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FIELD TRIP TO THE IGNEOUS ROCKS OF AUGUSTA,
ROCKINGHAM, HIGHLAND, AND BATII

COUNTIES, VIRGINIA

By

Robert W. Johnson, Jr.,1 Charles Milton,2 and John M. Dennisons

INTRODUCTION

This two-day field trip of the Geological Society of America,
October 30-31-, 1971 includes inspection of representative locali-
ties of the alkalic complex of Augusta County, including Jurassic
nepheline-natrolite syenites, teschenites with baseme.nt xenoliths,
and a calc-silicate contact hornfels during the first day (Plate 1).
Characteristic of alkalic rock occurrences are rare minerals
containing titanium, niobium, and rare earths; in Augusta
County nenadkevichite, astrophyllite, and bastnaesite have been
found. Peripheral to the 400-square-mile, elliptical area contain-
ing the alkalic rocks are olivine diabases, indistinguishable from
the common Triassic diabases of the eastern North American
seaboard, and in Rockingham County, an unusual spinel-olivine
basalt, age unknown.

On the second day, in Highland County, will be seen the
Tioga Bentonite of Devonian age (Appendix V) that is wide-
spread in the middle-eastern states, whose source from isopach
studies is believed to be in nearby central-western Virginia.
Many basaltic and andesitic volcanics of Eocene age (the young-
est known igneous rocks of the eastern United States) will be
seen, and typical exposures visited. One andesitic dike(?) has
undergone striking barium metasomatism, with harmotome, a
barium zeolite, replacing normal rock-forming minerals and
formation of barite with * -cristobalite.

In Pendleton and Pocohontas counties in contiguous West
Virginia, are further extensive occurrences of basaltic and ande-
sitic volcanics with pyroxenites, peridotites, and igneous brec-
cias; their age is unknown.

First recognized in 1837, the igneous rocks of this region
have been studied by many geologists. Darton (1894, L899) sum-
marized and mapped the then known petrology; Watson and
Cline (1913) described the general area of alkalic rocks in
Augusta County; Garnar (1956) described the basalt-andesite

' Tennessee Vallqr Authority, Geologic Branch, Knoxville, Tennessee.
' G,eorge Washington University, Department of Geology, Washington, D.C.
" Department of Geology, Universi,ty of North Carolirra, Chapel Hill, North

Carolina.
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complex in Pendleton County, West Virginia. Many master's
theses at the University of Virginia and'the Virginia Poly-
technic Institute describe igneous rocks of the region in selected
areas. Almost 400 such outcrops have been recorded, and more
recently, Kettren (1970) has added several dozen. It is believed
that.the yet undiscovered occurrences outnumber those now
known; however, it is likely that enough have been examined
so that the broad outlines of the complex regional petrology,
covering Paleozoic, Mesozoic, and Tertiary volcanism, are now
known.

Johnson and Milton have studied and mapped these roeks
since 1950, obtaining detailed petrographic, chemieal, and geo-
physical data on almost all of the presently known alkalic rocks.
Dennison and Johnson (1971) reviewed the regional petrology
as related to structure, geothermics (warm springs), geophysical
data, ,and Appalachian geological history. Radiometric ages of
igneous rocks in the Valley and Ridge province of Virginia are
discussed in Appendix IV. The geologic formations of the field
trip area are generally similar to those as shown in Table 1.

Table l.-Geologic formations in western Highland County,
Virginra.

Age Name Char,acter

Generalized
thickness
in feet

>.t
sl
F
(l)

Holo-
cene

Alluvium Sand to rounded boulders
in stream valleys.

0-10

Pleisto.
cene

Colluvium Angular rubble to sub
rounded boulders on valley
slopes and capping
terraces.

0-20

*r,9H Eocene ,.F elsic dikes and
sills

Andesite, andesite por-
phyry, and trachyte.

Triassic ( ?) Mafie dikes and
plugs

Basalt, olivine-basalt
porphyry, and diatreme
breccias.
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Age Name Character
Generalized
thickness
in feet

Mississippian Pocono Formation Chiefly yellowish-gray
sandstone with siltstone
and shale.

400

Devonian

Hampshire
Formation

Nonmaring reddish-gray
siltstone, sandstone, and
shale with some yellow-
ish-gray sandstone.

1000

Foreknobs forma-
tion (Dennison,
1970)

Marine, lightolive gray
sandstone and siltstone
with some reddish streaks
and conglomeratic layers.

2300

Brallier
Formation

Marine shale and turbidite
silts'tone; weathers lighL
olive gray.

1500

Millboro Shale Black, mostly platy, shale. 280

Tiog.a Bentonite Brownish-gray shale with
tufr layers as eoarse as
sand-size.

30

Needmore
Formation

Dark- to lightolive gray,
chippy shale; tongue from
west of Huntersville chert
near middle.

100

Oriskany
Formation

Coarse, fossiliferous, ma-
rine sandstone: important
as gas reservoir.

130

Licking Creek
Limestone

Limestone; dark and
cherty in lower part.

195

New Scotland
Formation

Limy chert and cherty
limestore.

25
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Age Name Character

Generalized
thickness
in feet

Devonian New Creek
Limestone
(Bowen, 1967;
formerly
Coeymans Lime-
stone.)

Joarsely crystalline and
:rinoidal limestone.

50

oa
h
a)tl

Upper member Fossiliferous limestone. 120

Silurian

Big Mountain
Shale member

Dark, calcitic shale. 28

Lower member Fobsiliferous limestone,
wavy-bedded.

75

Tonoloway
Formation

Thin-bedded to laminated.
fine-grained limestone.

450

Wills Creek
Formation

Calcitic shale and arg:il-
laceous limestone.

t20

Williamsport
Sandstone

Whitish, fine-grained, ma-
rine sands.tone. Important
gas reservoir rock.

20

McKenzie
Formation

Limestone and shale. 170

Rochester Shale Gray, very caleitic shale. 25

Keefer Sandstone Very limy, locally hema-
titic. sandstone.

8

Rose Hill
Formation

Reddish- to olive-gray
sandstone, and shale with
rnarine fossils.

200

Tuscarora
Formation

White orthoquartzite. 110



Ordovicia

Sources of information:
1961, 1970), Kettren
1943,1951).

Tnrp ro Icxnous Rocxs

Bowen (1967),
(1970), Swartz

Butts (1940), Dennison (1960,
(1930), and 'Woodward (1941,

Age Narne Character

Generalized
thickness
in feet

n

Juniata
Formation

Reddish-gray siltstone,
sandstone, and shale;
non-fossiliferous.

700

Oswego
Formation

Olive-gray sandstonel
OrthorhEnchula
abundant at base.

50

Martinsburg
Formation

Dark shale with inter-
b€dded limestone at base
and turbidite siltstones
more abundant toward
top.

1400

Trenton Group Limestone and some shale,
with metabentonites.

200

Black River
Group

Limestone, micritie to
argillaceous,

165

New Market
Limestone

Cherty limestone, micrite,
and magnesian limestone.

350

Beekmantown
Formation

(Only top 200 feet is ex-
posed in axial region of
Ilightown anticline.)

2000
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ROAD LOG AND LOCALITY DESCRIPTIONS

First Day of Field Conference

Saturday, October 30, 1971

Point of origin: 'Entrance 
to Belle Meade Motel, Harrisonburg,

Virginia.

D,istance Cumulatiae
i,n mi,les mileage Enplanati,on

0.0 0.0 Entrance to Belle Meade Motel; turn right
and go north on U. S. Highway 11.

2.1 2.7 Turn left and go west on South Avenue.

0.5 2.6 Intersection, State Highway 42; tarn left and
go southwest on State Highway 42.

0.9 3.5 Intersection, State Road 726; turn right and
follow State Road 226.

0.6 4.1 Intersection State Roads 726 and 910. Con-
tinue straight on State Road 726.

1.3 5.4 Intersection State Road 726 and U. S. HiSh-
way 33; turn left and go west on U. S. High-
way BB.

1.8 7.2 Turn left on State Road TB4.

0.9 7.5 Interseetion State Roads 734 and ?BB; turn
Ieft on State Road TBB.
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Distance Cumulatitse
i,n miles ,mileage Enplqnation

0.2 7.7 STOP 1. Mole HilI (45 minutes). Park just
beyond right angle turn in State Road 733.
Walk up wooded path to top of the hill (Fig-
ure 1). Approximate distance is 0.5 mile;
elevation change is 350 feet.

This prominent knob (elevation 1895 feet)
is the highest isolated topographic feature on
the Shenandoah Valley floor (Figure 2). The
top is capped with blocky rubble of olivine
basalt containing the spinel, hercynite (Figure
3). The shape of some blocks suggests col-
umnar or polygonal jointing. It is question-

Figure 1. Mole HilI, near Bridgewater, Rockingham County, Virginia,
composed of o ivine-spinel basalt, perhaps a volcanic plug.
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Distutnce Cumulatiae
'i,n miles mileage

0.2

Figure 1. MoIe HilI, near Bridgewater,
composed of olivine-spinel basalt, perhaps a

Erplanation

7.7 STOP 1. MoIe Hill (45 minutes). Park just
beyond right angle turn in State Road 733.
Walk up wooded path to top of the hill (Fig-
ure 1). Approximate distance is 0.5 mile;
elevation change is 350 feet.

This prominent knob (elevation 1895 feet)
is the highest isolated topographic feature on
the Shenandoah Valley floor (Figure 2). The
top is capped with blocky rubble of olivine
basalt containing the spinel, hercynite (Figure
3). The shape of some blocks suggests col-
umnar or polygonal jointing. It is question-

Rockingham County, Virginia,
vo canic plug.



VrncrNu DryrsroN or MrNunnr, Rssouncns
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Figure 2. Part of the Bridgewater ?.b-minute topographic quadrangle
showing location of Stop 1 and intrusive rocks in the immediate- area.
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Distance
,i.nmi.les

Cumulatinse
rnileage Enplanati.on

tionable if any of the basalt can be found in
place. Large phenocrysts of pyroxene are
abundant, and occasional phenocrysts of yel-
low-brown olivine and rarely hercynite may
be observed.

