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ATTITUDE OF ROCKS
< Strike and dip of inclined bedding The Virginia Department of Mines, Minerals and Energy, Division of Mineral Resources
. (DMR) is constantly gathering data from multiple sources, interpreting the data it
X Strike and dip of overturned bedding gathers, and reflecting its interpretations on maps such as this onme. DMR’s
DECLINATION DIAGRAM 4 interpretations of data from multiple sources are reflected in this map. Reasonable efforts
A @  Horizontal bedding have been made by DMR to verify that this map and the digital data provided hereon
MN accurately interpret the source data used in its preparation; however, this map may
X' Strike of vertical bedding contain omissions and errors in scale, resolution, rectification, postional accuracy,
onm development methodology, interpretations of source data, and other circumstances. This
map is date specific. As additional data become available to DMR, and as verification
of source data continues, this map may be reinterpreted or updated by DMR. This map
is designed at a designated scale and should not be enlarged. Further, this map should
not be used for navigational, engineering, legal or any other site-specific use. Nothing
Direction of North and 9 contained herein shall be deemed an expressed or implied waiver of the sovereign
1986 magnetic \ L. . . s . !
declination (MN) immunity of the Commonwealth or its duly authorized representatives, agents, or
_at center of map employees.
Diagram is approximate . . ;
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Projection: Modified Plate Carree Award Number 98HQAG2011 Portions of this publication may be copied or quoted if credit is given to the authors, the
lon 0 = -78.50000000 Division of Mineral Resources, and the Virginia Department of Mines, Minerals and
lat 0 = 38.50000000 Base map is a modified U. S. Geological Survey DRG, Energy. Geologic information, concepts, and other ideas gained from the use of this
k1 =0.0174533 1986 Front Royal Quadrangle, Virginia, geologic map should be credited as follows:
k2 =0.0136591 30 x 60 minute series )
Rader, E. K., and Gathright, T. M., II, 2001, Geologic map of the Front Royal 30 x 60
minute quadrangle: Portions of Clarke, Page, Rockingham, Shenandoah, and
Warren Counties, Virginia: Virginia Division of Mineral Resources Publication 162.
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EXPLANATION
INTRUSIVE ROCKS Mahantango Formation Keefer Sandstone and Rose Hill A Edinburg Formation, Lincolnshire Limestone, and New Market Elbrook Formation . ‘ unconformity
Formation, undivided Limestone, undivided
Pestditic Mudstone, sandstone, and shale. Mudstone, dark- to olive-gray, hackly weathering, : Bulk of formation: dark- to medium-gray, fine- to medium-grained limestone, Leucogranite
\Yp ericotite locally very fossiliferous, bedding obscure, spheroidal weathering common. Keefer Sandstone: sandstone, light-gray, fine- to Edinburg Formation: black, fine-grained to aphanic limestone with black dolomitic limestone, dolostone, and dolomitic shale. Lithologies commonly occur as
Darke fo  ereenish-dark-ora eidotie oomioeied o clibde  shlowie Sanc_i;tone, medium-gray, fine-grained, medium- to very-thick-bedded, locally coarse-grained, locally conglomeratic, cross-laminated, shale partings, pyrite common (Liberty Hall lithofacies of Cooper and Cooper, erosion-surface-bounded sequences of algal limestone overlain by laminated Leucocratic, yellowish-gray, coarse-porphyroblastic, gneissic granite composed of
deabist g i h g fty Ii : i P s » P tg 13['1 > o fossiliferous. Base gradational, mapped at the base of olive-gray beds overlying quartz cement or overgrowths, thin green to purple 1946), and medium- to light-gray, fine- to coarse-grained, nodular limestone with dolostone. Ground surface frequently covered with decalcified, ocherous, shale-like quartz, perthite, and microcline; accessory minerals include biotite and plagioclase;
