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52 30" 5260 1V NE & e ium: _plai 1 ifi Level lan jacent to stream hich m be present only on the northwestern limb of and trilobites. The sediments were deposited matrix material is present between the boul-
38°2;”§%”h 2D - - 50’ ) (HARRISONBURG) 47'30" 78 4?;,” i (‘ " l?}llcl':)vfllggllidatl';‘e lc(i)oglgjamsi(litepos&i;fdofsggrgtl{big; readily t(illlzcclija - tegccavaetz 3 S’i"s" lsilbje éfﬁy E’g the Massanutten synclinorium and may be on a relatively high-energy, subtidal, wave- ders, and the talus slopes are mostly devoid of
- ' e ‘ £ g e 2 7 ; z 3 S e ‘ ‘ ‘ B AT = ; 38°22'30 : ’ y 2 Qe ; = oz T time equivalent to the upper portion of the swept platform that graded upwards into a vegetation. Phyllite and sandstone bedrock

quartzite gravel at base. Chert gravel at base periodic flooding that limits its use to farm q ; : ; ; S

and localized calcareous tufa (marl) deposits or recreational activities. Excavations are The western slope of the Blue Ridge is Elbrook Formation on the southeastern limb. supratidaﬁl zone. The fé‘_eq\tlency of efclwion- bene}alth thehtalug deposits is more deeply

along streams draining carbonate rock terrane. subject to sliding and sloughing. In areas underlain by metamorphosed clastic sedi- The contact between the lower and upper mental changes may indicate a more tecton- weathered than in adjacent areas with no

; 3 ; : : . members is placed at the bottom of th ically active shelf during Beekmantown time. talus cover.

Thickness: 0-20 feet (0-6 m). where alluvial and gravel deposits overlie mentary rocks of the Harpers and Antietam . b - W ; ; Bet South Ri d the f f th
cavernous limestone ~or dolomite, rapid formations that are well exposed along lowest limestone above the dolomite-sand- The contact between the middle limestone Bl 12 ‘I’{V?gn OuThL 1ve1£_ aly 1 e foot (l)l 'el
ground-water withdrawals may induce e Madison Run in Shenandoah National Park. stone sequence. ) ) and dolomite and the upper dolomite units is ue 4 1dge 4, Series O OVerlabplng. a.uvic
subsidence or collapse. Marl deposits have Phyllite, metamorphosed, impure sandstone Exposures of limestone, dolomite and thin placed at the top of the uppermost limestone fan deposits form a broad, westward-sloping
been used locally as a source of agricultural and quartzite of the Harpers can be seen at sandstone beds typical of the upper member in the middle limestone and dolomite unit, aprori Ofd unconsolidated clay, silt, sand,
lime. B REFERENCE LOCALITY 1, and massive of the Conococheague Formation occur on underlying a thick section composed entirely gravel Tn (.:(LarSEr tgluartmte. debris. These

ledges of Antietam quartzites are exposed at a stream southeast of Montevideo at REF- of siliceous dolomite. The upper dolomite inatena(si, with le ogd-plﬁun .alluv1furn and

Alluvium: Upland stream deposits of un-  Wet, boulder-strewn land with very thin soil REFERENCE LOCALITY 2. ERENCE LOCALITY 6. Lithofacies of this unit is generally similar to the lower dolomite a(larracg e%omlis» along Sout E{hlver, dorrfl_an

al consolidated sand and gravel with cobbles along mountain streams is subject to periodic The Harpers Formation contains burrowed member are predominantly interbedded lime- unit, but is not as thick. ~Each contains # mlg S %}l rc% end COVQ{ - th? unter ng
and boulders of quartzite, sandstone, and flooding. This land is most suitable as a beds that are the earliest evidence of marine stone and dolomite strata that range from evidence (mud cracks, algal lamination, thin tﬁc 8. l'e anh ﬁE]COSl 5 fge ;lrll.r;es ‘}’ tege

metabasalt. Thickness: 0-15 feet (0-5 m). woodland or grazing area. life preserved in the rocks of the Blue Ridge. a few inches (centimeters) to several feet dolomite intraclast layers) of an algal flat Wey oxi')er - EP 2 lt-es . Eggl . esﬂ(l)v k i

The Harpers was formed from fine sand and (meters) in thickness. Repetition of a dis- inundated infrequently during major storms. }allynest ﬁ)ro or{tgla llpn tan arde . 11c gs
> Talus: Slope deposits of angular quartzite Steep, boulder-covered slopes are unsuited for. mud that accumulated in coastal mud flats tinctive subfacies succession (subtidal to inter- L e el ge% i eythovefr leth%ﬂ[les g nteix anBlu Olg'r(riu 4
x ta boulders and cobbles. Thickness: 0-10 construction or any form of development and lagoons at the continental edge during tidal to supratidal) occurs in cycles 12- to may indicate crystal growth under evaporative o bgsgrof tehisouonc;nsso?idate?i mat‘v:e riai E:S
S feet (0-3 m). because of creep, slide or rockfall hazard. Cambrian time. While the mud flats alon 15feet (4 to 5 meters) thick and is a COUEIGIONS, WY, e tugt. filen Etlent s
Z : Py g d t ch ests input by an external (aeolian) deposi- been penetrated by only a few water wells