The Mole Hill basalt is a fairly uniform
rock with chemical compositions very similar
to that of the Triassic diabase dikes. The

Figure 3. Mole Hill olivine-spinel basalt showing spinel with calcic plag-
ioclase rim. The rim of the green spinel contains rod-like black inclusions
of magnetite, which project into the feldspar rim, that may have protected
the spinel from further dissolution. Ordinary light x20.

large, pale-green pyroxenes, and especially
green spinel, distinguish it mineralogically
from the diabases. Petrographic evidence sug-
gests that the spinel formed a major eonstitu-
ent of an older basalt, which now persists



D'istance
,in mi,Ies

Cumulatiae
rnileage

Tnrp ro IcNnous RocKs

Enplanation

tionable if any of the basalt can be found in
place. Large phenocrysts of pyroxene are
abundant, and occasional phenocrysts of yel-
low-brown olivine and rarely hercynite may
be observed.

The Mole Hill basalt is a fairly uniform
rock with chemical compositions very similar
to that of the Triassic diabase dikes. The

Figure 3. Mole Hill olivine-spinel basalt showing spinel with calcic plag-
ioclase rim. The rim of the green spinel contains rod-like black inclusions
of magnetite, which project into the feldspar rim, that may have protected
the spinel from fur her dissolution. Ordinary light x20.

large, pale-green pyroxenes, and especially
green spinel, distinguish it mineralogically
from the diabases. Petrographic evidence sug-
gests that the spinel formed a maior constitu-
ent of an older basalt, which now persists
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Distnnce Cumulathse
in m'i,les mileage Enplatw"t'i,on

only when armored with younger pyroxene
which is stable in the newer basalt; remnants
of the old basalt with spinel may be found as
inclusions in large pyroxenes. Elsewhere, iso-
lated spinels in the new basalt show dissolu-
tion and peripheral alteration to black spinel
(magnetite). In othe'r words, a primitive
spinel basalt has been transformed into the
present Mole Hill basalt, in which spinel is
unstable, and only survives under special con-
ditions.

Some chert breccia is found with the basalt
but no contact was observed. Brent (1960)
shows Beekmantown dolomite beds dipping
towards the basalt mass on the north, west,
and south at angles of 10 to 15 degrees.

Basalt carrying spinel of this type appears
to be quite rare; no, other is known to the
writers in this region, or in the eastern
United States.

Mole Hill is magnetically negative. It gives
an aeromagnetic anomaly of -900 gammas
with respect to the ambient magnetic field.

A volcanic breccia occurs two miles north
of Mole Hill, approximately 0.3 mile southeast
of Mt. Clinton (Figure 2) .It consists of poorly
exposed small aggregates of fragmmts of por-
phyritic rock (feldspar phenocrysts) with
limestone still showing vague fossils. The rock
is too much altered to clayey material for
precise study; it is unlike any of the other
igneous rocks of theregion and its relationship
to them, if any, is unknown. It would have
escaped detection except for a 2l-gamma aero-
magnetic anomaly which led to inspection of
the site. Limestone breccias, and especially
chert breccias, are associated with many of
the igneous rocks in this region; only herg
however, is the matrix of the breceia clearly
igneous.



Distance Cum:u,lnthse
i,nmiles mi,leage

TRIP To IGNEOUS ROCKS

Enplanabi'on

Drive east on State Road 733.

11

0.8 8.5 Intersection State Road 733 and U. S. High-
way 33; turn right and go east on U. S. High-
way 33.

0.6 9.1 Turn right on State Road 701; bear right to
follow State Road 701.

2.5 11.6 Bear right, follow College Street, Dayton.

0.3 11.9 Intersection, College Street and State High-
way 42; turn right and go south on State
Highway 42.

3.1 15.0 Bridgewater, Virginia

0.3 15.3 Cross North River. The conical hill to the
right is characteristic of many residual chert
hills after weathering of Beekmantown dolo-
mite, and occurring at many places in the
Shenandoah Valley. The general form resem-
bles Mole Hill, but none except Mole Hill have
been observed to contain igneous rock'

3.3 18.6 Mossy Creek is the site of one of the first
references to igneous rocks in the Shenandoah
Valley (183?). No dikes have been located in
the rock at Mossy Creek, but an analcite-
basalt dike has been mapped about one mile
northwest of this point, and a teschenite dike
occurs about 1.5 miles to the southeast. Both
lie along a linear magnetic anomaly that ex-
tends from Narrowback Mountain to Center-
ville, a distance of more than 8 miles. Rogers

' (1884) notes that as early as 1837 the igneous
character of the rock at Mossy Creek in this
vicinity was noted.

0.5 19.1 Intersection State Highway 42 and State Road
646; turn left on State Road 646.

1.9 21.0 Centerville, Virginia; turn right on State
Road 699.
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Cumulatiae
nuileage Enplarm,tion

0.3 21.9 STOP 9. "Old AreE Furm" locality of Watson
and Cli,ne (1913) (40 minutes). Examine
nepheline syenite exposed in roadcut (Figure
4).

21.8 Walk south on State Road 699 to second
farmhouse. Use lane behind house and gates
to go up to small hill southeast of farm-
house. Examine teschenite dike with basement
inclusions. Busses will turn around and park.
Field trip party will retrace route to State
Road 699 and turn left, walk 100 yards to
examine calc-silicate hornfels and teschenite
dike, then reboard busses.

This nepheline syenite dike has been
mapped for one mile northwest of State Road
699 and for about 1.2 miles southeast of the
road. The width of the dike remains relatively
constant, about 10 to 15 feet. Its strike is
N.55'W. A vague jointing or parting parallel
to the walls of the dike is observed in freshly
broken specimens.

0.5

Figure 5. Nepheline syenite, "Old Arey Fatm," Augusta County, Virginia.
Euhedral nepheline with potassic feldspar. Ordinary light x50.

13

Distance
,inmiles
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Distance Cumulatiue
,i,n miles mileage

Figure 5. Nepheline syenite, "Old
Euhedral nepheline with potassic

Arey Farm," Augusta County, Virginia.
feldspar. Ordinary light x50.

0.3

Enplanattion

21.3 STOP 2. "OId Arey Farm" locality of Watsort'
and Cline (1913) (40 minutes). Examine
nepheline syenite exposed in roadcut (Figure
4).

0.5 21.8 Walk south on State Road 699 to second
farmhouse. Use lane behind house and gates
to go up to small hill southeast of farm-
house. Examine teschenite dike with basement
inclusions. Busses will turn around and park.
Field trip party will retrace route to State
Road 699 and turn left, walk 100 yards to
examine calc-silicate hornfels and teschenite
dike, then reboard busses.

This nepheline syenite dike has been
mapped for one mile northwest of State Road
699 and for about 1.2 miles southeast of the
road. The width of the dike remains relatively
constant, about 10 to 15 feet. Its strike is
N.55"W. A vague jointing or parting parallel
to the walls of the dike is observed in freshly
broken snecimens.
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Distance Cum,ulatiae
inmiles mileage Erplnnation

The nepheline syenite dike has no topo-
graphic expression other than being on the
crest of a low northwest-trending ridge. It
cuts the Martinsburg Formation and there is
little or no alteration of the shale. It has a
white-weathering crust; internally it is quite
fresh. In the fine-grained, gray matrix, por-
phyritic potassic feldspar, and lesser black
biotite and hornblende are seen. Nepheline is
microscopic in sharp fresh crystals (Figure
5). Here, as elsewhere in this region, nephe-
line-syenite occurs in narrow dikes, a few feet
wide at most; never in great masses of many
square-miles outcrop as in New Jersey, Ar-
kansas, or Ontario, where it has a granitoid
rather than porphyritic texture. Teschenite,
the second igneous body observed here is more
poorly exposed; we have mapped it as a small

Figure 6. "Quartz gabbro," "Old Arey Farm," Augusta County, Virginia.
This is a basement xenolith in teschenite. Red garnets with kelephytic
borders are.conspicuous with perthitic feldspar, qaartz, green pyroxene
and rutile. Ordinary light x15.
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Distance Cumulatioe
,in miles mileage Enplanation

The nepheline syenite dike has no topo-
graphic expression other than being on the
crest of a low northwest-trending ridge. It
cuts the Martinsburg Formation and there is
little or no alteration of the shale. It has a
white-weathering crust; internally it is quite
fresh. In the fine-grained, gray matrix, por-
phyritic potassic feldspar, and lesser black
biotite and hornblende are seen. Nepheline is
microscopic in sharp fresh crystals (Figure
5). Here, as elsewhere in this region, nephe-
line-syenite occurs in narrow dikes, a few feet
wide at most; n€ver in great masses of many
square-miles outcrop as in New Jersey, Ar-
kansas, or Ontario, where it has a granitoid
rather than porphyritic texture. Teschenite,
the second igneous body observed here is more
poorly exposed; we have mapped it as a small

Figure 6. "Quartz gabbro," "Old Arey Farm," Augusta County, Virginia.
This is a basement xenolith in teschenite. Red garnets with kelephytic
borders are.conspicuous with perthitic feldspar, qaartz, green pyroxene
and rutile. Ordinary light x15.
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Distance Cumulatioe
inmi,les mileage Enplannti.on

Figure 7. "Qaartz gabbro," "Old Arey Farm," Augusta County, Virginia'
Feldspar xenolith with reaction rim in tesch'enite. Ordinary light x15.

dike, the eastern end of which is wider than
along most of its length. At this eastern end
many large and small, rounded cobbles of
coarsely granitoid rock containing blue quartz,
and rounded boulders of the brown teschenite
are present.