Y dro 1ot et.{ps‘eu omgrp 5 alter ?w_lnel Zn_ é;»}irox_ine Wlk f'[ cq?lsney_t%arne 1 rut_lte, < black, fissile shale. Near to southern end of Supin Lick Syncline the Mahantango shale beds near base, sparsely fossiliferous (Skolithos, thin black shale partings (Lantz Mill lithofacies of Cooper and Cooper, 1946). Top chips. Thickness ranges from 2000 to 2500 feet. Lower 300 to 400 feet: green to alteration minerals include epidote and sericite from feldspar; contains 1- to
an’d f;agnﬁ;rg secon atr'y mtlzgas lm'(t;u e.dooml e,k'in e}r{ Z’e; 1(111 é_magnlgr; 5’ = cannot be mapped as a separate unit and its equivalents are included in the Arthrophyeus) thickness ranges from 20 to 70 feet, of the Edinburg marked by a 30- to 60-foot thick very-fine-grained, medium-gray, greenish-gray,  fine-grained  dolostone,  dolomitic ~ limestone, —and  shale; 3-centimeter augen composed of aggregates of feldspar in a finer-grained,
fptl ol ’eq iy ,Ns[erlifznéne, F > ce:_c1 e, and perovskite (Ra ana biggs, d §< Millboro Shale. Thickness: ranges from 0 to 1100 feet; in the Massanutten thickens to the southwest. Rose Hill Formation Massanutten Sandstone thick-bedded limestone (St. Luke Member). East of Little North Mountain a brown-weathering calcareous siltstone marks the top of unit. quartz-feldspar matrix, occurs as ovoid bodies of varying size and as dikes that
nirustyen The Marinsburg rormation. = Synclinorium about 900 feet. > (Clinton Formation of earlier reports). sandstone and greenish-gray silistone occurs about 15 feet above the base of the Edinburg cut charnockite and granulite. Some of the rocks shown as leucogranite contain
Diab = < shale. Sandstone, light-gray to dusky-red, fine- to Sandstone, very-light- to medium-gray, (Tumbling Run Siltstone Member). K-bentonites, some with basal chert or silicified Waynesboro Formation varying amounts of closely associated granulite.
kd labase Marcellus Shale, Tioga Ash, and Needmore Millboro Shale, Tioga Ash, and % { coarse-grained,  cross-laminated;  gray sandstone fine- to coarse-grained, locally zones, common, particularly near the base and top. Fossiliferous. Thickness: 425 to
. o : . . . Formation, undivided eedmore Formation, undivided = identical to the overlying Keefer and the underlying conglomeratic, cross-laminated, matrix 500 feet. Lincolnshire Limestone: limestone, light- to very-dark-gray, fine- Upper 300 feet: dusky-red to olive-gray, fine- to medium-grained sandstone and Charnockite 3
Pﬁzzsey'tegrvsi?h 'blaCk’l'vfmely dCI”yStallil_lte to aphanitic, composed of augite, L~ Tuscarora, very resistant to weathering, makes ledges. less than 5%, quartz cement less than to coarse-grained, medium- to very-thick-bedded, dark-colored limestone with black dusky-red to gray shale. Middle 400 feet medium- to dark-gray, saccharoidal
ADrACOT TAGHOlvIOG and magnotilc. Marcellus Shale: shale, dark-gray to black, Millboro Shale: shale, dark-gray to Shale, green, yellowish-brown, and dusky-red, 10%, thin black carbonaceous shale beds chert nodules, generally parallel to bedding, light-colored, coarse-grained limestone, dolostone and fine-grained limestone. Lower 500 feet: dusky-red, olive-gray, and Melanocratic, grayish-blue-green to dusky-blue-green,
Metalmmalé fissile, with interbeds of dark-gray argillaceous black, fissile, with interbeds of commonly contains limonitic lenses from the with plant fossils in the lower 150 feet generally at the top of the formation, composed of fossil fragments (Murat dark-gray shale and dusky-red to brownish-gray, fine- to medium-grained massive  to  slightly-foliated,  coarse-grained,
\(g etabasa limestone or calcareous shale, locally very fossiliferous, dark-gray argillaceous limestone or weathering of thin limestone beds. Fossiliferous. of formation (Pratt and others, 1978). Limestone Member). Upper contact gradational with the overlying Edinburg; lower sandstone. Thickness: approximately 1200 feet. heterogranular to porphyritic charnockite composed of
§ s . . ; fossils small. Thickness: ranges from 350 feet in the calcareous shale, locally very Thickness: 150 to 500 feet. Quartzite, light-gray, cross-laminated, z contact unconformable with the underlying New Market. Thicknes's: 25 to 250 feet. perthite,  plagioclase  (perthite > _ plagigclase),
