area, the holes
should not be located more than three or four hundred
feet apart parallel to the strike nor more than two hundred
feet apart normal to the strike., In some cases correlation
is impossible even wilth holes drilled on hundred=foot
centerse. In general, for most of the cement rock belt,
holes spaced at two hundred-foot intervals, along the astrike
with carbonszte snalyses made on every ten-foot composite

of core, are suitable for chemlical correlation,
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¥Where correlatlons camnot be mede using CaCOg and

MgClyg, other chemical components of the stons may prove

usefule«

Several examples will illustrate this prineciple:

1. The two low CaC0z beds of the Keyser formation

2

Se

in the Fordwick area are separable only on the
baslis of thelir sllica content. The topmost zone
of the Keyser (Zone 1, high 510y - low MgCOs)
contains much more silica (40 to 55 per cent
810g) than the Zone 3 (high 5105 - low MgCOgz),
(15 to 30 per cent Si0g), (see Table III).

The lowest one hundred feet of the Jacksonburg
cement rock member in the vicinity of Fogelaville,
Pennsylvanip, is a uniform lithologic unite The
Gaﬂﬂa sand MglOz content of this zone is uniform
throughout the area, Howaver, the bottom 25 to
30 feet contain 28«30 per cent 5105, wherees the
upper 70 feet contain 20-22 per cent 310g. This
zone can be recognized in almost all drill cores
cutting 1t.

Correlation using Al,0y alone or the A1205/8102
ratio is not possible at Fordwick. At Alsen,
New York; In the Lehigh Valley cement rock belt,
and in the bauxite depositas at Werm Springs,
Georgla, the S105/A1503 ratio 1s distinctive for
each lithologlc unit.
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4. The tricalclum silicate value (058) has been
used successfully 1n several sareas, including
the Fgrdwiak aref, css is one of the compounds
formed in cement e¢linker. The potential css
valuse 1s commonly used in ealculating the finsl
mix eantrol‘ar kiln feed in the cement industry.
It is determined from the oxide enalysis of the
drill core or quarry rock. The formula used is:

(633) B 4,07 Cad » 7.6 5102 - 1as43 F@gﬁs - 8,72
Alzﬂso

Minus values are posalble with this formula,
Low~grade limestones, sandstones and shales give
minus cas values, High-grade limestones may show

plus values of 300 or more CgSe

Table III lists the chemical composition of the

various geologle units of the Fordwlck area,
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Paleontalogx

Paleontology hes been used only to establish, by
conventional stendards, the validity of the formetions
being worked. The foasils identified by the writer in
the Fordwiok aree are llsted in the following table:



TABLE IV, FAUNAL LIST

o
|2
IR E
WHBHE
Formation E § § :é § 8
Coelenterata
Cladopera x
Fevosites helderbergise Hall x| x| x
F. helderberglae var., praecedens
chucher? x
Streptelasma strictum Hell x| x
Stristopora bella Swariz x
Stromatoporoidea undetermined x
Echincdermata
Edrioorinus pociliiformis Hall x
Bryozosa
Present but not determined x| x| x| x
Brachiopoda
Actinopteria spe. X
Anoplia nueleata Hall x
Anoplothecs scutiplicate (Conrad) x
Atrype reticuleris (Linnd) x x
Camsrotoechia eltiplicata (Hall) x| x
C. gigantea Meynard x




TABLE IV. PAUNAL LIST (Cont'd.)

Formation

Keyser

Coeymans

New Scotland

Bacraft

Orlskeny

Onondaga

Brachiopoda (econt'd)
Ce litchfieldensis (Schuchert)

Crispells vanuxemi ver.
prognosticus Schuchert

Chonetes Jerseyensls Weller

Costispirifer arenosus (Conrad)
Delmenelle concinna (Hall)

D+ perelegans (Hall)
Delthyris perlemellosus Hall

Fatonis medielis (Vanuxem)

E. peculiaris (Conrad)
Bospirifer mecropleurus (Conrad)

Leptaena rhomboldalis (Wilckens)

Meristells arcuata (Hall)

M. praenuntis Schuchert
Meriste type (Hall)
Nucleospirs goncinna (Hall)

N. swartzi Maynard
orbiculoidea lodiensis (Hall)

Rensselasris mutebilis (Hall)




TABLE IV, PFAUNAL LIST (Contt'd.)