The teschenite contains abundant euhedral,
brown biotite and hornblende, and rarely,
altered olivine, titaniferous pyroxene, and
coarse apatite. The groundmass is poorly
crystallized sodic plagioclase and with decreas-
ing feldspar the rock may be termed picrite.
Analcite is fairly abundant, usually in vugs.
Most large masses of this rock contain inclu-
sions of granitoid rock ("qaartz-gabbro,"
Figures 6, 7), probably "basement" xenoliths
from some miles below; these show varied
composition ranging from highly feldspathic
granitoid rock with blue quartz to quartz-
augite-perthite-garnet aggaegates. Rutile antl

15
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Figure 7. "Qttattz gabbro," "Old Arey Farm," Augusta County, Virginia'
Feldspar xenolith with reaction rim in teschenite. Ordinary light x15-

dike, the eastern end of which is wider than
along most of its length. At this eastern end
many large and small, rounded cobbles of
coarsely granitoid rock containing blue quartz,
and rounded boulders of the brown teschenite
are pfesent.

The teschenite contains abundant euhedral,
brown biotite and hornblende, and rarely'
altered olivine, titaniferous pyroxene' and
coarse apatite. The groundmass is poorly
crystallized sodic plagioclase and with decreas-
ing feldspar the rock may be termed picrite.
Analcite is fairly abundant, usually in vugs.
Most large masses of this rock contain inclu-
sions of granitoid rock ("quartz-gabbro,"
Figures 6, 7), probably "basement" xenoliths
from some miles below: these show varied
composition ranging from highly feldspathic
granitoid rock with blue quartz to quartz-
augite-perthite-garnet aggregates. Rutile and

15
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anatase are locally well-developed, and incipi-
ent fusion along grain boundaries can be seen.

Few large specimens of teschenite in this
region app€ar to be without inclusions of
basement rock, in contrast to the nepheline
natrolite syenite where they are rare. It is
noteworthy that there is little if any hybrid-
ization with teschenite, and xenoliths in gen-
eral represent two types of rock, one highly
feldspathic, the other with much quartz and
garnet as well as feldspar. Mica schist,
kyanite-sillimanite, staurolite schist, amphibo-
lites, gabbroic rocks, and perido,tites have not
been found.

Contact-altered Edinburg shaly limestone,
now calc-silicate hornfels with well-crystallized
wollastonite and andradite garnet may be
found sparingly along the west side of State
Road 699 on the small rise to the south (Fig-
ure 8). This is the only locality known in the

oj

i, ?; -:

Figure 8. Garnet-wollastonite calc-hornfels, ,,OId Arey Farm,,, Augusta
county, virginia. Zoned garnets (andradite) in calc hornfels. The other
major mineral of the hornfels is wollastonite. Oldinary light xg0.
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anatase are locally well-developed, and incipi-
ent fusion along grain boundaries can be seen.

Few large specimens of teschenite in this
region appear to be without inclusions of
basement rock, in contrast to the nepheline-
natrolite syenite where they are rare. It is
noteworthy that there is little if any hybrid-
ization with teschenite, and xenoliths in gen-
eral represent two types of rock, one highly
feldspathic, the other with much quartz and,
garnet as well as feldspar. Mica schist,
kyanite-sillimanite, staurolite schist, amphibo-
lites, gabbroic rocks, and peridotite,s have not
been found.

Contact-altered Edinburg shaly limestone,
now calc-silicate hornfels with well-crystallized
wollastonite and andradite garnet may be
found sparingly along the west side of State
Road 699 on the small rise to the south (Fig-
ure 8). This is the only locality known in the

,,
Figure 8. Garnet-wollastonite calc-hornfels, ,,Old Arey Farm," Augusta
county, virginia. Zoned garnets (andradite) in calc hornfels. The other
major mineral of the hornfels is wollastonite. Oldinary light xg0.
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entire area where calcareous shales have been
transformed into calc-silicate hornfels.

22.5 Go north on State Road 699. Intersection State
Road 646: turn left on State Road 646.

24.5 Intersection State Road 646 and State High-
way 42; turn left on State Highway 42.

28.8 Intersection State Highway 42 and State Road
607; turn left on State Road 607.

29.2 Teschenite dike containing inclusions is ex-
posed on the north side of the road. This
teschenite dike exposed in the roadcut north
of the road shows how rapidly these dikes
deteriorate by weathering. Excellent exposure
was made by road improvements in 1954.

Within three years the exposure was reduced
nearly to the present state. Exposures made
in 1954 contained numerous and varied in-
clusions of feldspathic rock ranging in size
from 2 cm to as much as 20 or 30 cm across.
Many have good gneissic texture; others ap-
pear to be poorly developed mixtures of qaartz
and feldspar; some contain garnet and rutile.

29.6 Private road to Gardner Dairy and Poultry
Farm; turn left.

30.a STOP 9. Gardner Duiry and Poultry Farm
(45 minutes). Examine teschenite boulders
set in ramp to the barn, and go through gate

to the east. Walk about 200 yards east to
exposure of teschenite dike and residual bould-
ers (Figure 9). At this stop a variety of
crystalline basement xenoliths have been car-
ried up to the present surface by the teschenite
intrusion. Basement is estimated to be more
than 15,000 feet deep. Note the sharp bound-
ary between inclusions and enclosing teschen-
ites. Similar inclusions, though far less fre-
quently, also occur in the nepheline-natrolite
syenites (Figure 11-a, b). They have not been

lt,3

0.4

0.4

0.lt
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Figure 9. Part of the Palnassus ?.5-minute topographic quadrangle show-
ing loeation of Stop 3.
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observed in the diabasic dikes peripheral to
the alkalic rocks, thus implying that the dia-
bases were intruded relatively rapidly from
subcrustal depths. This dike coextends with a
magnetic anomaly of about 10 gammas, which
is over 5 miles long. The dike itself can be
traced for 2 miles near the center of the
anomaly length.

Leave Gardner Farm, proceed to State Road
607; turn right.

Intersection State Road 607 and State High-
way 42; turn left.

Parnassus, Virginia; continue on State High-
way 42.

Intersection State Highway 42 and State Road
736; turn right.
Intersection State Roads 736 and 728, turn
right.
Cross the North Mountain fault. Middle Cam-
brian Elbrook dolomite rests on Middle Ordo-
vician dark limestone of the Edinburg Forma-
tion. Little North Mountain to the south, and
Buck Hill to the north, are held up by Silurian
Tuscarora quartzite. Beds beneath the fault
plane are overturned to the northwest.

STOP 4.. LUNCH STOP, Stri'bli'ng Spri'nss
(60 minutes). Here natrolite-syenite, in two
outcrops, is well exposed (Figure 10). Strib-
ling Springs was a spa during the latter part
part of the nineteenth century, built around
the chalybeate spring of the same name. The
old hotel and outbuildings, now a farm, lie
about 0.2 mile north of the interseetion of
State Roads 728 and 730.

Busses unload near road intersection, then
drive 0.3 miles west to a stream crossing.
Unpack catered box lunches.

19
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Figure 10. Part of the Stokesville ?.5-minute topographic quadrangle
showing location of stop 4 and intrusive rocks in the immediate vicinity.
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Field-trip party will examine exposures just
east of intersection of State Roads 728 and
730, then walk west to busses to 'obtain
lunches. During and after lunch trip, party
will examine natrolite syenite exposed on
small hill south of the road and collect
teschenite cobbles from stream (Tunnel Hol-
low).

(Cleanup; busses turn around.)

This field-trip stop is selected because of
accessibility; many other occurrences of al-
kalic rocks including nepheline and natrolite
syenite, teschenite, and ijolite, have been

found on both sides of Little North Mountain,
and on the east side of Buck Hill. The rather
obscure exposures at this stop may be typical
for the large area of folded Devonian shale
in the belt to the northwest, where many
small disconnected masses like this are found
intruded into the shale as dikes, plugs, or sills.
Streams draining the area contain abundant
igneous cobhles, mostly of bluish-green nephe-
line syenite and brown teschenite.

Textural variations typical of alkalic rocks
also generally charactetize these igneous
rocks. Fine-grained varieties are intimately
associated with coarser grained porphyritic
varieties. Contact relations are obscure, but
where contacts are exposed, little if any altera-
tion of the country rock is observed.

Most of the Stribling Springs syenites are
fine grained with major potassic feldspar in
lath-shaped crystals. Nepheline is rare, usually
replaced by natrolite (Figure L1a, b). Natro-
litization of nepheline syenite has been de'
scribed in one other locality, in Bohemia,
where a phonolite contains 20 to 30 percent of
natrolite replacing nepheline, and as a spheru-
litic groundmass (Hibsch, J. 8., 1904). This

2l

Distance
in miles

Cum,ulatinte
mileage
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later named marienbergite by
(1e38).

Figure 11a, b. Stribling Springs, Augusta County, Virginia; natroliter
nepheline syenite. In the hand specmien, light-colored roundish areas,
grading into the groundmass, consist largery of spherulitic natrolite ag-
gregates. Three of these are shown above. They may be replacements of
nepheline. Ordinary light and crossed nicols x1B.

Just northeast of this stop is Buck Hill
where one of the larger, and possibly more
complex, masses of nepheline-syenite por-
phyry in the region occurs on its northeast
flank.

Many small intrusives, including several
varieties of nepheline syenite and teschenite,
appear to be concentrated just west of the
North Mountain fault. Ten separate small
bodies have been mapped in this belt between
Buck Hill and Jennings Gap, a distance of
less than 4 miles. Aeromagnetic data indicate
that at least one of these intrusives extends
southeastward across the North Mountain
fault for a distance of about 1.b miles.
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rock was later named marienbergite
Johannsen (1938).

Just northeast of this stop is Buck Hill
where one of the larger, and possibly more
complex, masses of nepheline-syenite por-
phyry in the region occurs on its northeast
flank.

Many small intrusives, including several
varieties of nepheline syenite and teschenite,
appear to be concentrated just west of the
North Mountain fault. Ten separate small
bodies have been mapped in this belt between
Buck Hill and Jennings Gap, a distance of
less than 4 miles. Aeromagnetic data indicate
that at least one of these intrusives extends
southeastward across the North Mountain
fault for a distance of about 1.5 miles.

by
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The Buck Mountain nepheline syenite has a
distinctive vuggy character; the vugs, as much
as several cm in diameter, are lined with
superb crystals of natrolite, analcite, and
many other minerals. The nepheline syenite
is more or less natrolitized; and under crossed

nicols, thin sections show fields with spheru-
litic structure indicated by an extinction cross.