ga;rk izgﬂsﬁ %:::}11,ererlrll);alzEzrar‘ggsbssalzoizgpo?zikOgbg?\i ?liizr c}l;)l(())n(’it:, 13;111% Massanutten Synclinorium to about 550 feet in fossiliferous, thickness: approximately medium-grained, framework grains with = Unconformity. New Market Limestone: lower unitt medium- to Tomstown Dolomite orthopyroxene, aqd quartz, accessory minerals include
W;ﬁen C’our?t ¥ 4 western  Shenandoah ~ County. Tioga  Ash: 400 feet. Tuscarora Formation R overgrowths, matrix less than 05%, = dark-gray, fine-grained, thin-bedded, argillaceous, in part dolomitic, bioturbated biotite, opaque minerals, zircon, and locally, pargasite;
> alternating gray, silty shale and siltstone; brown, cement less than 1%. Upper one-third of %< limestone, carbonate pebble conglomerate common at base;, upper unit: Upper unit: light- to dark-gray, fine- to coarse-grained, medium- to thick-bedded, alteration minerals are uralite as kelephitic rims on
Ancokibalit biotite-bearing, calcareous tuff, and fissile black shale. Sandstone and quartzite. Sandstone, light-gray, formation  contains sandy  shale a medium-gray, aphanic, thick-bedded limestone with scattered, rhomboid-shaped locally laminated dolostone, white chert rosettes and nodules in upper 50 feet; o_rth_opyroxene, and chlorite tha.t partially replaces
\am IHE0LEE Needmore  Formation:  dark-greenish-gray, weathers  rusty-brown, fie- to  coarse-graiied, interbedded with sandstone, weathers g« sparry calcite erystals; high=calsium limestone guarried in the area. Thickness: 0 fo thickness about 600 feet, Middle unit; very-light- to medium-gray, medium-grained, biotite; develops rusty-brown rinds on weathered
. . L . . . fossiliferous shale and calcareous mudstone with thin commonly conglomeratic, clasts 025 to 05 inch, thin- brownish- to reddish-gray. Thickness: 200+ feet. very-thick-bedded dolostone and high-magnesium dolostone; thickness about 210 ) surfaces; feldspares are vitreous and greasy-green;
aActg;ilcl)tr)Oht:hlo(ililt{: ’ eciczln;?eosz(rild Osf heelfltem?]ljltj(er‘: lglndog\luvcvll(t(l)ll(smt197p61§1g11(r)1(;t]re:18;vearig black shale at base; thickness: about 120 feet. to thick-bedded, cross-laminated, quartz cement, approximately 900 feet. . feet. Lower unit: dark-gray to black, very-fine-grained, thin- to very-thin-bedded ) rock is generally pristine in hand specimen but may
Middl 1}; t " pk in W : Count ’ ' matrix less than 1%. Quartzite, light-gray, fine- to unconformity z, limestone and dolomitic limestone with argillaceous laminations; thickness about 325 N show development of retrograde minerals in thin
iddle Proterozoic rocks m Warren County. medium-grained, cemented by overgrowths, = feet. Total thickness: 1100 to 1200 feet. g section. Rocks mapped as charnockite occur as distinct
MASSANUTTEN SYNCLINORIUM WEST OF NORTH thick-bedded. Thin, red, green, or purple shale near Beekmantown Formation gé < = masses, as mixed charnockite-granulite rocks, and as
MOUNTAIN FAULT base and top of unit. Sandstone generally overlain by unconformity = Antietam Formation S discret.e interla_yers (many of which are too small to G I d ¢h ki
PALEOZOIC AND PROTEROZOIC ROCKS Devonian and Silurian rocks, undivided quartzite. Contacts gradationgl, basal contact mapped Dolostone, medium- to light-gray, weathers _Very—%ight—gray, fine-grained, medium- 5 ] ) ] _ B . _ gﬁ map) in granulite. url;:?‘z dl(t:l and charnockite,
Ridgeley Sandstone at the base of the oldest thick sandstone bed, upper to thick-bedded, weathered surfaces exhibit a "butcher-block" structure, sparse White to light-gray, fine- to coarse-grained, silica-cemented, vitreous quartzite and = |
i . . Ridgeley Sandstone: quartzarenite, light- to contact mapped at the first thick shale sequence fossils; limestone, medium-gray, fine-grained, fossiliferous limestone; light- to subarkose with phyllite partings. Skolithos common. Thickness: 350 to 600 feet. = Granulite
Hampshire Formation yellowish-gray, fine- to coarse-grained, locally overlying a thick quartzite. Thickness: 100 to 150 feet. |/ medium-gray, fine-grained, laminated dolomitic limestone and dolostone with g Yg Page County