Formation

New Scotland

Coeymans

Keyser

Brachiopoda (cont'd,)
Rs gvoides (Clarke)
Rhipidomells sssimilis (Hell)
R. smergineta (Hall) x
R. oblats (Hall) =

Sehushertelle prolifics
Schuchert X

Se sinuste (Hall and Clarke) x
Se woolworthens (Hall) x| x

Spirifer concinnus Hall

Se gyclopterus Hall x| x
S modestus Hall x

Stenochisma deckerenals (Weller)
Stropheodonta bipsrtite (Hsll). x| x
Uneinulus convexorus Maynard
U. nugleoletus (Hall) x
Whitfieldells minuta Maynerd

Cephalopoda
Bagtrites spe

“"orthoceras™ ap. x

Becraft

Oriskany

Onondaga

|




TABLE IV, FAUNAL LIST (Cont'd.)

87

Formation

Keyser

quynﬂns

New Scotland
Oriskeny

WB&eraft

Onondegs

Gastraopoda

Platyceras gebherdi Conrad

P. multiplicatum F. M, Swartz

Tentaculites gyracanthus (BEaton)

Ostrecods
Bollie obess Ulrieh

Be ungala Jones
Ostracods not determined

Trilobita
Galymene cemerata Conrad
Dalmanites sp.

Phacops logani Hall
. rana (Green)

Proteus ep.

W
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STRUCTURE

In general, geologic structures of the Fordwlck
area are typical of the western half of the Valley and
Ridge Province, They coneist of a serles of parallel
anticlines end synolines striking generelly northesnst=
southwest colnclding with the ridges and valleys of the
arsas The folds are mainly all simple and open, neither
overturned nor thrust faulteds A normal fault 1s present
along the southesst side of Brown Ridge.

Folds

As shown on the geologlcal cross sections, there are
two antlclines, whose axes colncide with the axea of
Brown Ridge end Black Oak Ridge, separated by the synclinal
valley of the Little Celfpesture River. The valley north-
west of Black 0Osk Ridge is & syncline adjacent to the
anticline of Great North Mountain. The rocks of Esteline
Valley are not sufficiently expoused to allow accurate
deseription of their aspect other then that they connect
with the Little North Mountain anticline.

The axis of the Black Oak Ridge enticline astrikes
approximetely N.45°E, and plunges northeastward about four
degrees. As shown on section CeC (Figure 13), ths south~
east 1imb of the Bleck Oek Ridge anticline is steeper than
the northwest. A secondary antiecline developed east of the
major erest- is shown on section C=C by the flattening of
the beds on the eastern side of the ridge. The secondery
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anticline merges with the major anticline of the ridge
to the northesst. In section B-B (Pigure 12), which
orosses the northeast end of Black Oak Ridge near the
Chesapeake and Ohio Rallroasd cut through the ridge, the
secondary orest lg sbaent.

The sxis of the Brown Ridge antlcline strikes
spproximately N.50°H. and plunges five degrees southweste
warde The southeast limb is steeper than the northwest.
The crest coincides with the crest of Brown Rldge except
for the southwesternmost mile and & half where, near the
junction of Smiths Creek with the Little Calfpasture
River, the two axes are about four hundred feet apart.

A small, closely folded syncline in the southeast section
of Brown Ridge,and well exposed in the northeast wall of
the Gay quarry of the Lehigh Portland Cement Company, 1s
faulted out in the northeast sectlon of Brown Rildge,
seotlon B~B,

Faults

The only important fsult present 1s a normal fault
along the southeast side of Brown Ridges On the dowm
throw side, the Onondaga 1s dropped againat the Keyser,
& vertical displecement of thres hundred feet or more.
The fault surface atriﬁea approximately N.S50°E. end dips
approximately 82°5.E, at the extreme northeast end of the
Gay quarry of the Iehigh Portland Cement Company, the only
place where 1t is exposed. Drag folds ere absent.
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Slickensides indieate the relative direction of movement.
The fault cuts aocross the synocline on the southesstern
side of Brown Ridge. In the Gay quarry area the fault is
in the southeasst limb of the syncline, Five miles northe
eastward 1t cuts the southeast limb of the Brown Ridge
anticlines It crosses the sxls of the syncline approxi-

mately two miles eest-southeast of the town of Fordwlck,
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GEQLOGIC HISTORY