the shelf were subsiding, coarser sandstones ominant characteristic of the upper member. g Lo 5 ; s d is difficult t i it ars to
E IR ;- d B o  Tesel Bomeh fiat ¢ . 55 botod dsiios ) The individual cycles, deposited by a re- tional system operative during dust storms. ang 18 GUCUL 1o Tesognize 28 1 appea’s
) Terrace deposits: issected remnants of evel benches or flats near streams are gen were being deposited as local sand-shoal areas . , Qep a oy v grade into the residual clay derived from the
[ 1d unconsolidated, stratified alluvial deposits of  erally above flood levels. Artificial cuts and and barrier beaches. The clean, well-sorted gressive sea, are bounded by erosional breaks (rir }%ﬁ ContaCtrbet‘geen thde Aol ot aniil deeply weathered carbonate bedrock. The
< clay, silt, and sand with quartzite gravels at  excavations are subject to sloughing and quartzite of the Antietam Formation is in- that may represent an intermittently trans- a? de %p f}f . ;)mes O?etﬁn 1 o oréul-e un}DSIS residual clay deposits shown as sandy clay in
2 base.  Chert gravel at base near streams creep, and land is subject to subsidence or dicative of the most extensive development gressive sea.  Erosion between cycles is L e e I the cross section may exceed 100 feet (30 m)
o draining carbonate-rock terrane. Thickness: collapse where terrace deposits overlie cav- of beach and off-shore barrier-bar environ- responsible for elimination of certain sub- Injeibed Shaye ()8 Fasiige do GHIYE B GLAT. in thickness above portions of the Shady

0-20 feet (0-6 m). ernous limestone or dolomite. ments during early Cambrian time. The z@‘gﬁz Ort;s(t:;(l,)lfdprifl‘ég’ll;li)l(éi’gle;itﬁgggglaggi tl;(()e a?ﬁsufri?nf;’ﬁiitoZio?izg %;lﬁg’tifuﬁ;fs??g or Waynesboro formgtions; such thicknesses

uartzite contains a profusion of worm : ? : e Wit ) e . rted i jacent areas

Alluvial fans: Unconsolidated, locally dis-  Gently sloping, rocky land is characterized by %orings (Skolithos) th%ﬁc are preserved as abireviGey B T e nndew oy MGMaek., o H;)lcngc thgnestone,t mfccmlc hfmeszﬁﬂf 1,:"212 }ﬁz‘éiengalss(i)mﬁgn g]é?ﬁggis clgngg‘cji%ns (King,

at sected, poorly stratified, overlapping siream  water-filled depressions, braided, sinking, or straight, tube-like fossil forms 3 to 5 mm. in composite succession of subfacies begins with afur}ll ?n SHQW < ru(lzcggcs),uzsi rggdrock Os‘l,er_ 1950, Figure 16, Section S—S’, and Knechtel,
deposits of clay, silt, and sand with in- incised streams, and cobbly, sandy, droughty diameter and up to 1 meter (3.3 feet) in a 0- to 1.5-foot (0-.5 m) interval of medium- {) : SS et?f-l rlmn(.)r %ad dolomite. Character- 1943, p. 181-184). The alluvial fans are
terbedded quartzite cobbles and boulders.  soil. Evidence of subsidence is common length which were oriented perpendicular to tn cogtegrunad, Cuii-bedded, wommonly e e o : d locally incised by streams flowing westward

Thickness: 0-200 feet (0-61 m). where underlain by limestone and dolomite. the original bedding surfaces. OOlétlc calcgrgm{e (sgbtldil)lsulc cte e blY = ff;ﬁk:ﬁ‘;ﬁ}gﬁ;ﬂﬂ&;ﬁg?gfmgiﬁf‘é’fﬁg{ﬁ&_ from the Blue Ridge. Some streams are
Artificial cuts and excavations are subject to . . fi?he's{g;te ((.lov;:er ilr?tiaret%gl tacl)%a Se]i'oslﬁﬁ?i)dgll)c erates and burrows. Environmental con- debris-filled and braided, and some sink into
sloughing and collapse. Limestone and Dolomite The algal limestone has irreguf)ag boundaries ditions seem to have fluctuated between g permleablle alluvllum e Sg o

; ; ; Carbonate rocks form the floor of the with coarse carbonate sand, and flat-pebble int(f,rtidal_and supratidal zones with the culmi- ‘?hwerl'l I;l % acesé atl‘fgfmsi?r%ﬁn (:moe;”gt% frlzﬁ

Sandy clay: Residual sand and clay deposits Thick, impermeable sandy clay is covered by valley northwest of the Blue Ridge moun- conglomerate layers above that form part of nation being a prolonged period of erosion. dife gt luvilnto aélgut(l)l f{)iver )

formed on the Shady Formation; includes alluvial fan and talus deposits along the tains. The oldest Cambrian carbonate units a thi.ck. interval (6 to 7 feet, 2 meters) The conigact beﬁween the upper I}mestone Theydee { POULY R 'dissected N

some weathered phyllite and quartzite debris ~ Western foothills of the Blue Ridge. Iron and (Shady and Waynesboro formations) are of thin-interbedded “ribbon” limestone and and dolomite Upib e overlying New of ancientpfsl,ood plains form discontinuous

(in cross section only). Thickness: un-  Thanganese ores have been mined from these covered by confluent alluvial fans along the dolomite (lower intertidal). The thin, inter- Market or Lincolnshire limestones dls lplaged terrace deposits above the flood plains of the

deternzined deposits.  Clay deposits having economic foot of the Blue Ridge. Solution features, bedded subfacies commonly becomes more aT%%VGNtelzg ﬁg%rel?ozti’;ﬂgs?;’l@:dge% ag &rgltﬁi rivers and some of the larger streams. These

potential may also be present locally. The
sandy clay is.subject to severe erosion where
the overlying fan and talus deposits have
been removed.

such as sink holes in the alluvial cover, and
sandy clay residuum in samples from deep
wells indicate that the limestones and dolo-
mites of these formations were dissolved near

dolomitic towards the top and grades up-
wards through an interval of wavy inter-
laminated ultra fine-grained limestone and
dolomite (upper intertidal) into laminated,

combination with the Lincolnshire Formation
as it is thin and probably discontinuous.
The New Market was deposited on the

deposits, like the lowland alluvium, have silt
and sand in the upper part and a layer of
gravel at the base.
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Horizontal beds

A F-939 F, repository number of fossil sample

on file at Virginia Division of Mineral
Resources

Reference locality described in dis-
cussion

rocks as shale and volcanic ash, which
possesses the property of fissility along planes
independent of the original bedding (slaty
cleavage due to the crystallization of chlo-
rite and white mica along these planes) where-
by they can be parted into plates which
are lithologically indistinguishable (modified
from A.G.IL., 1972).