Shal g i b d d sl dusk conglomeratic, thin- to thick-bedded, generally mottled beds; lenses and beds of gray chert common. Upper contact : Harpers Formation E Light— to olive-gray, medium-grained, compositionally
ale, mudstone, siltstone, and sandstone. S ale, mudstone, and siltstone, dusky- to cross-laminated, calcareous cement, friable when Juniata Formation unconformable; lower contact placed at the oldest thick-bedded dolomite overlying 'Ch:‘ foliated, generally garnetiferous, generally
grayishred, in part micaceous. Sandstone, medium- to bro_wmsh—gray, thin- to weathered, fossiliferous; thicknesss 0 to 50 feet. Helderberg Group, dark-gray limestone of the Stonehenge Limestone. Thickness: 2200 to 2400 feet. - Upper 1100 feet: gray, fine- to medium-grained sandstone and quartzite, in part cquigranular  granulite  composed of  perthite,
thick-bedded, cross-laminated, in part micaceous and feldspathic; no reported fossils. Helderberg Group: limestone, light- to Keyser Limestone, Sandstone, dusky-red, fine- to medium-grained, ferruginous. Lower 900 feet: gray to olive-gray phyllite and sandy phylite with plagioclase (perthite to plagioclase ratio 3 to 1), and
Basal contact placed above the youngest fossiliferous sandstone and shale of the dark-gray, fine- to coarse-grained, laminated to Tonoloway Limestone, cross-laminated, in part feldspathic. Sandstone, Stonehenge Limestone interbedded lithic sandstone. Thickness: approximately 2000 feet. quartz, accessory minerals are biotite, microcline,
gorelic_nois Formation pver111a1n bdy redbeds. Thlgkness: apg(rioxlllr_nitely 2000 feft in thick-bedded, with black, nodular chert and white to Wills Creek Format'ion, light-gray to white, fine- to medium-grained, orlthopyroxene, garnet, and opaque minerals; alteration
ockingham County; in Shenandoah County the preserved thickness ranges from light-gray, blocky chert, upper portion may be sandy; Bloomsburg Formation, thick-bedded, cross-laminated, base often contains red Silurian and Ordovician rocks, Upper Stonehenge: medium- to dark-gray and black, fine- to medium-grained Weverton Formation minerals are epidote and sericite from feldspar, uralite
550 to 750 feet. thickness: 50 to 100 feet Keyser Limestone: and ] N_IcKenZie Formation, shale clasts. Shale and mudstone, dusky-red, weathers undivided limestone, thin beds of macerated fossil debris common. Thickness ranges from 400 €w from orthopyroxene, and chlorite from biotite.
; L limestone, medium- to  dark-gray, fine- to undivided lumpy. Thickness: 50 to 300 feet. to 500 feet. Stoufferstown Member (Lower Stonehenge) dark-gray to black, Upper 150 feet: quartz-pebble conglomerate and micaceous sandstone. Middle 300 Quartz-rich  compositional layers alternate  with
Foreknobs Formation t coarse-grained, fossiliferous; thickness: 75 to 150 feet. fine-grained limestone with thin, sheet-like partings; partings crinkly because of feet: greenish-gray sandy phyllite and micaceous sandstone. Lower 150 feet: basal feldspar-rich layers, compositional layers terminate
. . . ; Tonoloway Limestone: limestone, medium- to Oswego Formation cleavage; and thin beds of coarse-grained, bioclastic limestone. Thickness: 50 to 150 conglomerate composed of subangular to rounded quartz and flat shale clasts in a abruptly, producing a dashed-pattern texture;, garnet
Sa;idstone, siltstone, and mlIlO(ri_ shale, lﬂ}tlf}ftegdgg Sandstone, brOWImSI_l-grg, dark-gray, fine-grained, laminated, mudcracked, sparse feet. matrix of sand-sized quartz and lithic grains (includes sericite and chlorite), quartz porphyroblasts larger than the matrix and aggregates
medium- to coarse-grained, medium- to thick-bedded, in part cross-laminated, fossils, thickness 50 to 100 feet. Wills Creek Sandstone, greenish-gray, fine- to coarse-grained, cement, overlain by light-gray, conglomeratic quartzite with interbedded of garnet blasts are common; unit may locally contain
conglorper-anc beds common, sandstone most abundant in the upper part of the Formation: limestone, light- to medium-gray, fine- conglomeratic with chert, quartz, and lithic clasts, Conococheague Formation greenish-gray sandy phyllite. Thickness: 500 to 600 feet. 2-  to  3-millimeter quartz and  feldspar