Any discussion of the geologlce hilstory of western
Virginis will deal primerily with the Paleoczolc era,
sinece the great majority of the material was deposited
during that time. That of the Fordwick erea will deal
primerily with the Silurilen snd Devonlan periodss

Early Paleozole

The beginning of the Paleozole era in eastern
United Stetes was marked by a gradual encroachment of
the seas from the Culf of NMexlco and the Gaape region
of Canade into the Appelachisn geosyncline bordering the
west side of Appalechia. Virginia was flooded in early
Cambrisn time and remeined submerged throughout much of
the early and middle Paleozolc with occasional intervals
of withdrawal and return of the sea.

Silurien

At the beginning of the Silurian period, Appalachia
was stlll largee. Eroslon reduced the landmass throughout
the period to low hills. The eroded sediments were spread
westward in the geosynclines. Toward the close of
Cayugan time, the ssas cleared and limy deposition
succeeded the earlier ferruginous materiels as the
Tonoloway dolomitic limestone was formed.

Devonlsn

The Silurian end Devonilan in Virginia represents a

time of almost continuous deposition from Upper Silurien



92

(Tonoloway)} through controversial Lower Devonian (Keyser)
into typlesl Helderberge A& short hiatus ococurred between
the Tonoloway and Keyser depositions, In the central
portion of the Appslachian trough, comprising western
Virginia, eastern West Virginie and western Naryland,
submergence was most nearly continuous., Elsewhere In
esstern United Statea the SilurisneDevonian histus
represents & gap in depositionel history thet In some
gases extends from Niageran (Middle Silurien) to Ulsterisn
(Midgle Devonian) times The hiatus inereases in magniltude
southward and northward from the central Appalachian aresf.
The turbid sea environment prevalling throughout the
central Appalachians during pre-Tonoloway time wes
prcbably caused by debris being carried Into the
Appalschian trough from the low hills which were the
remmants of the early Silurian, mountalnous Appalachis,
By Keyser time the seas had cleared and, except for a
period of turbidity in middle Keyser, remained clear until
the close of the Helderberglan. A local uplift in southe
sentral Appalachla in the middle of Keyser time rejuvenated
the streams sufficlently to carry sands and silt into the
sea and deposit the Clifton Forge sandstone in the southern
portion of the central Appalachians and 1ts facles counter-
part, the Bilg Mountain shale, farther north and westwsrd.
By the close of Keyser %time, lime deposlting conditlons
returned end prevalled in the Appelachlan trough, except
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for locallzed facies chisnges, throughout the balance of
Helderberglan time.

The trough was generally submerged from New York to
Virginia by the start of Coeymens time. The Manliuvse-
Rondout~CUobleskill sequence in eastern New York may be
represented in Virginia by the Keyser.

The crogeny sterted in late Helderberglan time. The
writer belleves thias activity started south of Clifton
Forge where sandstones were deposited during Becraft time,
The rejuvenated stresms carried sands into the Becoraft
géhe Today the Becraft scuthward from Fordwick teo Clifton
Forge changes from cherty limestone to sendstonea, By
Orisksny time Appalschis was so uplifted that atreams
carried sand into the sea to form the Oriskany sandstones
The loweyr Oriskeny deposits 1n northern and western
Virginla are cherty limestones, while contemporsry dsposits
in Pennsylvanie and Vew York, which were oloser toktha
senter of the main Acadlan orogenic actlvity, are sand-
stoness

The advent of the Middle Devonlan (Ulsterian) was
marked by the deposition of the Onondagsa shale in central
Virginle (Fordwick area)s To the south end north the
shales grade into srglllscecus or cherty limsstones.