) : :
= ' . . ' theT}slurfacte; tby grotunk(li Watger.l' i n}ug}-lcrackeid dE(?'lomltefl (supratidal) at the top geekmingown Group ?fnd I.Téay gﬁhsegaﬁated GEOLOGIC STRUCTURES
n Diabase dikes: Dark greenish-gray to black  Dikes weather to large boulders and red clay e east to west change in lithofacies from of the cycle (Figure 1). L omm. 1L by -all. UNCONIoTIILY, ough no AND METAMORPHISM
< d diabase. Thickness: 0-15 feet (0-5 m) near ground surface and may be difficult the metamorphosed clastic sedimentary rocks Thin dolomitic beds that contain highly evidence of angularity has been seen in this g
= i 5 A Al of the Blue Ridge to limestone and dolomite rounded and sorted quartz sand and cross- quadrangle. The high-calcium (micrite) lime- The quadrangle is locategi dlagonally across
14 : in the valley to the west indicates a transition bedded sandstone strata may be indicative of stone beds thin from 55 feet (16.7 m) near the Massanutten synclinorium just south of
= , ¥ . ]

from a coastal environment that received aeolian transport during deposition of the Pineville (REFERENCE LOCALITY 9) south- the Massanutten mountains and includes a

P g b : : e e

: : ’ g abundant terrigenous sediment from the Conococheague Formation. ~As there is no westward to 4 feet (1.2 m) northeast of portion of the Blue Ridge mountains in its
Martmsburg Eormatlpn (Omb):. s, dark-grqen, s—gently rolling to hilly upland has steep, continental highlands to a very low-relief obvious source of such sediment within the Mount Meridian (REFERENCE LOCALITY southeastern corner. The east flank of the
fine- to medium-grained, medium- to thick- V-shaped valleys along larger streams and continental shelf environment. ~Through a carbonate platform, it may have been brought 10). In the measured section at REF- synclinorium is comprised of a series of open-
bedded lithic sandstone with graded bedding,  rivers. Relatively shallow, well-drained, sandy combination of the shelf configuration, a in by strong westerly winds that swept across ERENCE LOCALITY 9 dolomitic partings in to-closed, asymmetric-to-overturned folds.