Inclusions in this rock often contain small
flakes of graphite.

tt0.6 Travel east and southeast on State Road 728.

Intersection State Roads 728 and 736; turn
left on State Road 736.

1.1.6 Intersection State Road 736 and State High-
way 42; turn left.

42.9 Parnassus, Virginia. Intersection State High-
way 42 and State Road 739 at service station;
turn right.

l.+.4. Intersection of State Roads 739 and 741;tutn
left. Quarry is in the upper part of the Cam-
brian Conococheague Formation.

t5.8 Intersection of State Roads 741 and 607; turn
right.

L7.s Intersection State Roads 607 and 613; bear
right and follow State Road 613.

tt8.2 Spring Hill, Virginia

45.5 Stop for bri,ef di.scussion. DO NOT UNLOAD.
Teschenite dike exposed in roadcut to the left'
The dike is enclosed by thin-bedded black
limestone of the Edinburg Formation (Middle
Ordovician).

The rock is teschenite or alkali-basalt. It
weathers in characteristic spheroids and is
spotted with white vugs of analcite and calcite
(Figure 12). Microscopically, it shows much
colorless or pale-pink pyroxene, brown horn-

1.0

1.3

1.5

1.4

2.0

0./t

0.3
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Figure 12. Teschenite, 0.5 mile south of Spring Hill, Augusta Counry,
virginia. shows vuq consisting of analcite (clear) and calcitl (gray). The
teschenite contains rpuch augite from hornblende and biotite, green ser-
pentinic pseudomorplrs after olivine, calcic plagioclase; also ore grains
and apatite. Ordinary light x1B.
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blende and biotite, calcic plagioclase, and al-
tered olivine.

0.2 48.7 Cross Middle River.

0.5 4g.2 Stop in front of Murti,n Wenger farrn' DO
NOT UNLOAD. Here the Pulaski-Staunton
thrust fault may be observed. The trace of the
fault is near the top of the hill to the east,

with a plate of Cambrian Elbrook shale' The

location of two nepheline-syenite dikes on the
Martin Wenger farm will be pointed out'

Intersection State Roads 613 and 742; beat
left to follow State Road 613.

Intersection State Roads 613 and 742; turn
hard left on State Road' 742.

STOP 5. Scott L. Wenger farm (45 minutes)
(Figure 13). Please properly respect the prop-
erty. Make sure gates are closed after using.
Climb fences with care and as seldom as pos-

sible. Busses will turn around.
This stop is selected for two reasons: (1)

dikes are more numerous in this area, to some

extent better exposed, and the complex of
dikes occurs in a very thin plate (300 feet +)
of allochthonous Cambrian Elbrook dolomite
overlying greatly deformed beds of Middle
Ordovician limestone and shale; (2) this
locality is one from which samples were col-
lected for radiornetric age determination. The
reddish-teschenite mass just across the road
from the barn has been dated at' 152 ! 5

million years (Late Jurassic) (Appendix IV).
The more common varieties of nepheline

syenite and teschenite crop out; but in addi-
tion are the occurrences of, a sill of picrite,
high on the hill to the east of the farm, and of
"borengite," art ultra-potassic syenite with
possibly the highest reported content of po-

tassium (more than 14 percent KsO) in any
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Figure 13. Parts of the staunton and parnassus ?.b-minute topographic
quadrangles showing location of stop b and intrusive rocks in itre im-
mediate area.
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alkalic rock. A remarkably similar rock, lith-
ologically and chemically, from Alnii, Sweden

was so named by von Eckermann (1960)'
Both the Swedish and the Virginia rocks are
essentially nepheline syenite that has been

sericitized metamorphically with almost com-
plete substitution of potassium for sodium'

Several localities may be seen here in which
teschenite and nepheline syenite appear to be

"mechanically mixed."

5a.7 Follow State Road 742 southwest. Intersection
State Road 613: bear left and follow State
Road 613.

52.8 Intersection State Roads
left on State Road 612.

54.6 Intersection State Roads
right on State Road 626.

5tr.7 Quick's Mill; intersection State Roads 626 and

612; turn left on State Road 612.

56.2 Verona, Virginia; traffic light; interseetion
State Road 612 and U. S. Highway 11; turn
right on U. S. HighwaY 11.

58.7 Staunton bypass, intersection U. S. Highway
11 Bypass and Alternate U. S. Highway 11;
continue straight on Alternate U. S. Highway
11.

59.0 Turn left on paved connector road.

59.1 Turn left on U. S. Highway 11 Bypass.

5s.5 STOP 6. tlSE EXTREME CAUTION. Thi's
?s a busa intersectinn. Nephel;ine-sueni'te
dike(?) (20 minutes).

The nepheline (natrolite) syenite dike is
best exposed in the east roadcut at this local-
ity, with distinctive iointing pattern and
internal flow structure (Figure 14). Discon-
tinuous exposures of this rock type have been

0.lt

2.1

0.1

7.5

2.5

1.8

613 and 612; turn

612 and 626; turn

0.3

4.1

0.4
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Figure 14. Par:t of the staunton ?.b-minute topographic quadrangre show-
ing location of Stop 6 and distribution of nepheline syenite bodies.
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mapped in a direction nearly perpendicular
to U. S. Highway 1l- for a distance of over
2.5 miles. "In gross form, the intrusive is a

dike, but close examination reveals belts of
limestone and shale extending across the trace
of the expectable dike plane. Faulting has been

noted locally, and the dike is poorly exposed
(or not exposed ?) on the west side of the
highway. It does not crop out in the railroad
cut immediately east of the highway, but
makes a small outcrop about 100 yards south-
east of the highway from where it is visible'
The dike makes sevenal low exposures near
and on the crest of the hill to the northwest'
Faulting may account for some of the discon-
tinuity, but this nepheline syenite may be a

series of "plugs" extending northwest-south-
east.

The greenish-gray nepheline syenite is well-
covered with the usual white-weathering
crust. The limestone in contact shows no evi-
dence of alteration by the intrusion. Occasional
porphyritic potassic feldspar may be seen'

Analcite appears to form much of the matrix,
with scattered nepheline and acmite needles'

Brown biotite and hornblende, with natrolite
and apatite, are rare accessories. This rock
has been dateil about 150 million years.

6a.0 Go north on U. S. Highway 11. Intersection
U. S. Highway 11 and Woodrow Wilson Park-
way (State Highwav 275); turn right on

Parkway.

61.1t Intersection Woodrow Wilson Parkway and

Interstate Highway 81; turn right on Inter-
state Highway 81.

64.5 Interchange, Interstate Highway 81 and U. S.

Highway 250; leave Interstate Highway 81

and turn left on U. S. HighwaY 250.

1.4

3.1
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3.7 68.2

0.6 68.8

0.5 69.3

1.5 70.8

1.9 72.7

1.1 73.8

0.1* 71t.2

Fishersville, Virginia; bear left, follow a town
road (not U. S. Highway 2b0).

Intersection with State Road

Intersection State Roads 608
right on State Road ?96.

Intersection State Roads 7gG
straight on State Road ?gG.

608; turn left.

and 796; bear

and 795; go

Intersection State Road TgG and State High-
way 254; turn right.
Intersection State Highway 254 and, State
Road 782; turn left.

STOP 7. Porterfield. Run Diabase Di,lces (80
minutes) (Figure 15).

This is a typical olivine-diabase dike, in
hand specimen and thin section indistinguish-
able from innumerable Triassic diabase dikes
exposed in the eastern continental piedmont
from Nova Scotia to Florida. This particular
dike has been traced some seven miles by
intermitbent outcrop such as this and scattered
boulders along the trace. It has been described
by numerous authors.

Here may be noted a well-exposed contact
between beds of Cambrian Elbrook dolomite
and the diabase, the dolomite showing no vis-
ible alteration. Only a short distance separates
the northwest end of this diabase dike and
the nearest exposed alkalic dike.

Travel north on State Road ?82. Intersection
State Roads 782 and ?96; turn left on State
Road 796.

Intersection State Road 296 and State High-
way 254; go straight on State Road ?96.

0.7 7tr.9

1.3 76.2

78.1 Intersection State Roads Tg6 and Z9E; go
straight on State Road 296.

1.9
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Figure 15. Parts of the waynesboro west and Fort Defiance ?.5-minute

topographic quadrangles showing loeation of stop ? and diabase dikes in
the immediate area.
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79.6 Intersection State Roads 296 and 609; go
straight on State Road 608.

80.1 Intersection State Road 60g and U. S. High_
way 250; turn right on U. S. Highway 2b0.

8tr.3 Interchange, U. S. Highway 2b0 and Inter-
state Highway 81; go straight on Interstate
Highway 81.

86.5 Intersection of U. S. Highways ZbO and 1l;
turn right; follow U. S. Hiehway 250. Follow
Greenville Avenue and Johnson Street in
Staunton, Virginia.

86.9 Intersection Johnson Street and Lewis Street;
turn right on Lewis Street.

87.0 Follow Lewis Street north B.E blocks to Holi-
day fnn, downtown.

END OF FIRST DAY'S FIELD TRIP

Second Day of Field Conference

Sunday, October 81, 1gZ1

origin: Holiday Inn Motel, Lewis Street, Staunton.

87.3 Leave motel parking lot; turn right; and fol_
low Lewis Street. Intersection Lewis Street
and Churchville Avenue

87.5 Bear right; follow Churchville Avenue.

87.6 Bear left; follow Churchville Avenue (U. S.
Highway 250).

89.2 Staunton City limits; follow U. S. Highway
250, west.

91r.5 Churchville, Virginia. Follow U. S. Highway
250.