By Erlen and Senecsn time mud wes being deposited through-
out &1l of the Virginian Appalachlan troughs MNud, silt
and sand continued to be deposited in the synclinal sea in
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Chatauquen (Upper Devonian) time, During this latter
epoch the Catskill contlnental facies started to displace
the marine shales westward.
Post Devonian

During the Mlssisslippian period streams carried vast
amounts of sediments from Appalachis and deposited them in
the continually subsiding Appalachlan trough. During the
lower third of the Mlssissippian, except in the extreme
southweat part of the State, the Appalachian trough
subsidence was about in balance with the rate of deposie
tion and the land surfaee slmost colnclded with ses level.
The shore line fluctuated greatly. During the middle
Milssissippisn in Virginia, the Appalachian trough remained
flooded and thick limestones originsted. The latter third
of Mississipplan time saw & return deposition of s great
thickness of continental mud and sandase.

The Pennsylvanien period in Virginia represents e
time of almost continuous none-marine deposition. A4 vast
pledmont plain extended westward from Appalachia. The
low, sweampy lend was covered with a dense growth of
vegetation which was to give rise to our present-dey cosl,
Occasionally brief merine floodings ocourred. Begause of
the flatness of the land, they were widespread and the
thin beds of marine limsstone produced now form important
horizon markers in studies of the Pennsylvenisn series.

Little Permian was formed in Virginia.
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The Appalschien Revolution

The Paleozole era closed with an earth movement
which permanently chenged the physical appearance of
eastern United States, the Appalschian revolution.

Those minor dlsturbenses during the Peleozole era which
perticularly effected the New England and Maritime
Provinces had little effect on Virginia.

During the Appalachlen revolution compressive forces
were exerted from the scutheast, The sedlments of the
Appalachlan geosynoline were so folded and faulted as to
be reduced sbout half their original width., The dise
‘tortion decreased in intenslty westwerd, so that the
Pennsylvenian and Permian beds of West Virginla were
only slightly disturbeds Since the Appealachian revolutlon,
the ancient landmass of Appalachis had disappesared, the
Appalachian Maunbaiﬁs have been carved from the rocks
formed in the Appalechian geosynclinal seas, and eastern
North America hes assumed the physi#al appearance we

kmow todaye
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ECONOMIC GEOLOGY

Limestones

The limestones of the Fordwick area havs been
quarried commereisally for the past hundred years.
During the latter half of the last century & amall
"morble" quarry was worked in the Coesymans formetion
in Blaok Osk Rldge. The gquerry 1s located on the
northwest side of the ridge, adjacent to the town of
Craigsville, Many of the old tombstones in the
cemeteries of the area are made from this Coeymans
"marble". The stone is cosrsely erystalline and cone
tains numerous fossils and foaslil fragments, especlally
erinoid stem gsegments. It takes a fine polish and has
a pleasing pink color but does not held up well on
exposure to weathering. The operatlon of the quarry
was sbendoned sbout the turn of the century because
other stones became avalleble which was more suited for
ornamental work.

In 1902, the Virginia Portlend Cement Compeny built
& cement plant at Fordwleke. The Helderberg limestones
end Onondsge shale were quarried to supply the necessary
raw mix components for producing the cement clinker.

In 1915, the Lehigh Portlend Cement Company purchased
the plant and property from the former company. The plant
is situated on the northwest side of Brown Ridge about
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two miles southeast of Craigsville, When purchased from
Vipginia Portland Cement Company, the plant was capable

of producing up to 460,000 barrels of cement per yesars
The plent has been modernized and improved snd the present
capaclity is 1,700,000 barrels per year,

The limeatones end shales of the Fordwlck area are
woll suited for the manufecture of all types of portlend
cement as well as several specialized types of cement
with proper blending. The American Soclety of Teating

, Materials in the Standard Specifications defines portland
cement as:

The produet obtailned by pulverizing clinker
conslsting essentially of hydraulle calecium
siilcates, to which no addltions have been
made subsequent to calcination other then
water and/or untreated calcium sulfate,
except that not to exceed 1.0 per cent of
other materisls may be interground with

the c¢linker at the option of the manufecturer,
provided such meterisls in the amounts
indicated have been shown %o be not harmful
by tesis carried ocut or reviewed by Committee
0=l on cement, (of the Scclety)

There are five types of portland cement recognilzed
in the United States.