oinb flute casts, groove casts, load casts, and rare  or shaly soil, with moderate to steep slopes warm climate and lime-secreting organisms, a the “Cambrian carbonate shelf from dunal the lower 20 feet (6 m) of the New Market The scale of the folding varies with the rock
chert and black-slate pebbles interbedded are present. Erosion may be severe on slopes shallow-water carbonate platform (Figure 1 areas on the craton to the west. suggests a transitional boundary with the types involved: thin, incompetent interbeds
: - p g :
with dark-gray, laminated, thin-bedded cal- greater than 10 percent because of thin soil was established in early Cambrian time. The contact between the Conococheague rocks of the Beekmantown Group as shallow, of limestone, slate ~or sandstone of the
careous argillite and black slate. Thickness: and rapid run-off of storm water. Artificial Alternating limestone and dolomite beds in Formation and the overlying Beekmantown intertidal micritic limestones similar to those Martinsburg Formation have been warped
undetermined. a, dark-gray to black, lam- cuts and excavations may be unstable where the Elbrook and Conococheague formations Group is placed at the top of the uppermost in the New Market are interlayered with into closed, chevron-like folds with ampli-
inated thin-bedded calcareous argillite with  bedding is undercut. Building sites are good and the Beekmantown Group exposed north- thinly laminated, supratidal dolomite that can thin, supratidal dolomite beds in the upper tudes and wave lengths of several tens to
graded bedding and convolute folds inter- on gentle slopes. Construction restrictions west of the South Fork of the Shenandoah be related to the last Conococheague cycle. Beekmantown. ' ) more than 100 meters (several tens to more
bedded with black calcareous slate. Thick- are imposed on the type and location of River have characteristics similar to cyclic Where the contact is poorly exposed it has The Lincolnshire Formation is a dark, than 300 feet). Folds in the limestone and
. ness: 500-1,000 feet (152-305 m). c, black,  waste-disposal facilities in areas of shallow soil sedimentation described in recent platform generally been placed at the break in slope coarse-grained, cherty, fossiliferous, reefoidal dolomite sequences are much broadfzr arllld
Timber Ridae very fine grained, graptolitic calcareous slate and rapid run-off of storm water. Ground carbonate rocks. Their lithofacies and the adjacent to massive limestones in the base of limestone that appears to be continuous along higher-amplitude structures with wave lengths
S N with a few beds of argillite. Thickness: water for domestic or limited farm use is inferred depositional environments are gen- the Beekmantown Group. both limbs of the Massanutten synclinorium and amphtudes1 rag(g)lng from severai lﬁungreg
.\ 100-200 feet (30-61 m). enerally available form wells less than 200 erally similar to the subfacies and related The Beekmantown Group has been sub- in this quadrangle (Figure 2), but varies from to more than 1,000 meters (several hundre
f %eet (61y m) deep subenvironments described in detail by Root divided into five unnamed formations that are a few feet (meters) on the southeastern limb to more than 3,000 feet). The folds are
’ 1968 d Reinhardt and Hardie (1976) in well exposed along North River northwest of to more than 200 feet (61 m) on the warped upward along a northwest axis that
a and c—gently rolling open land has shallow g’ennss)zlx?:nia :g(li all\f/lar;r:;nd. arIt is( thro)ugh Port Réopublic (RI:IgFERENCE LOCALITY 7). northwestern limb. Along the southeastern diagonally crosses the quadrangle, and plunge
soil and moderate sloges. Severe soil erosion analysis of the differences in successive cyclic The lower limestone unit includes limestone limb of the synclinorium the shape and northeast and southwest from this axis.. This
can be expected on steep denuded slopes sediments, and by inference of the differences and some dolomite beds previously mapped distribution of this reef facies suggests that, structural culmination has brought the resis-
articularly where slate is predominant. Con- in depositional environments,  that the as the Chepultepec Formation (Brent, 1960). locally, reef life temporarily survived the tant Cambrian clastics of the Blue Ridge to
¥ HE : . - ician carbonate sequence has eds In e base o e unit are generally rapid subsidence O e carbonate shell eage
gtructlon rstlastrlctlons et} Irr)l S P o e Cambro-Ordovicia: q h Bed the b f th t g 11 pid sub i f th bonate shelf ed the surface farther northwest than in adJacelr;t
o Bcatin. of wmtedimadl olibes been divided for mapping as groups, forma- thick-bedded calcarenite or alga}l limestone (Figure 1) to build mounds of carbonate areas to form a topographic salient. The
: LR tions. members and units. It must be and seem to represent a lower intertidal to debris around patch reefs before being inun- limestones and the more ayglllaceous rocks
areas of shallow soil, rapid run-off of storm empﬁasized that these are strictly lithostrati- lower subtidal environment similar to one in dated during the deposition of pelagic muds have well-developed slaty, axial-plane cleavage
PG, Eayey Ribuelland Boliien cl}annels e graphic units that may be time transgressive. the Conococheague cycle. In comparison that marked the beginning of Martinsburg along which metamorphic sericite and chlorite