98.1 Jennings Gap. Just to the east of the foot of
Little North Mountain is the North Mountain

0.2

0.1

1.6

5.3

3.6
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Fault. Cambrian Elbrook dolomite is in fault
contact with overturned formations from
Lower Ordovician (Beekmantown) to Silu-
rian (Tuscarora) in age. The north side of
Jennings Gap is the south end of Little North
Mountain. Stop 4 of the previous day was
made at the other end of Little North Moun-
tain. A number of dikes, all alkalic, have been
mapped in the area, and all streams traversed
show cobbles of both teschenite and nepheline
syenite.

100.3 White's Store.

10lt.8 West Augusta; intersection U. S. Highway
250 and State Road 629; bear right, follow
U. S. Highway 250.

111.2 Summit. Shenandoah Mountain.

114.5 Headwaters, Virginia; continue on U. S.
Highway 250.

115.0 Summit, Shaws Ridge.

116.3 Tioga Bentonite (Devonian) exposed in road-
cuts along U. S. Highway 250 (see Appendix
IIr).

117.8 Summit, Bullpasture Mountain.

120.3 McDowell, Virginia; intersection U. S. High-
way 250 and State Road 678; turn left.

130.5 Enter Bullpasture Gorge.
134.0 Leave Bullpasture Gorge; W"illiamsville, Vir-

ginia; intersection State Roads 678 and 614;.
continue south on State Road 678.

1,36.0 STOP 8. Ti,oga Bentonite (20 minutes) (Fig-
ure 16). The top of the Tioga Bentonite,
which marks the top of the Onesquethaw
Stage, occurs in the subsurface of.Kentucky,
Ohio, Indiana, and Illinois. More than 70 ex-
posures are known. Volcanic influence is 1

10.2

3.5

2.0
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Figure 16. Part of the IVilliamsville ?.5-ninute topographic quadrangle
showing location of Stop 8.
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inch to ]ess than 1 foot in fowa, Ohio, Ontario,
and New York but thickens to several feet in
Pennsylvania, Maryland, West Virginia, and
Virginia and attains 50 feet in Highland
County, Virginia. The souree volcano probably
was in central Virginia.

Several sand-size tuff beds occur near the
source, but all except the uppermost change
to brownish shale within 80 miles and dis-
appear by dilution at greater distances. Sand-
size material of the uppermost tuff is found
as far as 220 miles from the source. This layer
extends as a bentonitic shale into distant
regions, superimposed on many marine forma-
tions.

Eighty samples were studied. Near-source
sandy beds are vitric-crystal, crystal-vitric,
and crystal tuff. Vitric portions (originally
glass dust) are devitrified to illite, micro-
crystalline quartz, and some montmorillonite.
Crystals are euhedral biotite, euhedral and
broken potassium feldspar (now mostly kao-
linite), some quartz shards, and rare devitri-
fied tuff clasts, plagioelase, and euhedral
apatite and zircon. Authigenic pyrite is com-
mon. fnterbedded strata with ash influence
contain quartz shards, some euhedral biotite,
and microcrystalline quartz. The uppermost
bed far from source, as in New York, consists
of devitrified fine vitric tuff (now mostly illite
and montmorillonite) with a minor crystal
assemblage as above. The mineralogy indicates
a potassium-rich syenitic source magma. (Also
see Appendix I for further discussion.)

Retrace route on State Road 6?8 to MeDowell,
Virginia; intersection State Road 678 and
U. S. Highway 250; turn left; follow U. S.
Highway 250.

Summit, Jack Mountain.
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Distance Cumulatiae
in miles mileage

15.7 151.7

7.8 159.5
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Distance Cumulatinse
inmi.Ies mileage

7.8 161.3 Monterey,
Highway
right.

Euplanation

Virginia; intersection of U. S.

250 and U. S. HighwaY 220; turn

2.2 163.5 STOP 9. (30 minutes) (Figure 17) ; (busses

will go one mile north to turn around). Field
trip party will examine andesite sill, or con-
cordant dike in Needmore shale (Devonian).
Examine harmotome-bearing andesite in road-
cut on U. S. Highway 220.

Monterey Valley is underlain by a tightly
folded, nearly isoclinal, syncline in which the
youngest sedimentary rock exposed is the
Needmore shale (Devonian). Along the south-
east flank of this syncline at approximately
the horizon of the Tioga Bentonite, are dis-
continuous outcrops of andesite. The occur-
rence of the andesite strongly suggests a lava
flow, or perhaps a concordant sill, which has
been deformed with the sedimentary strata.
However, the andesite has been dated by Ful-
lagar and Bottino (1969) as Eocene aee (47
million years). The fresh andesite is a fine-
grained, medium-gray rock, having a slight
brownish or purplish tint, and containing
phenocrysts of biotite and hornblende uPrto
5 mm across.

The isolated exposure in the roadcut on
U. S. Highway 250 consists of light-gray to
buff, vuggy, dense, porphyritic andesite (fels-
ite) with abundant inclusion of local ( ?) sedi-
mentary rock, up to 3 inches in diameter.

In thin section this rock shows phenocrysts
of sanidinic feldspar and brown hornblende,
both largely replaoed by harmotome' a barium
zeolite. Euhedral ilrnenite occurs in the fine-
grained matrix. Vugs are lined with well-
crystallized barite. The crushed rock yields

abundant superb, microscopic, platy crystals
of cc -cristobalite. The age of this andesite de-
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Enplanation

termined by Fullagar and Bottino (1969) is
also 47 million years. (See Appendix II for
further discussion.)

Proceed south on U. S. Highway 220 to inter-
section with U. S. Highway 250. Continue
through intersection on U. S. Highway 220.

STOP 10. LUNCH STOP, entrance of Frank
G. Byrd Farm (60 minutes). Busses will pull
into farm lot and turn around. Unload and
distribute lunches; proceed on foot to top of
Trimble Knob, an olivine-basalt, breccia plug
(Figure 18).

(for turn around,)
This basaltic cone, rising about 250 feet

above the surrounding countryside, is typical
in composition of many of the local basalts.

39

Distance Cumulatiae
i,n nuiles mileage

2.2 16 5.7

0.6 166.3

0.6 166.9

Figure 19. Basalt; Trimble Knob, Highland County, Virginia. Shows a
large brownish monoclinic pyroxene, lower left, and numerous smaller ones
in the groundmass with olivine (colorless in section) and plagioclase laths.
Ordinary light x13.



Tnrp ro Icxnous Rocrs

Distance Cumulatiae
in miles mileage Euplanation

0.6

termined by Fullagar and Bottino (1969) is
also 47 million years. (See Appendix II for
further discussion.)

165.7 Proceed south on U. S. Highway 220 to inter-
section with U. S. Highway 250. Continue
through intersection on U. S. Highway 220.

166.3 STOP 10. LULICH STOP, entrance of Frank
G. Byrd Farm (60 minutes). Busses will pull
into farm lot and turn around. Unload and
distribute lunches; proceed on foot to top of
Trimble Knob, an olivine-basalt, breccia plug
(Figure 18).

166.9 (f or turtt around)
This basaltic cone, rising about 250 feet

above the surrounding countryside, is typical
in composition of many of the local basalts.

Figure 19. Basalt; Trimble Knob, Highland County, Virginia. Shows a
Iarge brownish monoclinic pyroxene, lower left, and num,erous smaller ones
in the groundmass with olivine (colorless in section) and plagiocrase laths.
Ordinary light x13.

39

2.2

0.6
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Figure 20. Parts of the Monterey and Hightown ?.5-minute topographic
quadrangles showing location of Stops 11 and 72 and, intrusive rocks in the
immediate area.
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Di,stance Cumulutiae
inmiles mileage Enplanation

0.6 167.5

It shows in thin section abundant fresh
olivine, pinkish pyroxene in a matrix of calcic
feldspar laths, small augite crystals, and black
ore grains (Figure 19).

Drive to U. S. Highway 220; turn left and go
to intersection with U. S. Highway 250; turn
left.

Summit, Monterey Mountain.

Intersection U. S. Highway 250 and State
Road 637 (Dug Bank Road); turn right.

STOP 11. Road cut i,n aes,icular or amggd,u-
loid,al basalt (25 to 30 minutes) (Fig:ure 20).

This locality is the west end of a 0.4-mile-
long compound dike as shown by several pre-
vious workers (Darton, 1899; Dennis, 1934;
Parrott, 1948). All show the west hatf of the
dike to be basalt: the east half to be andesite
or felsite. A feature of this basalt is the large
size (up to an inch or more) of its zoned
amygdules.

The basalt in thin section shows abundant
small and fairly fresh pale reddish or colorless
monoclinic pyroxene, usually with "hour glass"
structure, and brown heavily altered oliv-
ine ( ?) ; both in a dark semi-opaque matrix.
Sorne amydules consist of calcite and analcite;
others, larger, are complex aggregates of a
number of minerals, some of a clayey nature
(Figure 21) .

176.7 Continue north on State Road 637 to inter-
section with un-numbered State Road: turn
left.

0.5 177.2 Intersection with State Road 640: turn left.
179.1 STOP 12. State Highwuy Department quarrE

in Beekmantown d,olomite showing e,nposed
andesite di.kes of tuto ages (45 minutes) (Fig-
ures 20, 22\.

4l

2.9 170.tt

7.9 172.3

0.4 172.7

4.0

1.9
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Figure 21. Photomicrograph from roadcut along State Road 637 showing
basalt on the left, an amygdule on the right. The light-colored spots in the
basalt are mostly fresh pyroxene with less altered olivine. The amygdule
has a complex structure and mineralogy. including calcite, analcite, and
clayey minerals. Ordinary light x18.

This quarry has been operated intermit-
tently by the Virginia Department of High-
ways since the late 1950's and is developed in
steeply dipping beds of Beekmantown (Lorn'er
Ordovician) dolomite. As the quarry has been
extended, exposures of several bodies of an-
desite (or felsophyre, as described in earlier
reports) have been made.