Type I "For use in general concrete construction
where the speclal properties specified
for types II, 11I, IV and V are not
required.”

Type II or Moderate Heat of Hardening Cement,
for use in general concrete construction
exposed to moderate sulfate actlon, or
where moderate heamt of hydration 1a
required,."
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Type III or High Early-Strength Cement, "for
use when high early strength 1s
required."

Type IV  or LowHeat Cement, "for use when e
low heat of hydration 1s required."

Type V or Sulfate-Resisting Cement, "for use

when high sulfete resistance is
required.”

The chemical requirements for the five standard
types of cement are listed in Table V. One specialty
cement made here 1s mortar cement, which ls essentially
equal parts of Type I cement (see Teble V) clinker and
raw limestone ground together with a weter repellent
agente. |

The Coeymans snd the New Scotland formations contein
a8 very high percentage of Ca0, This is the prineipal
constituent of the cement raw mix. The cherty Beoraft
formetion is used as & source of silica and requires blend-
ing with limestone and shale because of the high Si0g.
The non~cherty Beceraft requires only the eddition of lime-
stone because of the higher R,04 content. The Onondage
ghale is used as the source of Al0, for the raw mixe
In the event 1t is needed, the Orisksny sendstone 1ia
evailable to supply additional silica. These formations
are chemieally sufficient to meet the raw mix demands for
any of the regular standerd cementse. Clinton iron ore
is avallsble within trucking distance of the erea to
supply any necessary additionel iron for making Type II



TABLE V, CHFEMICAL REQUIREMENTS OF THE STANDARD TYPE CEMENTS®
Type I | Type II |Type III | Type IV| Type V

Megnesium oxide {4g0), mex., per cent 50 5.0 540 5.0 4.0
Sulfur trioxide (S0s), max., per cent 2.08 240 2452 240 2.0
Loss orn ignltion, max,., per cent 3.0 340 340 2ed 340
Insoluble residae, max., per cent 0475 075 Ce75 0.75 0.75
Siliea {(510g), min,, per cent - 21,0 - - 24.0
Alumina (A150g), max., per cent - 640 - - 4,0
Iron oxlide {Fegﬂsﬁ, nex., per cent - 6.0 - Ceb 4,0
Ratlo of Aly0s to Feg0s - |0.7 to 2.0 - - (0.7 2.0
Tricaleium sillcate (3 Ca0.5105),

Mm8X., per cent (b) - 50 - 35 -
Dicalelum silicate (2 C20,8105),

min., per cent (b) - - - 40 -
Tricalcium aluminate (3 Ce0.Alp03),

max., per cent (b) - 8 15 7 5

{2) The mexirnmm limit for 30

content for Type I cement shall be 2.5 per cent when the

tricaleivm eluminate content 1s over & ner cent; for Type III cement it shall be

3 per cont shen the tricslcium aluminate conternt 1s over 8 par cente

(b} The tricaleium silicate, dicaleium silicete and tricsleium sluminste are calculsted
from the chemical analysls as follows:
Tricalelum silicate = (4.07 x per cent Ca0) - (7.60 x per cent S10p) -~ (6.72 x per
cent AlgOz) = (1.43 x per cent Feglz) - (2.85 x per cent SOz) ©
Dicsleium silicate = (2,87 x per cent S10g) = (0.754 x per cent 3 Cal0,.5102) ©
Triceleium aluminate ® (2,65 x per cent A81203) -~ (1,69 x per cent Peg0z)
* Americsn Soelety for Testing Materials Specifications C 150-48 (1946).
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The typlcel compositions of the various types of

cement sre listed on the following table:

TABLE VI, AVERAGE ANALYSES

OF THE STANDARD TYPES

II 111

Type | Type | Type | Type
Iv v

OF C EMENT*
Typ
I
silica (S10,), per
ecent 213
Alumine (Al,04), per |
cend 6.0
Iron Oxide (Feg0z),
per cent 2.7
Caleium Oxide (Cal),
per cent 63548
Megnesia (¥gO), per
cent 2.9
Sulfur Trioxide
(305), per cent 1.8
Loss, per cent 1.3
Insoluble Q.2