calcareous rock.l Shallow excavations may The lower member of the Elbrook with the Conococheague beds the limestone deposition. were formed. All of the Paleozoic rocks in
fequu'e some blasting to remove resistant Formation 3 st expossl ki, the quzd- strata at the base of the Beekmantown Group The black, micritic Liberty Hall limestone the quadrangle are metamorphosed to lower-
edges. Artificial cuts and excavations may : are much thicker, indicating a longer period of the Edinburg Formation characterized greenschist facies, but the metamorphism
be unstable where bedding or cleavage are rz}ngsﬁ, but the upgermost golomlte. beds of intertidal or subtidal deposition or a by even, flysh-like, rhythmic bedding with seems to be less prominent on the north-
undercut. This land is well suited for Oban dgnggp eﬁ arrrnerz fgsscal\rll rtlel igievr:e . Hfl . oatg more rapid subsidence of the carbonate shelf. convolute intraformational folds at some western, less-folded limb of the synclinorium.
agriculture, particularly pasture. Water wells ;ort Republg: (RI}:]FECREN CEO LOCALITY 3) Interlaminated limestone and dolomite beds horizons, overlies the Lincolnshire Formation Tl:xhe ro(cPks1 arlf_ glso vgfell)];nnlted, andta majﬁr
generally provide small yields from depths less 1hIC | ! : similar to the upper intertidal subfacies of the along the west limb of the Massanutten thrust (Pulaski-Staunton) fault separates rocks
than 150 feet (46 m). Ground water is gharacterlstlc 1(1{51}0%01{3 s of the upper g Conococheague occur sporadically within the synclinorium. A few feet of black slate is of the Beekmantown Group from the over-
moderately hard and may be slightly acidic tert'are eXp?Efle én 1§ dlf‘ north of the gaging lower limestone unit, but there are few commonly present at the base of the unit, riding Elbrook Formation in the northwest
or contain iron. i{? LO1Y tOI?EFE?REOngE LgakAgﬁT%hinandoa.h complete cycles in the Beekmantown Group. and the lower black slate member of the corner of the quadrangle.
dé‘;;‘?)rsi%ion is delinentiod by alternatir.lgcls‘;r(ﬁlec Alternating limestone and dolomite beds in Martinsburg Formation overlies it along a
; . . . . : : L6 g the upper part of the unit are similar to transitional boundary. The association of the MINERAL RESOURCES
% I%// Edinburg Formation: Oelh (Liberty Hall), A low, gently rolling land surface with low, ito&ae u{i}ﬁs andl thin, platy dolomite inter- cyclic beds described in the middle limestone Liberty Hall limestoze with the pelagic facies
& /% dark gray to black, ﬁne-gra}nfzd, thin- to discontinuous ridges has developed on lime- ,_/?ts- 10 e cycles are comparatively short and dolomite unit. The contact between the of the Martinsburg, its flysh-like character, West Sand and Gravel, Inc. produces con-
2 70000 thick- and evenly bedded, turbiditic limestone stone. The soil is shallow, locally cobbly, and (7 to feet or two to three meters thick) lower limestone and the lower dolomite units and the presence of convolute, soft-sediment crete sand, masonry sand, and sized gravel and
s> 5 : 5 2 A d t of th p ’ ) y s gr
250 & with convolute bedding. A few thin beds of  subject to severe erosion as evidenced by areas ‘f’mt tc.gnls‘lts of thin algal limestone (lower is placed at the top of the uppermost lime- folds suggest that the Liberty Hall was is the only active mineral producer in the
55 . very fine grained, graptolitic calcareous black of exposed limestone ledges. Construction igni’.r 1 ta & 0 Uppcg Sdlclibgd&}l) overlain by inter- stone that occurs stratigraphically below a deposited in deep water on the foreslope quadrangle. The gravel pits and crushing
Sk Ty slate interbedded throughout and at base restrictions are imposed on type and location Laina ﬁ.? wavy-bedded limestone and‘dolo- very thick section composed entirely of (Figure 1) of a carbonate shelf (Thomson and plant are located at the end of 20th street
§2 0o locally. Thickness: 350 feet (107 m). of waste-disposal facilities in areas of thin ;;%ati(orllgkll &g&‘;ﬁglsal iarlllggl tkf;liit) lg?ri;a?gg sili%eiousl and V;ggify dolomite. Thomasson, 1969, p. 73). The presence of extended, northwestward from Grottoes on
R} Wo soil and solution channels and caves in the - ! Sy e lower dolomite unit is resistant to black, pelagic slates above and below the the southeast side of South River (REF-
E T > bedrock. Occurrence of bedrock pinnacles (supratidal) dolomlte beds (Flgure 1). erosion and forms Longs Hill as well as the limestone unit indicates the deposit formed ERENCE LOCALITY 13).
o < restricts all but very shallow excavations. The Tl;)e .sufcceSfioF of Eslubenvn'onr.nents that linear chert-covered ridge northeastward to contemporaniously with the basal black slate Grand Caverns, locatec)i within Cave Hill
Q 3 thick, high-calcium limestone is economically gﬁgwsealé}cr%rgg affgg{?y tok\);gfdks :ﬁ%?f&%?ﬁ IPin(?Vﬂi?' Thedlfcfllfﬁ cgnltain_stm_u(g Cr?c%:si algal member of the Martinsburg Formation. east of Grottoes, is the longest-operating
= = ietm | R s iy s Sondons i s noably cepite n hefover amnsion, s iip lomie il By Sandtone, cglte, na Slt o= e e e o
) . intertida 1 t d = . A . .o % 3 . > b P e