Notable features here are (1) the irregular,
nearly conformable attitude of the andesite
bodies r,vith respect to enclosing dolomite beds;
(2) the contact phase between andesite and
dolomite that appears to be a breccia resulting
from gas-fluidization and corrasion of country-
rock fragments; and (3) evidence that the
Eocene andesite dated by Fullagar and Bot-
tino (1969) is in turn cut by an even younger,
fine-grained, dark-gray, andesitic dike or
dikes. There is little visible alteration of the
dolomite beds.
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Figure 21. Photomicrograph from roadcut along State Road 637 showing
basalt on the left, an amygdule on the right. The light-colored spots in the
basalt are mostly fresh pyroxene with less altered olivine. The amygdule
has a complex structure and mineralogl'. including calcite, analcite, and
clayey minerals. Ordinary light xl8.

This quarry has been operated intermit-
tently by the Virginia Department of High-
ways since the late 1950's and is developed in
steeply dipping beds of Beekmantown (Lower
Ordovician) dolomite. As the quarry has been
extended, exposures of several bodies of an-
desite (or felsophyre, as described in earlier
reports) have been made.

Notable features here are ( 1) the irlegular,
nearly conformable attitude of the andesite
bodies u'ith respect to enclosing dolomite beds;
(2) the contact phase between andesite and
dolomite that appears to be a breccia resulting
from gas-fluidization and corrasion of country-
rock fragments; and (3) evidence that the
Eocene andesite dated by Fullagar and Bot-
tino (1969) is in turn cut by an even younger,
fine-grained, dark-gray, andesitic dike ol"

dikes. There is little visible alteration of the
dolomite beds.
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Figure 22. Andesite, County Road Quarry, Blue Grass Valley, I{ighland
County, Virginia. Co'nsists almost wholly of plagioc,lase laths, augite, and
ore grains. This rock is called andesite because of preponderance of feld-
spar; wi'th less feldspar, it might be termed basalt.

2.2 181.3 Proceed south on State Road 640 to inter-
section with U. S. Highway 250; turn left and
follow U. S. Highway 250 to Staunton.

8/n.S 265.8 Staunton, Virginia; intersection Churchville
Avenue and Donaghe Street; turn left at traf-
fic light on Donaghe Street.

0.4 266.2 Go four blocks on Donaghe Street to inter-
section with Lambert Street; turn right.

0.5 266.7 Intersection Lambert Street and North Au-
gusta Street (Alternate U. S. Highway 11);
turn left.

2.3 269.0 Follow Alternate U. S. Highway 11 through
Staunton bypass intersection to Woodrow
Wilson Parkway; turn right.

1.5 2f0.5 Intersection Woodrow Wilson parkway and
Interstate Highway 81; turn left onto Inter-
state Highway 81, north.

43
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Figure 22. Blue Grass Valley, Highland
County, Vi plagioclase laths, augitl, and
ore grains. use of preponderance of feld-
spar; with basalt.

2.2 181.3 Proceed south on State Road 640 to inter_
section with U. S. Highway 2b0; turn left and
follow U. S. Highway 2b0 to Staunton.

43

64.c

0.4

0.5

oo

265.8 Staunton, Virginia; intersection Churchville
Avenue and Donaghe Street; turn left at traf-
fic light on Donaghe Street.

266.2 Go four blocks on Donaghe Street to inter_
section with Lambert Street; turn right.

266.7 Intersection Lambert Street and North Au_
gusta Street (Alternate U. S. Highway 11) ;
turn left.

269.0 Follow Alternate U. S. Hiehway 11 through
Staunton bypass intersection to Woodrow
Wilson Parkway; turn right.

270.5 Intersection Woodrow Wilson parkway and
Interstate Highway 81; turn left onto Inter_
state Highway 81, north.
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Di,stance Cumulatinse
inmiles miLeage Erplanati.on

17.6 288.1 Pleasant Valley Road interchange on Inter-
state Highway 81; this is the road back to
Belle Meade Motel. (This trip will continue
north on Interstate Highway 81 to New
Market and proceed back to the headquarters
hotel in Washington, D. C.)

END OF SECOND DAY'S FIELD TRIP
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APPENDIX I
STOP 8; TIOGA BENTONITE, 2.0 MILES SOUTHWEST

OF WILLIAMSVILLE. VIRGINIA
By

John M. Dennisonl and Daniel A. Textorisl
This excellent outcrop is the freshest exposure of Middle

Devonian Tioga Bentonite in the field trip region. The Tioga
middle coarse micazone is conspicuous in a roadside shale quarry
(Figure 23). This 3.2 feet of coarsest tuff contains three distinct
layers of sand-size ash, separated by silty tuff and tuffaceous
shale. These three layers of sandy tuff can be recognized in out-
crops 200 miles to the southwest and northeast. This middle
'coarse mica zone marks the boundary between the Onesquethaw
Stage below and the Cazenovia Stage above (Dennison, I-969).
Throughout Virginia the Tioga middle coarse mica zone occurs
exactly at the base of the black shale of the Millboro (south-
western and western Virginia) or Marce'llus (northern Vir-
ginia) formations, and rests directly on the light-olive gray
weathering Needmore Formation (at the top of the calcitic shale
and limestone member where that member of the Needmore is
present), on the Huntersville Formation (just above Bobs Ridge
Sandstone Member where that member is present), or at the top
of the Onondaga Formation (Dennison, 1961).

'#;:;ffi"," Lossins

Hiqh*l
d€finii.

CerneterY u/bolhered Hock

StepsJ ploty shole * I Rood

o loo 2@ 39O

Faot

Figure 23. Cross section of exposures 2.0 miles southwest of Williams-
ville, Bath County, Virginia.

I Department of Geology, University of North Carolina, Chapel Hill, North
Carclina 27514.
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Some brownish-gray, tuffaceous, platy to sheety shale occurs
in the 73 feet of calcitic shale and limestone of the Needmore
Formation beneath the middle, coarse mica zone of the Tioga.
Limestone is absent in the 23 feet just beneath the Tioga middle
coarse mica zone, and the shale here weathers into very thin
sheets which are abundantly fossiliferous with StUli,ol;ina and,
Tentaculites. This zone of sheety, fossiliferous shale can be
recognized in most Tioga outcrops. A yellowish clay streak 10
feet below the middle coarse mica zone may represent a deeply
weathered micaceous, silty or sandy tuff. Just above the prom-
inent concretion zone is a 0.20-foot thick mica siltstone, overlain
at 10 and 14 feet higher by 0.02- and 0.01-foot thick beds of
sand-size tuff.

Above the Tioga middle coarse mica zone the Millboro Shale
is exceptionally stiff and platy. The presence there of a slight
brownish coloration to the blackish shales suggests that these
are caused by tuffaceous admixtures. Definite tuffaceous influ-
ence can be detected, although not continuously, in beds as much
as 84 feet above the top of the Tioga middle coarse mica zone.
The top of definite tuffaceous strata occurs stratigraphically
about 10 feet below the position of the dirtJogging road. Strati-
graphically above the position of the logging road, slightly
brownish colorations persist in deeply weathered shale to about
282 stratigraphic feet above the Tioga middle coarse mica zone;
this may result from very slight tuffaceous admixtures, or pos-
sibly from deep weathering or originally slightly calcitic shale.

The total thickness of definitely tuffaceous beds here is 84
feet; another hundred feet of section is quite questionable, very
slightly tuffaceous shale.

Dennison believes the Purcell Limestone Member, named
from the subsurface of Bedford County, Pennsylvania, by Cate
(1963), can be traced on outcrop from central Pennsylvania to
southwest Virginia. This member consists of irregularly bedded
limestone interlayered with roughly equal amounts of calcitic
shale. The Purcell occurs at a fairly constant and predictable
distance above the Tioga middle coarse mica zone. This interval
increases eastward in central Virginia toward the pre,sumed
Tioga volcanic source, presumably because of increased admix-
tures of tuffaceous strata in the lowest Millboro-Marcellus black
shale.

Detailed petrographic studies were made of five samples
from the middle coarse zone. Two are vitric-crystal tuff and three



Tnrp ro Icxnous Rocrs

are crystal-vitric tuff; all five display graded bedding. Megascop-
ically the zone would be classified a yellow-brown, biotite-rieh
claystone to shale. The matrix ranges from 45 to 65 percent of
the roek, and consists primarily of illite which was originally
vitric ash, and some fine biotite and diagenized feldspar. The
major crystal type is bleached euhedral biotite, which is usually
parallel to the bedding planes and stained by limonite which
makes it stand out in thin-section. The biotite ranges from 25 to
43 percent of the tuff, and 1.0 mm is a common maximum diam-
eter. The qaartz occurs as angular fragments or slivers, often
with concave surfaces. It varies from 2 to 6 percent of the tuff,
and 0.4 mm is a common long-axis measurement. Feldspar, per-
haps an albite, is surprisingly rare at this locality ranging from
2 to 5 peroent of the tuff. It is likely that some of the diagenized
feldspar was not separated from the matrix due to similar min-
eralogy and destruction of crystal boundaries, although there are
exceptions. The rectangular feldspars are commonly 0.3 mm in
long diameter. White streaks associated with weathering of tuf-
faceous layers contain the mineral basaluminite. Other minor
ingredients are zircon crystals and pumice fragments that are
now illite. Besides the common diagenetic changes set forth
above, portions of sorne biotite crystals have been replaced by
quartz spar.

In his report on the Williamsville quadrangle, Bick (1962,
p. 28-30) called the strata the Onondaga Formation that lies
between the Ridgeley (Oriskany) Sandstone and Millboro Shale.
His Onondaga Formation is the Needmore Formation which Den-
nison (1961) traced continuously from its type locality in south-
ern Pennsylvania to the Williamsville region and farther south-
westward. In a section at the bridge just east of Williamsville,
Bick described the Onondaga Formation as 107 feet thick with
40 feet of shale at the base overlain by cherty sandstone, cherty
limestone, and then cross-bedded sandstone. Based on revised
Devonian shale stratigraphy, it is now clear that this section is
faulted, with the Oriskany Formation repeated, ,and with the
characteristic phosphate nodules that mark the top of the Oris-
kany occurring on the top surface of the sandstone which Bick
identified as Onondaga. At the field trip stop only trvo miles
southwest of Williamsville, it is evident that there is no sand-
stone just beneath the Millboro Shale. As stratigraphic studies
of the Millboro and Needmore shales are,done in eonnection with
the Tioga study, the resulting stratigraphie refinement permits
recognition of previously unrecognized faults.

