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South Mountain and the Triassic in Adams County are the subjects of
this year's Harrisburg Area Geological Society field trip. The main focus
will be structural, but environmental geology and paleontology will be
covered. Four of the stops will be in the Fairfield area, one on Piney
Mountain and one near York Springs.

NOTE: The road log starts in the parking lot behind the James Center, home
of the Geology Department at Dickinson College. It is located at the
corner of West Louther and North College Streets in Carlisle, Pennsylvania.

Turn right onto College Street, PA 74 South.
Traffic signal, turn left onto High Street, US 11 North.
Traffic signal, turn right onto Hanover Street, PA 34 South.
Enter Holly Gap in South Mountain.
Veer to right continuing to follow PA 34 South.
Cross over Gettysburg Railroad at grade crossing.
Turn right onto Herr Ridge Road. Note: This intersection is
easily missed.
Stop sign, turn right onto US 30 West.
Turn Left onto Herrs Ridge Road.
Stop sign, turn right onto Bream Hill Road.
Stop sign, turn right onto PA 116 West.
Turn left onto Iron Springs Road (S.R. 3014).
You are now driving through closed contours. The edge of the
road floods in this area during periods of heavy rain.
One lane underpass (11' 9° underclearance) under
CSXT's Hanover Subdivision.
Crossover masonry arch over Tom's Creek built for the tapeworm
railroad.
Former Bingham copper mine uphill on right; No Trespassing signs
are everywhere.
GAF (ISP) quarry is straight ahead. This quarry produces
mineral granules for roofing shingles.
Turn right into Apostolic Church parking log. Leave bus and
proceed east across road and then along railroad track for about
0.8 miles to the Gladhill railroad tunnel. Entry onto CSXT
property is by permit only.

! ' 	^"/. • is Y- 1 ii ^ f

1. BRING A FLASHLIGHT! The tunnel is dark. It will be impossible to
observe geologic details within the tunnel or assure secure footing without
one.

2. MOVE ALONG. We will walk about 0.8 miles along the Western Maryland
RR tracks and return by the same route. I hope with adequate time to see
the principle geologic features on this traverse, but actual walking time
(average pace) should be reckoned as about 30-35 minutes. I recommend
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proceeding directly to the far end while noting features you think might
merit more examination. You may then pace your return to linger at the
points of greatest interest to you.

LOCATION: The west portal of the Jacks Mountain tunnel is about 0.55 mi.
(0.9 fan) southeast of the Western Maryland RR grade crossing in the village
of Gladhill (south central Iron Springs 7•5' Quad) in the north central
Blue Ridge Summit 7.5 Quad. Geologic map for this area is Pennsylvania
Geologic Survey Atlas Al29C (Fauth, 1978).

GEOLAGIC : The Tunnel Hill area (southwest end of Jacks Mountain)
lies approximately in the projected axial zone of the South Mountain
anticlinorium of Maryland. This structure is the northeastern extension of
the Blue Ridge proper, delimited to the northwest by the Antietam Cove
fault, which evidently reappears to the east of the Gett ysburg basin as the
Pigeon Hills and Hellam Hills of York County, and the Chickies Ridge and
Honey Brook upland(?) of Lancaster County, bounded to the northwest by the
Chickies and Oregon thrusts. The major portion of Pennsylvania's South.
Mountain, northwest of the Antietam Cove fault, is structurally part of the
Valley and Ridge province (Hatcher et al., Geol. of N. Amer., V. F2, GSA,
1989; MacLachlan, Field Conf. Pa. Geol., 1991). The two South Mountain
areas have rather similar stratigraphy, but a transition zone of indefinite
width seems to be concealed by thrusting under the Antietam Cove fault.

The major deformation of the South Mountain area appears to be
entirely Alleghanian, but the southeastern side is significantly impacted
by Lower Mesozoic extension. This is particularly true near Iron Springs
village where the Gettysburg basin margin abruptly changes direction and
the southwest striking border fault continues into the South Mountian
upland on the northwest side of Jacks Mountain. This fault, which has no
formal name, can be traced at least as far southwest as the Blue Ridge
Summit area by truncated markers. For convenience of reference herein I
will call it the Blue Ridge Summit (BRS) fault.