2243 | 2044 | 2445 | 25,0
4.7 | 549 | 443 | 3.4
4,3 | 3ol | 441 | 2.8

63+1 | 6443 | 622 | 6441

25 | 2.0 | 1e8 | 1.9

1.7 | 23| 12| 16
0.8 | 1aB | 09| 009
D.1 | 02| O | 0e2

*Research Reports, Portland
April, 1941,

Cement Assoclation,
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cement.,

The Eeyser formetion is not being used at the
present time as & raw mix component, but it has been
used In the past In place of the Becrafte The Keyser
can be used as & raw mix component, but because of 1its
higher NgCOy content it 1s not as desirable.

The limestones of the Pordwick area would not be
a3 economiocally important as they are if 1t were not
for the factor of avallabls transportations. The
Chesapeake end Ohlo connects Fordwick with both eastern
end midwestern United States, The coal for fuel in
burning the cement clinker, snd gypsum, for a retardant,
are shipped in and the finlshed cement 1s shipped to
the mearkets by railroads If the railroad were not
present, the limestonses of Fordwick would probably remain
es unsxplolited high-pgrade limestones.

Iron Ore

At the present time the iron ore deposits in the
general Fordwick area have little economic importance.
A small quantity of the iron ore is being used &3 a
raw mix component by the ILshigh Portland Cement Company
plant for speclel cements. Previous to the opening of
the large iron ore deposits of the Minnssota erea thers
were numerous small sctive iron furnsces near Fordwick,
During the war between the states the Estaline Furnece
was very active., The ore was teken from the high-grade
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pockets of the Clinton iron ore formation on Little North
Mountein southeast of the Pordwlck area, Another large
furnaes,; using the game ore, was located at CGoshen about

nine miles southwest of Crailgsville.

Water Resources

Surface Water. The Little Galfpasture River is the

only stream in the Fordwick ares which 1s commerclslly
significants. The Lehigh Portland Cement Compeny has
dammed the river at Fordwick to provide a reservoir for
boller and condensor water. The stream is fed principelly
by small spring fed brooks flowing off the southeast azlope
of Great North Mountein.

There are no figures avellsble on the amount of water
normally flowing in the river. The average rate of flow
doss not fluctuate very greatly from winter to summer.

At no time in the past fifty years has the stream gone
dry; however, there have been a few occasions, during
extremely long droughts, when the water reserve in the
company reservoir became dangerously low from the stand-
point of plant requirements, The river reacts rapidly

to the rainfall resulting from thunderstorms during the
summer. All of the water falling on the southeastern
slope of Great North Mountein between the Augusta County-
Rockbridge County line and Elllott EKnob is drained by the
Little Calfpasture River past the town of Fordwick. The
stream chsnnel is not always able to carry the huge volume



103
of water being fed into 1t durlng heavy thunderstorms and
flash floods occurs The stream will usually return to
normel flow agein within twelve to twenty«four hours.

Subsurface Water. Springs are numerous within the

Fordwick area. Many of the "hollows"™ in both Black Oak
Ridge end Brown Ridge contain springs which flow continuous«
ly winter and summer. Many of the farms depend solely
upon these springs for their water supplys. The towms of
Craigsville and Fordwleck and the Lehigh Portland Cement
Company plant, prior to the development of the spring

fed water supply on Little North Mountain, were dependent
on the springs of these two ridges to supply theilr water.
Due to an inerease in water requirements in excess of that
capable of being furnished by the loeal springs, the town
of Craigsville developed their present water supply on

the northwest side of Little North Mountein. Fordwick
and the Lehigh Portland Cement Compeny now tap into the
pipe line golng to Cralgsville.