0 Lincolnshire Formation and New Market iﬁtraclast cc(;n Slli,mleritesc a tﬁ;’? echi"}gcte?ﬁe intertidal in origin, having been deposited on The Martinsburg Formation has been sub- Madison), are the result of solution of lime-
: i " : ong ; an algal flat similar to an environment of the i ; ; ; stones in the h f folds in th
14 Limestone: Lincolnshire—dark-gray, medium- the overlying Conococheague limestones ; divided into three rock units, and is the = e dingerarea OF MINOL0°Cs 1 tne
o ’ d i , 1 ymg gue 5. Elbrook Formation.  Frosted-quartz sand basinal facies (Fi 1 and Fi 2) of the Conococheague Formation. Besides giving
o M R R e e b s (Bl L g g ) ot
s ormations 1s place L : ? :
sil* wartings. New Markei—dove gray, thick- the break in def)lcl)sitional environnrx)ents 'bz- (be%dif i r;SO(ti.ular cfh ift) su.%.gest recurr;rllt The lower member, a black, graptolitic, been a major tourist attraction. :
. sy assive, ultrafine-grained limestone. tween the supratidal-dominated Elbrook cycle win t'd:rllsfﬁ)%r ? ion ﬂol 1n§ si 1ic‘at 1/a;w]rosst e calc:areous slate*, was derived from pelagic leeston_es, dolomite and_"q.uartmte have
Thickness: 45-215 feet (14-66 m) and the more marine cycles above. At the suprati ats from the craion 1o the west. sediments deposited on the sediments of the been quarried for use as building stone and
’ ’ quarry (REFERENCE LOC ALITY 3) the The contact between the lower .dolomite Lincolnshire or Edinburg formations after road metal, and limestone for the production
Beekmantown Group: Obul (upper limestone contact occurs between thick-bedded dolo- gl lthedmlgl qclf lgnassto? ?C]: n? dOIS(zI?II;e S‘fcglts they had subsided into relatively deep watelzi ,?ﬁ IHSI’; s1ncde the ealrly dasés of settlement in
] i § in- it i1s placed at the base ol the lowest limestone The black slates are very poorly expose e Shenandoah Valley. Several abandoned
Z'}ga}i,-,‘;é‘?méﬁfleZ"}fﬁ,efg)‘fegﬁﬁytérgzgldggd%ﬁ; ﬁlrilssta:)tnghient?}?e Oéo%lgcgég?a()keagdcfs 315352% bed. Cyclicly bedded limestone typical of in the Grottoes quadrangle, but their presence quarries are shown on the map. High-calcium
; e ; ; ; o X the middle limestone and dolomite unit is is expressed by a belt of thin, shaly soil limestone, which has many industrial and
light-gray, fine- to medium-grained, thick beds northwest of REFERENCE LOCALITY 4 the 1 d Stonch F REF- D y > o VoLl 4 2
; ; : t ; : well exposed on Stonehouse Farm (RE and small exposures of slate adjacent to chemical uses, occurs interbedded with dolo-
of laminated dolomite and a few thin beds contact is placed above the uppermost thin ERENCE LOCALITY 8). An idealized mid- ; ; s : ; :
of gray to tan shale and pink, calcareous laminated dolomite that can be related to de o nrie limes)t.onen clyceglzc%ngilns the rocks of the Lincolnshire (REFERENCE n}fltft?ﬁn tge lllipperthmest%ne and doéomlte uﬁlt
mudrock. Thickness: 290 feet (88 m). Obud the last Elbrook cycle deplete in coarse i : ; £ = LOCALITY 10). OF Lag DecSINANLOWIL Lroub, ane ieenctaly
B s i), M & Dagim, calcarenite and intraclast conglomerates but e i e o _The pelagic slates are transitional upward ey T ore. B (LA it b
fine- to medium-grained, thick-bedded, lam-  Gently rolling land surface with a few low rich in thin, laminated to platy dolomite %hanneled down into the underlying dolo- into the middle member, a turbiditic facies ey lm?ftone'l firnostor Son (1.950) i g
inated siliceous dolomite interbedded with roundyhills ar%d linear ridges has formed over interbeds. mite. Cross-bedded, oolitic carbosrllat% sands distinguished by the appearance of a rhythmic SRSy, B st ey ion Ao folopites,
coarse-grained, locally brecciated siliceous  limeston d dolomit 4 11 red Massive dolomite and interbedded sand- (lower intertidal to upper subtidal) have also spbuersion, o pily, wiomeqns auglilile, black, s e A L
dolomite with beds (Z};ld nodules of black to vlvllltlfl (()jleg anwell-gra(l)ilrllléde S%?{leraAy Sgcviikﬁe some comprise the lomer member of the been observed in tgg lower part of the fine-grained limestone and slate that have £ e Ea R s e
tan chert. Thickness: 250 feet (76 m).  soil creepp,and severe erosion mayp%ccur in gggcoIEZe:gLE%El;‘%rggg%% Lg(gg}iv‘f%% gg cycle. Mottled, partly dolomitized limestone %151 Sﬁ?nisgggghénfmthgedgé?gbiigt};}orlrﬁgggg 54%2(3%33;, 01.9283,; l?é%z?l3’1000-.7145’. CaI(ths%,om?lZlﬁkilé
gb;gnl ( mlddled{imestone and dolomite unit),  modified land areas on steep slopes, whereas aid 45 ysimilar fa  She lower park of gi’flliln lfcléléros‘;‘it S%;l%t;l;zgsitgri)%dzhrﬁlébez?lg:r(rila%g (REFERENCE LOCALITY 11). The mixture noted, however, that in both the southeastern
ark-gray, medium- to coarse-grained, fossili- on gentle slopes, the soil is generally stable. the Conococheague in Frederick County . ated, sty y s . of calcareous and terriginous sediment in this and northwestern belts of the New Market the
ferous, bioclastic limestone with algal struc- There is a great variation in thickness of the Virginia, and in Pennsylvania where it was in the upper part. At the top of the cycle member indicates it was derived from two limestone thins from north to south, and that
tures, oolites, cross-lamination and flat-pebble soil over short distances; clay subsoil has a mapped as the Big Spring Station Member gg‘rutgm‘i‘s)logété:eg le:gg:t?nnt% rgét’ckzlegul‘;rhoevxz source areas; carbonate mud transported by this thinning may preclude economic develop-