Fauth's cross-sections show the BRS fault dipping about 70 degrees
southeast. This was the conventional interpretation of Mesozoic border
faults at the time of his report (see sections of any edition of the
Geologic Map of Pennsylvania). Southeast dip is indeed supported (much too
strongly!) by apparent topographic deflection of the fault trace. About a
mile northeast of Gladhill I compute a dip in the range 20-25 degrees.
This determination, of course, assumes that the fault is strictly planar
and its trace is precisely mapped. Neither assumption is necessarily
entirely realistic (picking contacts on colluviated slopes must allow for
some margin of error), and I would usually infer only that the dip was
rather less than Fauth accepted. The enigmatic, but probably related,
fault we will see in the tunnel dips precisely in this range, and my
determination may simply be another tribute to the generally high quality
of Fauth's mapping.

Results of seismic studies on the continental shelf published in the
early 80's show buried Mesozoic basins characteristically are
asymmetrically bounded by listric faults flattening into decollement in the
pre-Mesozoic basement. These faults were interpreted as Alleghenian thrust
ramps reactivated in a normal sense during the Mesozoic extension. This
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precept has been plausibly applied in reexamination of a number of onshore
examples of this genre including the Mesozoic of Pennsylvania (at least
east of the Susquehanna). Several published offshore profiles are a good
proxy for a proprietary seismic section across the Newark basin near the
Delaware River. In the Cornwall area both Paleozoic thrusting and low dip
(35 deg.) Mesozoic extensional faulting can be demonstrated by field
evidence and extensive exploratory drilling by the Bethlehem Steel Co.
Reanalysis of Fauth's data (MacLachlan, 1991, op.cit.) led to the
conclusion that the relationships near the north end of the Antietam Cove
fault were analogous. The last is particularly relevant to the BRS fault
because this is another case where a discrete surface of undisputed
Mesozoic extension passes from the basin margin into the mountain mass. In
this case a Paleozoic precursor must be presumed as structural
relationships in the Antietam Cove area cannot be generated by normal
faulting; indeed, there is no evidence that extensional reactivation ever
extended this far south.

Another more local fault lies parallel to the BRS about 1,000-2,200'
to the southeast. Fauth's sections show this as steeply SE dipping reverse
fault, which is one of the more egregious examples of the fact that his
sections are not always as reliable as his mapping. As this fault cuts
Triassic rocks at its northeastern end, this conclusion is scarcely
credible even without appeal to concepts evolved after the work was
completed. The surface geology alone leads easily to the inference that
the fault is anithetic to the extension on the BRS fault. Simple stress
theory and fracture criteria predict that antithetic faulting dipping about
60 degrees. toward the primary fault is expectable if extensional movement
is constrained by an antecedent discontinuity dipping appreciably less than
60 degrees. and the extensional stress approaches the (low) bulk tensile
strength of the upper block. The flatter the primary fault is, the more
probable antithetic faulting becomes owing to the increased frictional
effect of the gravitational load. The map does indeed show some evidence
of topographic effect suggesting a northwesterly dip of the fault. I
calculate about a 50 degree NW dip on this surface, which may be correct,
as the resolved stresses near the BRS fault plane may be expected to be
inclined to the horizontal regional extension and the vertical
gravitational load assumed in the simplistic theoretical model.

All evidence converges on the conclusion that Mesozoic movement on the
BRS fault resulted from exploitation of a preexisting surface dipping 20+
degrees SE. In the context of regional tectonics, this is surely an
Alleghanian thrust fault.