gorrr_latlon,_ mlany beds v;:ry _fossﬂ1f1ero.us lS)ﬂ;[is(;one, _rrklledluné- to thlzk-b{a(%ded, to coarsegrained, fossiliferous; gray calcareous medium- to  thick-bedded, minor interbeds of O€co porphyroblasts. J
lc:mmz;lnt in lower part of humt, Shale, interbedded wit settln stor%e and si t%ton(; siltstone; greenish-gray calcareous mudstone; thickness: olive-gray shale. Thickness: 50 to 600 feet. J Upper Conococheague: light- to dark-gray, fine-grained, laminated limestone, unconformity
throughout Se(glon l?rci)wms ired s.h'e;le comm(zin in up%erl alf of section. }allsia approximately 130 feet. Bloomsburg Formation: dolomitic limestone, and dolostone with flat-pebble conglomerate beds. The Flint Hill Gneiss
cor(lita}c; n‘s)alcjise at the asehg fOSS}h STOUS San stoneztolz)nfer ain by micaceous shale dusky-red mudstone with interbedded fine- to Martinsburg Formation following lithologies occur as erosional-surface-bounded packages (from base to Catoctin Formation Yth
and thin-bedded siltstone. Thickness: approximately 2 eet. medium-grained, thick-bedded, cross-laminated, top) oolitic, coarse-grained calcarenite; stromatolitic limestone, ribbon-banded ; Light-gray to gray, medium- to coarse-grained, segregation-layered
: : ferruginous sandstone and dusky-red shale; several Upper 100 to 200 feet: brown, medium- to coarse-grained sandstone, may be | limestone and dolostone; interbedded fine-grained limestone and dolostone; and Grayish-green to dark-yellowish-green, fine-grained, schistose metabasalt composed quartzofeldspathic biotite gneiss composed of quartz, plagioclase, microcline, green
Brallier Formation quartzarenite beds; thickness: approximately 400 fet. fossiliferous. Middle 3000 to 4000 feet: olive-green, silty shale, dark-gray siltstone, | dolostone, commonly containing muderacks; sandstone beds in uppermost part of of albite, epidote, chlorite, actinolite, magnetite, hematite, sphene, and pyroxene; biotite, ilmenite, and titanite; accessory minerals include epidote, apatite, and zircon.
Shale. sil d mi d i tesbedded. darle < McKenzie Formation: medium-gray, yellowish and medium- to coarse-grained sandstone, locally contains pebbles. Lower 400 to formation, some sandstone beds cross-laminated. Big Spring Station | amygdule fillings of albite, quartz, calcite, epidote, chlorite, and jasper; tops of Segregation layering defined by quartz-feldspar- and biotite-rich domains on the
ale, siltstone, and minor sandstone, interbedded, dark-gray fto greemish-gray, weathering, calcareous shale, may be fossiliferous; 900 feet medium-eray to scravish-black, very-fine-grained, very-thin-bedded Member (lower 200 to 500 feet of Conococheague): light-gray, fine-grained | flows locally autobrecciated. Interbedded lithologies include: purple meta-arkose, order of a few millimeters thick; migmatitic leucosomes of quartz and alkali
thers licht-b Fropu d s —— 2 y gray gray k, very-fine-g , very dded, . , . . . o ; 4 L L9 : : P :
weathers light-brownish-gray; gram size mcreases upward in sectiom, sandstone thickness: 0 to 25 feet. argillaceous limestone with interbedded medium- to dark-gray calcareous shale. dolostone; medium- to dark-gray, fine-grained laminated limestone and dolomitic phyllite, rhyolitic metatuff, epidosite, and lithic metasandstone. Thickness: ranges feldspar cut segregation layering in places, veins of blue quartz common (Lukert
more abundant in upper part of section, thin- to medium-bedded; sparsely limestone; gray, brown-weathering, coarse-grained sandstone and dolomitic = from 1500 to 3000 feet. and Nuckols, 1976).
fossiliferous. Base of formation placed at the top of a thick sandstone unit of the sandstone; beds of flat-pebble conglomerate in dolostone. Thickness: 2200 to 2600 8
underlying Mahantango Formation or black shale of the Millboro Shale. Thickness: feet. = o Swift Run Formation
1000 to 1800 feet. z 5 <
- S Dark-greenish-brown, sandy and pebbly metagraywacke and meta-arkose;
. & silver-gray and purple, tuffaceous phyllite; thin beds of metabasalt. Thickness:
& L ranges from O to 200 feet.