conglomerate interbedded with limestone,  moderately high shrink-swell potential. Com- (Wilson, 1952). These rocks form low : > & Dwar » LA turbidity flow from the shelf west of the ment in the Grottoes quadrangle. )
and dolomitic limestone with burrow struc-  mon sinkhole and cave development, par- discontinuous ridges that are subordinate to thin. lagunated dOIOI.Ill.lte' e BRlEmEE basin, and terriginous mud transported down A slate sample from the sandstone-bearing
tures silty calcarenite, and laminated dolo- ticularly in the limestone units, necessitates the ridges formed by the upper member in E edslarle ge nﬁzﬂrally fomsl 1£e1gous ar}lldlm a%dltlon the basin by turbidity flow from tectonic unit of the Martinsburg Formation was tested
mite. Thickness: 915 feet (279 m). Obld restriction of choice in the determination this quadrangle. The lower member seems to t;) 2 ggs %OS romgcz, gcf)ncﬁilgoigg %?apc%is’ gaas; lands to the southwest (McBride, 1962). The in regard to bloating and firing characteristics,
(lower dolomite unit), massive, dark-gray, of the type and location of waste-disposal OpOasy: [ragmen ’ ope middle member is transitional upwards into and good expansion occurred at temperatures
coarse-grained, locally brecciated, siliceous facilities and other construction. Ground- COASTAL WAVE SWEPT OPEN the upper turbiditic, sandstone-bearing mem- between 1150°-1200° C. Other samples
: SN ‘ | - . v L : : , : . ; dolomite with thin, dark-gray chert beds, water availability is good to fair, and the PLAIN CARBONATE PLATFORM SLOPE SHELF BASIN ber. The contact is placed at the base of the (Calver, et al, 1961) from the sandstone-
1070 : 0% : VA (g ‘ G iy s vealen it 1 ﬁ chert nodules, quartz veins and quartz crystal- ~ water is generally hard. The ground-water = Y == —yE Y lowest lithic sandstone bed, a less distal bearing unit of the Martinsburg showed po-
Y C e ! : S e N | . lined vugs; interbedded with light- to dark- in these carbonate rocks is susceptible to Supratidal zone  Upper intertidal  Lower intertidal to  Platform edge, turbidite unit distinguished by characteristic tential for common brick, ‘tile or possibly
gray, fine- to medium-grained, massive to  contamination from surface sources where (evaporative flat)  zone (tidal flat) upper subtidal carbonate bars, sole markings at the base of the sandstone light-weight aggregate. However, the Coari"e
laminated siliceous dolomite.  Thickness:  sinkholes are present or where the soil is zones (shelf, tidal channel fills, beds. A few black-chert cobbles and meta- sandstones interbedded with the slate V‘{Qllld
1,240 feet (378 m). ObIll (lower limestone  thin; contaminants induced into the sinkholes NW shelf lagoon) patch reefs SE morphic rock fragments have been found make separation difficult for brick or light-
unit), dark-gray, fine-grained, thick-bedded  may be transmitted for considerable distances in the lowe? sar;drsrso;lghigeds ksugggstlélg g Wegfh%;%gr?ga{ce cpmd;cizloiﬁ:cerest B S
. - 3 . 3 - h 3 : % source area O metamao TYOCKS undergoin orical econo i
lmistone, interbedded, wih lightamay, fne.  thesugh scluton chamnel s raciupes i e ol (BFRRENCE LOCALITY 12} fape o on Sidson T (REFER
4 : : : 2 . 2 . 2 i The sandstone beds thin and decrease in ENCE LOCALITY 1 which is the old
dark-gray, ultrafine-grained, limestone with ledges are exposed in most areas and rockland ) « N .
black chert nodules, undulose laminations, (areas where ledges are less than 10 feet or Figure 1. Generalized cross section showing morphology of the Cambro-Ordovician carbonate glumber WeBkHAK Gorapg e heni . i o — igﬁnace mer.ltlor_led bsi
: ’ < ong the west flank of the synclinorium the Watson (1907, p. ). An old iron-manga
burrow structures and flat-pebble conglom- 3 m apart) occurs locally on thick sequences shelf environment—central Shenandoah Valley, Virginia. upper member is dominated by the inter- nese pit located in residual sand and clay
6(23“02'?5 r;n) lower part. Thickness: 400 feet gfb ?ge;r;?itlg% 1‘3‘3‘522?5‘3;12% gglgggﬁg covers Boladdedh slstg,ﬁ and aﬁgilgjte]sc) that persist itﬁ)pr?ximately 2.5 ﬁniles é4 km) northeast og
¢ . . . ) . . roughout the upper Martinsburg. e furnace may have bee
the rounded hills and lowlands underlain by Antietam Formation: Massive, ledge-forming, Resistant quartzites weather to form steep, g | e e e limonite for smgiting_ SRS
Conococheague Formation: €cou (upper siliceous dolomite. white to light-gray, medium- to fine-grained, rocky terrain with cliffs, talus, and thin, gneous ROCKS
member), dark-gray, fine-grained, algal lime- 8, in €co and €col—deep, residual sandy soil vitreous, Skolithos-bearing quartzite with mi- very permeable, excessively drained soil. Ex- A swarm of north-northwest trending, near GEOLOGIC FACTORS
stone alternating with flat-pebble limestone formed from thin, calcareous sandstone beds nor qmounts.of interbedded phyllite in upper cavations are subject to slumping. These vertical diabase dikes were intruded into the THAT AFFECT LAND MODIFIC
conglomerate, thin-bedded limestone with si-  that commonly occur on linear ridge crests portion. Thickness: 800 feet (244 m). conditions severely restrict most uses of  piioos0ic rocks during the Mesozoic Era Al
liceous partings, laminated limestone, and and slopes. the land which is woodland. Ground-water ; ; i i G &