With one exception, all of the springs are found
only in the top thirty-foot zone of the Keyser formation.
The single exception 1s e spring on the northwest side of
Black Osk Ridge and sbout five hundred feet northeast of
the Craigaville CGrade School buildinge. This spring is
located in the upper part of the Beoraft formation, This In-
formation is useful when studying the geology of the area.
Whenever a spring 1s found on either of the two rildges
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it is strong evidence that the Keyser is present and the
Keyser=Coeymans contact 18 In the vieinlty. There are
approximately sixzxteen good year round springs present in
the southwestern half of Brown Ridge. The upper thirty
feet of the Keyser formation 1s present in this part of
the ridgse There 1z not a single known spring in the
northeastern half of the ridge and the upper Keyser ia
not present in this portlon of the ridge.

The faet that the upper thirty feet of the Keyser
is the best water bearing zone of the area 1s further
proven by the wells that have been drilled by private
Individuals. Wells which do not enter this zone are
inconsistent producers and are seldom able to supply
enough water year round to meet the normal needs of a
single family« Wells intoc the Keyser zone, however,
always supply all the water required for even the largest
familios.

There are some "winter springs® in the Onondags.
shale in the northern part of the Fordwlck area. These
springs generally dry up by May or June end remein dry
until the following fall when rains again £111 the ground
with water., Wells drilled in this area must generally go
bo a depth of a hundred and fifty to two hundred feetb

to assure an adequate year round water supply for a& family.
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SUMMARY

The rocks of the Fordwick, Virginias, area are folded
and faulted limestones, dolomites, cherty limestones,
sandstones and shales belonging to highest Silurlan
(Tonoloway) and the Keyser limestone, the Helderberg
group, Oriskany and Onondaga formations of the Devonlan.
In this paper the Eeyser ls assigned as bassl Devonians
The Onondaegs shale 1s dlstinguishable from the balence
of the Rommey shele and is t reated as a separate formatlon
insteed of & member of the Rommey groups

The prime purpose of the paper has been to apply
chemical correlation., It is not suggested that chemical
correlation be used exclusively, but rather as an
edditional means of correlatlon. Where 1t is in dise
agreement with other means, the best evldence must be
sccepteds The writer, using chemical snalyses for
correlation, in many instances has been able to construct
more accurate geologlcal sections, proven by subsequent
querry operations, than could be constructed using only
faunal and lithologlc data. The Helderberg group of the
Fordwick ares, because of the narrow range of chemical
cheracteristice of 1ta members, has proven to be 1deally
sulted for chemical correlation. Many analyses are
required before all the ghemical characteristics of a
formation are known and thoroughly reliable correlations

cen be medes Bsceuse hundredas of analyses of the
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formations in the Fordwlck area have been studied by
the writer, 1t 1s possible in practically all iInstances
to identify the formations solely on the basis of the
standard loss free oxide ansalysis used by the Lshigh
Portland Cement Company.

A chemicel relationship of the formations at the
Silurien-Devonisn boundary in western New York (Gunnville),
eastern New York (Alsen), eastern Pennsylvenia (Saylorsburg)
end Fordwick has been describede. In all cases the silicsa
content Inoreases downward through the Devonian to the
Silurisne. Immediately below the Silurian-Devonian
boundary as accepted the silice decreases, but the magnesia
increases.

Since this silica-magnesis change 1s noted between
the Keyaer and Tonoloway but not between the Coeymans and
Keyser in the Fordwlck srea, the writer plsces the Keyser
in the basel Devonian, in Virginia.

Inéalubla residues proved of little value to the
wrlter as s meana of correlation. No new mineral
constancles were found in the insoluble residues which
were not already known, either from the chemical analysias
of the sample, or 1ts appearance before preparation for
obtaining the lnsoluble residus.

&4 new member of the Coeymens has been named Fordwlok
sendstone. It i3 2 nine~foot bed located twelve fest

above the base of the Coeymens. The sandstone 1is lentiou-
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lar and 19ca1.
From the standpoint of economic geology, the

Helderberg, Oriskeany and Onondags sequence of the Ford-
wick area 1s ldeally sulted for supplying meny raw materlsls
required for a cement plant. Coal and gypsum must be brought
into the area, DBecause of the chemical uniformity of the
various formations of the sequence, all types of portland
cement, except white cement, are produced at the Fordwick

plant of the Lehigh Portland Cemsnt Company.
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