49
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APPENDIX II
STOP 9; FELSIC ROCKS, ALONG U. S. HIGHWAY 220'

2.0 MILES NORTHEAST OF MONTEREY, VIRGINIA

By

John M. Dennisonl

Felsie roeks, consisting of andesite, occur on both limbs of
the Monterey syncline, at the position of tuffaceous strata associ-
ated with the Devonian Tioga Bentonite. Figure 24 shows the
setting of Stop 9. Dennison initially examined these felsic rocks,
following a suggestion by Johnson, beeause the Highland County
felsites are the only light-colored igneous rocks in the Valley
and Ridge province in the area where isopachous thickness of
the Tioga Bentonite tuffaceous strata is the greatest in eastern
United States (Figure 26). Field relations of the felsites in Mon-
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Figure 24. Cross section of exposures along U. S. Highway 220, 2.0 miles
northeast of Monterey, Virginia.

terey syncline showed them everywhere to be eoncordant, with
multiple felsite layers associated with the Tioga Bentonite. At
the cemetery 0.6 mile southwest of Stop 9, abundan? sand-size
Tioga mica occurs in the strata adjacent to the felsite. The felsite
in the pasture at this stop is interlayered with marine fossilifer-
ous beds, and there is little evidence,of baked contacts. Elsewhere

-t 

D"pu"t*"nt of Geology, University of Nonth Carolina, Chapel Hill,
North Carolina 275L4.
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in the Monterey syncline several baked lower contacts occur.
At only one site is there even a suggestion of a baked upper
contact, and it is very faint. The felsite at this stop is vesicular
and shows definite flow structure.

In a wooded gully, 1.3 miles northeast of the highway inter-
section in Monterey arld 0.8 mile southwest of Stop 9; there
occurs a breccia and felsite zone 40 feet thick containing clasts
of abundant Needmore shale and recognizable Oriskany sand-
stone and Helderberg? limestone in a matrix of andesite. Sedi-
mentary fragments are most cornmon in the lower part, and the
base is definitely baked. No contact metamorphism can be
identified at the top of this 40 feet of felsite breccia. The igneous
zone is parallel to bedding. Sand-size Tioga mica tuff occurs 125
stratigraphic feet above the felsite; at 70 feet higher in the
section there is a Triassic? gabbro sill 6 feet thick. Above the
gabbro is more lighLolive gray Needmore shale and brownish-
weathering Tioga tuffaoeous admixtures in the basal Millboro
Shale. Clearly this felsite breccia is associated with the Tioga
Bentonite stratigraphic horizon. (This breccia site is not in-
cluded on the map prepared by Kettren, 1970).

The concordant felsites are present on both limbs of the
syncline and always near the Needmore-Millboro contact where
the Tioga Bentonite occurs. Field checks by Dennison,, Textoris,
Bottino, and Fullagar have recognized three localities on the
northwest limb of the Monterey syncline and 11 localities on the
southeast limb of the fold (Figure 1 of Fullagar and Bottino,
1969). They are thickest north of Route 250, but continue for a
mile south of Monterey in the southeast limb. These felsite
bodies are interpreted as sills rather than dikes in Figure 25,

NW

o 4@ 800

Figure 25. Genetalized cross
County, Virginia.

section of Monterey syncline, Highland

which is the schematic cross section of Monterey Valley shown
by Fullagar and Bottino (1969). All other felsite outcrops map-
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ped by Kettren (1970) and other earlier workers clearly intrude
strata older than Needmore Formation and these can be dikes
which made their way upward toward the tectonically weak
zone of the Tioga Bentonite.

Field relations alone are quite consistent with an interpreta-
tion of the felsites as intrusions east of Monterey which surfaced
as submarine flows 3 or 4 miles northeast of Monterey, in an
area where the Needmore strata are now eroded away, and
spread out westward and southwestward across the sea floor in
multiple flows which died out westward in the vicinity of Monte-
rey. The interlayering of the felsites with Tioga Bentonite tuf-
faceous beds, suggested that the Monterey syncline concordant
felsites are flows associated with the Tioga volcanoes, and it was
erroneously reported (Oliver, W. A., and others 1967, p. 1019)
that the Tioga volcanic site had been specifically identified near
Monterey. Regional isopachs show a thiekening of the Tioga tuff
near Monterey (Figure 26), and the thicker Tioga tuffs had not
as yet been noted to the east of Williamsville, Hollins Reservoir,
and Seven Fountains. Felsite intrusions in older strata east of
Monterey and in the limestone quarry at Stop 12 in western
Highland County were considered dikes leading upward from
the deep-seated Tioga pluton which broke through the crust as
volcanoes 3 or 4 miles northeast of Monterey.

Fullagar and Bottino initially became interested in radio-
metric dating of the felsites as an attempt to get a precise date
for the Tioga Bentonite, which by definition (Dennison, 1961, p.
10) marks the top of the Devonian Onesquethaw Stage. It was
quite a surprise when the felsites were dated by the potassium-
argon method as 47 million years old, which is consistent with
other results by rubidum-strontium dating. The field relations
are also consistent rvith a series of Eocene sills injected into the
tectonically weak zone of the Devonian Tioga Bentonite horizon,
at a depth of no more than 2000-3000 feet beneath the Schooley
erosion surface so that gas pressure in the magma was released
to form vesicles. The only fact that argues against the Eocene
intrusion theory is a general absence of baked upper contacts
of the sills. Perhaps this is related to gravity rise of gases ex-
panding upward and cooling in magmas of the sills.

There is no evidence in the Monter ey area whether the pre-
sumed Eocene felsite magmas ever reached the surface to erupt
as volcanoes. Towe and Gibson (1968) have reported a volcanic
mineralogic suite in early Eocene sediments off the Atlantic
coapt from Long Island southward to the Gulf of Mexico.
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Figure 26. Thickness of tuffaceous beds in Devonian Tioga Bentonite (on
palinspastic base) and location (on present-day base) of Fluvanna County
with acidic igneous intrusions.

At present an Eocene age of the felsites seems more prob-
able than a Devonian age, relying on r,adiometric methods. Field
relations are not clearly inconsistent with either age assignment,
or with any age from Middle Devonian to more recent. The
geologic setting provides an ideal example of the value of multi-
ple-working hypotheses.

One further independent check on the age of the felsite
can be suggested. This would use orientation of paleomagnetism
in the felsite. If the felsite is an Eocene intrusion, then samples
from both limbs of the Monterey syncline should consistently
have an Eocene pole orientation. If the felsite is a Devonian sub-
marine flow, the magnetic pole orientation should be different on
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the northwest and southeast limbs of the syncline, and if the
late Paleozoic deformation of the syncline is unfolded, the mag-
netic orientation of samples from both limbs should agree with
the Devonian pole position. Magnetic study of the felsites should
resolve the uncertainty about their age.
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APPENDIX III
SECOND DAY ROAD LOG. MILEAGE 116.3

By John M. Dennison 1

Very deeply weathered, brownish Tioga tuffaceous shale ean
be seen between, the light-olive gray weathering calcitic shale
and limestone facies of the Needmore Formation and the slicken-
sided and intensely folded, black Millboro Shale. Some 40 feet of
tuffaceous beds can be identified in the G2 feet between the low-
est and highest tuffaceous influence. Stul;i,ol;ina, Tentaculites,
Ambocoel;ia, and Leiorhynchus are common fossils in the Tioga
Bentonite strata. The coarse mica zone cannot be recognized
because of severe weathering. The intense shearing of the Mill-
boro Shale just above the Tioga is ve,ry common in sections ex-
posed on the southeastern limb of anticlines; structural adjust-
ments are localized at the top of the Tioga strata. The Purcell
Limestone Member (Cate, 1963) of the Millboro Shale is 99
feet thick here, and the lowest limestone is 171 feet above the
highest recognized Tioga tuffaceous influence. This is the best
exposure in Virginia to examine the five limestone marker zones
which can be used to divide the Romney Group shales into
traceable units. The Oriskany through lower Millboro interval
is described in a section measured by Dennison (1g60, p. 129-
131).
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APPENDIX IV
RADIOMETRIC AGES OF IGNEOUS ROCKS IN THE

VALLEY AND RIDGE PROVINCE OF VIRGINIA

By

Paul D. Fullagar 1 and Michael L. Bottino 2

Introduction

There are numerous igneous intrusions in the Valley and
Ridge province of Virginia. Many of these intrusives are shown
on the Geologic Map of Virginia (1963). These rocks have been
studied petrographically and chemically by a number of investi-
gators, including Darton (1898), Johnson and Milton (1955),
I(ettren (1970), and Weigand and Ragland (19?0). These in-
trusions are variable in composition and include peridotites,
basalts, andesites, trachytes, and syenites. The ages of these in-
trusions often has been assumed to be Triassic, or at least Meso-
zoic. Recent data, however, indicate a wide range in ages. The
purpose of this paper is to summafize the available radiometric-
age data and make suggestions for additional studies.

Radiometric Age Determinations
Rubidium-strontium and potassium-argon radiometric age

determinations for intrusive rocks in the Valley and Ridge prov-
ince of Virginia are given in Table 2. The principles and methods
involved in Rb-Sr and K-Ar dating are review,ed by Faul (1966).
The results in Table 2 reflect two periods of magma emplace-
ment and crystallization, one approximately 150 millon years
ago, another about 50 million years. According to recent time-
scale estimates, these ages correspond to Jurassie and Eocene
time, respectively (Harland and others, 1964). The Rb-Sr biotite
age of Lzl -+ 13 million years was considered anomalous by
Zartman and others (1967). This conclusion seems reasonable
since the same biotite sample has a K-Ar age of 145 million
years and hornblende from the same dike has a K-Ar age of 153
million years.