3 : ; ; ! p 1ol W o e The dikes are composed of fine-grained, Areas underlain by similar rock types, or
lamzm(ziteld to th;cl;;}ll)gatlieded, 'fm;-%uned, llz%%to avall?ib%i‘{tylls‘ poor and drilling conditions greenish-black to black olivine diabase that having similar surficial deposits, form land
gray dolomite. ickness: ,100 to 1, are di icult in the resistant and abrasive weathers to distinctive, large boulders and units that have been evaluated on the basis of
e ke v Sl (v nae s i e

= ; s . i 4 ound-water
ive to laminated dolomite. Thickness: 1,400 . . . Surficial Deposits withdrawals. The locations of major sink-
feet (427 m). €co, interbedded limestone and Hirpers, Pomomtion: . Darkepegn, ‘1”.‘”"‘2' Steep rocky land with thin, permeable, ex- Thin lowland alluvial deposits are present holes and modified-land areas are shown on
dolomite. Thickness: 1,800 feet (549 m). chlorite-sericite phyllite arju;l fine grag%de J cessively drained soil is associated with weath- in the flood plains of most streams and rivers. the geologic map and described in the legend
s, thin (0-10 foot or 0-3 m) beds of tan to even-bedded sandstone = with interbedde ? ered talus deposits; cliffs and ledges of quartz- They are composed of sediment derived as special units involving land modification.
brown, medium- to coarse-grained, cross- bluish-gray to white, medium-grained, cross ite are present. Artificial cuts and excavations from weathering and erosion of siliceous Rock units are guides to land units with
Larnate laminated quartzite. A few thin beds of  are moderately susceptible to erosion. Thin ; ; similar environmental and physical properties.
d quartz sandstone. ; 5 - rocks in the Blue Ridge and, to a lesser phy prop
purple to black, coarse-grained, metamor-  soil, rapid run-off, and dense, fine-grained degree, the chert- and sandstone-bearing rocks However, as some of the rock units vary
phosed ferruginous sandstone. Skolithos and  bedrock provide only poor availability of o Shénandoah Valley. The deposits grade internally in lithology and structure, a de-
Elbrook Formation: -€eu (upper member), worm borings, bioturbated beds, tracks and  ground water. Such restrictive conditions from silt or sandy silt at the top to coarse tailed evaluation of individual sites is rec-
medium- to dark-gray (orangish-yellow on ?ralls common in most sandstone and quartz- necessitate caution in selection of the type, quartzite cobbles and pebbles in a sand matrix ommended. Data on forestry, regional plan-
weathered surface), fine- to medium-grained, L ite. Thickness: 1,600 feet (488 m). location, and density of waste-disposal sites at the base along rivers and smaller streams ning, soils and water may be obtained from
medium- to thick-bedded, massive or lam- » and other construction. that originate in the mountainous areas. tk%eFfollo:vmgPaggn%es: 3(715)8\71(13%1“1151 glVlS}l(I)n
inated dolomite interbedded with thin, dark- Silty clay deposits with chert gravel at the of Forestry, P. O. Box , Charlottesville,
. ; i i VA 22903; (2) Central Shenandoah Plannin:
gray, algal limestone, flat-pebble limestone base are common in the flood plains of A ; (4) G g
conglomerate, platy dolomitic siltstone, and a Modified land: Extensive cut and fill due streams draining areas of cherty carbonate District Commission, P. O. Box 1337, 119
few thin sandstone beds. Thickness: 1,800 . . : : to grading rocks. West Frederick Street, Staunton, VA 24401
4 - s The limestone and dolomite, which underlie ) Upland alluvial d ] nerall 3 (3) Soil Conservation Service, U. S. Depart-
feet (549 m) maximum. €el (lower member) : s : Ipland alluvial deposits are generally pres > D
: : ! ¥ the alluvial fan deposits in a 1- to 2-mile . . . £ in st lleyvs of the Blue Rid ment of Agriculture, P. O. Box 10026,
ale-green, laminated- to thin-bedded, platy : X Sinkhole Area of known or potential ent 1n stream valleys o € € nldge :
04 Cely: ’ (2 to 3 km) wide belt west of the foot of the : : . el e SO TR, - R o R T Richmond, VA  23240; (4) State Water
dolomite; light- to dark-gray (buff where . sinkhole development, subsidence, and cave : y np p > 3
i . : : Blue Ridge, have been penetrated by several : bbl d boulders, derived h k Control Board, P. O. Box 268, Bridgewater,
weathered), fine-grained, laminated dolomite - p KEY openings. cobbles, and boulders, derived from the roc
il 8T ’ : : drill holes. These rock units appear to com- : i 1 di VA 22812.
1 . p : outcrops on adjacent slopes. The sediment
and laminated maroon phyllite near base (in :
cross section only). Thickness: 1,100 feet  Prisc 2 major relatively untapped aquifer in these deposits is coarser upstream, and
bkl i’ 4 * ? system that is recharged by the percolation of the deposits grade into finer-grained lowland REFERENCES
(335 m) maximum ;
- surface water run-off from the Blue R1dg1e. CONTACTS FOLIATION alluvium downstream. : 3 o i
. . 5 P 1 1 . merican Geological Institute, 1972, Gl §
Waynesboro Formation: Maroon, tan, and The p (()itentlal fﬁ)r large yields from deep we lls Exposed or approximate “20  Strike and dip of schistosity lExtenswe 1 tragl h%{ e datus dey OSl? of gﬁl Geology: V%;s.hing?gnl,lj%fn. Geol. Inst.o,sgaorg pf)
. el e g is good but well construction may be difficult gular quartzite boulders are present on the
yellow phyllite and argillite, interbedded with : : : : Calver, J. L., Hamlin, H. P., and Wood, R. 8., 1961,
limestone., dolomite, and {‘hin sandstone (in and .the COSt.for all wells, particularly for 510pes_and in the hOHOWS‘ below prominent Analyses of clay, shale, and related materials -
2 i : municipal or industrial use, is relatively high FOLDS LINEATION quartzite ledges of the Antietam and Harpers northern counties: Virginia Division of Mineral
3g8°15 G A ! e g 3 . ; N . A ' L : _ . 38915/ ?:’;,033; lif)ctifr?:x ig’znl?r;*f. Thlcknes_s.' 1,100 feet because of the unstable, deeply weathered formations. The deposits contain angular Hid Rssourcﬁs, Ié’ﬁn%ii 5ReISO(lilrc<t?S. fl{elf_’ort t2,194 P~d
280500307 > (G RIMORA/ 47'30" S AR ‘ bedrock and the thick unconsolidated de- 4 : : ; boulders that range up to 3 feet (1 m) in IMUBCSOIL vy D /205 JDGUSUEIGY Mesiones an
78°52'3Q ) 111 NE 7 e U5 , ’ ) c TRP Y., v p— — ” g . - . dol ;
’ oEo0 I NE <Z: posits overlying it. The ground water is _ il CYCHITS T " i I?lgtecmg?’c?grﬁela%t(‘)r?lunge, and sym length and are relatively uniform in size er?smiff Ssﬁgn;gé%l:ﬁa vﬁ?éﬁl?er%ifgriﬁi;%‘éé‘?
Base map from U.S. Geological Survey, 1964 SCALE 1:24000 " Williams & Heintz Map Corporation = Shady Formation: Dolomite and limestone generally hard but otherwise of good quality; Y within a single deposit. ~ Generally, little Survey Bull. 65, 195 p.
Grottoes Quadrangle, 7% Minute Series g 1 = R - Capyrighe 1508 i (in cross section only). Thickness: 1,200 the aquifer is susceptible to contamination by —y R e Manpatse degoslis af e
CROSS SECTION DESIGN = e e e : 5 an Commonwealth of Virginia m feet (366 m) maximum. unsanitary surface sources. 4+ Direction and angle of plunge of MINE AND QUARRIES NW SE e M, R e
= ticl
1000 0 1000 2000 3000 4000 5000 6000 7000 FEET < minor anticiine Qrsm ~ Survey Bull. 940-F, pp. 163-198.
1. No vertical exaggeration === : ] . = : ¢} : Abandoned mine or quarr King, it 0§ Gy, e Elkion ares.
. - 5° : : ‘ : .8 : Prof. P
2. Subsurface structure interpreted from surface B ——— y s 2l A N gﬁfgﬁl?glda&dow?ﬁ?iuﬁfe frllléng‘iep 8§ i o and magganese) McB 'gér()g;é% Ph. 1962 F‘?O b ur;ey . dzpzr
4 MILS i % : Crushed st (1~ £ cBride, Earle, F., ,_Flysch and associated beds
megstirement. CONTOUR INTERVAL 20 FEET S viren 3 o e al pl bR, BWONE GRS NIMEsinneG, t the Marthshes Poimation (Qrdévie
3. Thickness of terrace deposits, alluvial fans, and DOTTED LINES REPRESENT 10-FOOT CONTOURS s : g:’_\. IS prs %chrél)estone and dolomite, or quartz- %erlxtrgz Aé;;%schui;%s: ® fowrnal éfrsgg}c?er;?:
) - . ) . 82, No. 1, pp. 39-91.
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. Slate as used in text is a compact, fine-
A STAUNTON = & g s = b A% S A / : i , ) .
& & MASSANUTTEN & H 45  Strike and dip of beds grained metamorphic rock formed from such REFERENCE NOTE
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