' Department of GeologXr, University of North Carolina, Chapel Hill, North
Carclina 27514.

2 Department of Geolory, Marshall Universitp lluntington, IVe.st Virginia
2570L.
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Both the Rb-Sr and K-Ar data indicate that the porphyritie
felsite dikes in Highland County are eonsiderably younger than
the dikes analyzed from Augusta County; the K-Ar biotite age
of 47 million years is considered the more reliable age for the
Highland County intrusions (Fullagar and Bottino, 1969a). The
felsite whole-rock samples and biotite separates contain a very
small percentage of radiogenic Sr87; consequently, a small error
in the measturement of the 518?/S186 ratio would result in a large
error in the age. The 47 million years K-Ar biotite age in Table
2 aetually is the average for two biotite separates which have
essentially identical ages.

Additional radiometric ages are listed in Table 3. For reasons
discussed below, these ages either have no geologic significance
or are difficult to interpret. The Middle Devonian Tioga Bento-
nite samples exhibit significant alteration of the original min-
erals; these samples were analyzed to determine the effect of
this alteration on Rb-Sr ages (Fullagar and Bottino, 1969b).
The Rb-Sr whole-rock age of 302 million years gives only a
minimum age for this unit. Based on stratigraphic position and
interpolation of time-scale estimates, the Tioga Bentonite ac-
tually was deposited approximately 380 :t 10 million years ago
(Harland and others, 1964).

The Pb-alpha age method is reviewed by Hamilton (1965, p.
160-163). Published Pb-alpha ages are unreliable because of
errors in the lead analyses, the possible presence of non-radio-
genic lead, and the possible leaching or addition of U, Th, and
Pb. Many of the optical spectroscopy Pb analyses made before
1960 are in error (Rose and Stern, 1960). The felsite dike from
Highland County which has yielded a 316 million year Pb.alpha
age apparently is one of the same dikes sampled in the Rb-Sr
study (Fullagar and Bottino, 1969a, samples 330, 331). Both
the Rb-Sr and K-Ar data indicate that the felsite dikes in High-
land County are Tertiary in age. These results strongly indicate
that the 316 million year Pb-alpha age has no geologic signifi-
cance. The analyzed zircon contained only 3 ppm Pb; perhaps
errors in the Pb analyses resulted in this anomalous age. The
other Pb-alpha ages in Table 3 also are anomalous. The Ordovi-
cian-Silurian boundary is approximately 430-440 million years
old (Harland and others, 1964); however, two Pb-alpha ages
for the Ordovician Martinsburg Shale are 400 and 410 million
years.
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Summary

Until recently, Triassic time generally was eonsidered to be
the most recent period of igneous activity in eastern North
America. Data summafized. in Table 2 indicates that igneous
activity in the area continued well into Tertiary time. Within a
rather restricted part of Virginia, namely Augusta and High-
land counties, igneous intrusions were emplaced and crystallized
approximately 150 and 50 million years ago. Because of the
large number of intrusions and the variety of lithologies, it
seems reasonable to suggest that more analyses would result in
the recognition of additional periods of igneous activity in this
area. For example, in Highland County at a quarry about 2.3
miles northeast of Hightown, a basaltic dike cuts one of the
felsite dikes of Eocene age; this basaltic dike might be signifi-
cantly younger than the felsite.

Strontium isotopic compositions measured for Rb-Sr-age
studies also can provide clues as to the origin of the magma
(Faure and Hurley, 1963). The felsite dikes in Highland County
had an initial $1azl$1s0 ratio of 0.7037-f 0.0006 (Fullagar and
Bottino, 1969a) and a nepheline syenite dike in Augusta County
had an initial $1"a2/$1s0 ratio of 0.7031 (Zaftman and others,
1967). These relatively low 5187/5186 initial ratios are indicative
of magma derived from the mantle. Magrnas produced by ana-
texis of sia"lic crust would be expected to have signifieantly higher
initial ratios. Additional Sr isotopic measurements need to be
made to help determine the genesis of other lithologic units in
this region.
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APPENDIX V

DEVONIAN TIOGA TUFF

By

John M. Dennison 1 and Daniel A. Textoris 1

Introduction

The Middle Devonian Tioga Bentonite, by definition, marks
the top of the Onesquethaw Stage in the Devonian standard
seetion of New York (Dennison, 1961; Rickard, lg64; Oliver and
others, L967r. The bed was first noted in the literature by Hall
(1843) from Seneca County, New York; the name Tioga Ben-
tonite was proposed by Ebright, Fettke, and Inghram (1949)
from a gas field in Tioga County, Pennsylvania. Appalachian
outcrop studies by Dennison began in 19b8; Textoris joined the
investigation in 1963 with emphasis on petrology (Dennison,
1961, 1969; Dennison and Textoris, 1g6?, 1969, 1gZ0; Textoris
and Dennison, 1970). Portions of this investigation were sup-
ported by research grants from the University of Illinois, Uni-
versity of North Carolina, and the West Virginia Geological and
Economic Survey.

Stratigraphy
More than 280 Tioga localities in the northeastern United

States are known to the writers, including 127 outerops, with
the remainder being specific well sites from which reliable
sample studies have been made. In Virginia the coarsest part of
the Tioga Bentonite lies at the basal contact of the brack shale
of the Millboro (or Marcellus) Formation and rests direcfly
on the top of the Npedmore Formation, Huntersville Formation,
or Onondaga Formation, depending on which formation occurs
at a particular locality (Dennison, 1961).

In the Valley and Ridge province, outcrops of the Tioga are
characterized by a brownish color as compared to dark gray of
the enclosing shaly strata. The ash was carried by wind currents
and then settled to the sea floor at depths below the zone of
wave agitation. Bleached biotite is conspicuous upon hand-lens
examination, and pfite is abundant in fresh outcrop and well

' Department of Geology, University of North Carolina, Chapel Hill, North
Carolina 27514.
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samples. Certain tuffaceous layers contain profuse Styli'olitut,
T entaculites, Lei,orhynchus, and. Amb ocoelia.

The Tioga Bentonite is a single layer about 6 inches thick
in New York outcrops. Toward west-central Virginia tuff layers
are more abundant, thicker, and coarser grained. A distinctive
coarse miea zone, 2 fer;t thick at Williamsville, Virginia' occurs
near the middle of all fresh complete exposures. It is a time-
marker horizon for interpreting stratigraphic details within the
Tioga. In exceptionally good exposures three distinct ash beds
can be recognized in this coarse mica zone. This zone is the most
extensive layer within the Tioga, forming the single tuff layer
in New York and Southern Ontario and probably the one in the
Illinois Basin and Iowa (Collinson and others, 1967),.and in the
Michigan Basin (Sloss, 196?, p. 777 ; E. J. Baltrusaitis, personal
communication). It probably covered all of the nortlreastern
United States during the Middle Devonian. Near Virginia, other
silty to sandy biotitic tuff layers are associated with overlying
and underlying marine brownish shales exhibiting Tioga tuf-
faceous influence. These zones of Tioga tuff may be separated by
three feet or more of strata lacking any detectable ash content.
Cumulative thickness of Tioga tuffaceous beds in the field trip
region is summarized in Figure 26. The thicknest, almost com-
pletely exposed, section is at Seven Fountains, Virginia, where
Ti,oga tuffaceous beds total 203 feet in thickness. The Devonian
volcano appears to have been in the latitude of central Virginia'
In Figure 26 only those Tioga localities are indicated where the
entire thickness of the tuffaceous layers can be measured; about
three times as many incomplete exposures are known. The
thickness data in Figure 26 are plotted on a palinspastic base
showing the present outcrop traces of the Tioga Bentonite at
their positions during deposition and before defonmation by the
Allegheny orogeny (Dennison, 1961; Dennison and Woodward,
1963).

Petrology

Three hundred samples of the Tioga Bentonite and associ-
ated roeks have been studied in detail. These range frorn coarse
crystal tuff to tuffaceous shale, and other biotite-bearing rocks.

The coarsest and most widely distributed beds of the middle
coarse zone range from coarse crystal-vitric and crystal tuffs
near the interpreted source to vitric tuff and biotite-bearing
rock farthest away. Vitric portions, as great as 90 percent, were
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probably originally g:lass dust and have devitrified mainly to
illite.

Crystals in the coarse middle zone include euhedral biotite,
up to 70 percent, which occurs layered parallel to bedding and
sparsely scattered throughout the sample or densely packed.
Biotite shows a general decrease in maximum diameter in all
directions away from central Virginia. Other crystals are eu-
hedraland broken plagioclase which constitute up to Bb percent
of sorne samples, and slivers of qaartz which are usually found
in quantities less than five percent. The maximum diameters of
quartz and feldspar also show a size decrease away frorn the
presumed source in central Virginia. Euhedral apatite and zir-
con are trace minerals and may be intergrown.

Authigenic pyrite, gypsum, basaluminite, limonite, calcite,
and chloritoid are common products of diagenesis and,/or
weathering, and have replaced and infilled considerable portions
of the porous tuff.

Summary

Several lines of evidenee lead to the conclusion that the
Tioga volcanq or volcanoes, was in the latitude of central Vir-
ginia in the Valley and Ridge province or to the east in the
Piedmont Province. The thickest known ash accumulation and
greatest number of sand-size pyroclastic beds oecur at Seven
Fountains, with other exceptionally cornplete or thick sections
at Hollins Reservoir and Williamsville. The coarsest crystals
occur at Seven Fountains; unfortunately, there are no fresh and
detailed exposures of the Tioga Bentonite in the intervening
area. Thickness patterns (Figure 26) suggest that the source
may even be farther east than the Ridge and Valley province.
Granodiorite plutons, such as are found in Fluvanna County,
Virginia, are of the correct general age (800-b00 million years)
and composition (Smith, Milici, and Greenburg, 1g64) to repre-
sent the Tioga magma. Further researeh is needed to test this
suggestion.
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