What I judge to be good confirmation that the BRS fault is a thrust of
major displacement may be found in a deep (9,100'+) well. Rumors that the
Army drilled over 9,000' of Catoctin somewhere in Adams County have been
current for several decades. While the location of this well is to the
best of my knowledge still secret, since limited information was released
on a confidential basis for geologic use, I do not deem it a breech of
security to say that we have deduced that it lies somewhat over a mile
southeast of the BRS fault. I have seen a sample description log of this
"water" (yes, that is what the log header says--hot showers anyone?) well.
The conspicuous feature of this record is that it shows penetration out of
the basalt dominated sequence apparent at the surface at about 3,650',
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which is a reasonable down-dip projection of the BRS fault. Below this
level to TD is a metarhyolite dominated sequence which is apparently that
exposed northeast of the fault. An apparent fairly thin marker in the
lower interval (logged as a sandstone, which is improbable, but not
unlikely to represent Fauth's orange porphyritic metarhyolite unit)
suggests that much of the indicated thickness results from repetition by
overturned folds. The indicated minimum net slip on the fault is on the
order of kilometers. Alleghanian movement must additionally include
allowance for any Mesozoic slip in the opposite sense.

In addition to the regionally significant features described above,
the vicinity of the southwest end of Jacks Mountain has a complex of local
faults which I deduce to be related to dying out of the Mesozoic
reactivation of the BRS fault as it becomes more remote from the Gettysburg
basin. I haven't even attempted mechanical analysis of this mess, but
relevant features near our traverse are noted in the next section.

W T Y(J(AN SEE HE - (or not see, though it may, or may not, be there)

1. North of Gladhill is a conspicuous knob (Pine Mountain) which is
supported by the Weverton Rm, on the nose of a southwest plunging
syncline, having some Harpers Fm. in its core. Loudoun Fm. is present on
the northwest flank, and the rocks appear to be depositionally above the
Catoctin. Though tight folds of substantial magnitude are indicated by the
map pattern of markers in the metabasalt, the fairly local datum of the
elevation of the Loudoun/Catoctin contact may (or not) be relevant to
evaluating fault displacements that appear to have affected Jacks Mountain.

The Loudoun Fm. is absent on the southeast limb and the Weverton
locally adjoins metarhyolite. This is interpreted as the consequence of a
southeast dipping listric thrust with a stratigraphic throw probably not
less than 1,000

1
, and a slip of possibly 1,500' along a surface dipping

perhaps 60 degrees at outcrop and decreasing with depth. Faulting of this
type is a normal concomitant of Alleghanian folding. In view of apparent
structural thickening of the Catoctin, I would expect this kind of
structure to be even more common than the map suggests. This fault, which
crosses the railroad about 100' west of the Gladhill grade crossing and
church, is mapped in the Weverton immediately northwest of the fault.

The Pine Mountain syncline is terminated to the southwest by a steep
fault striking NNW oblique to the regional grain. This fault is mapped as
ending against the fault previously described as a steep thrust. As the
cross-fault appears clearly younger than the folding, while the thrusting
is probably contemporaneous with the folding, the mapping appears incorrect
in this particular. It should be noted that the cross-fault strike is
anomalous with respect to the Alleghanian structure, but parallel to the
fault which juxtaposes Triassic rocks across the northeast end of Jacks
Mountain. I regard these two faults as genetically identical, and the
indicated displacement at Pine Mountain represents a corresponding
reduction in the vertical component of the Mesozoic movement to the
southwest. This interpretation requires that the fault extends
southeastward to the BRS fault, hence across our traverse.
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2. Around the first curve from the road along a straight stretch and
continuing around the next major curve is a shallow cut with intermittent
exposures of metabasalt. This rock is, unfortunately, typical of much of
the Catoctin Fm. in South Mountain in that it is highly cleaved (2 cleavage
generations have been distinguished), and no primary structure has been
observed. A "greenstone" quarry about 100 yards east of the straight
segment of the railway, not visible from the track, retains distinct
amygdules. It is possible that careful examination here might reveal
features indicative of stratigraphic facing. In more favorable situations
overturning of the flows has proved to be quite common. We have neither
time nor have we permission to access this quarry.

The fault at the southwest end of Fine Mountain projects through the
northern end of this area. While actual exposure would be uncharacteristic
of faults in this terrain, there is some suggestion that cleavage of the
metabasalts may be disturbed in this vicinity. You are invited to see if
you can establish or reject evidence for a fault with greater than 1,000'
displacement crossing the tracks in this interval.

3. To be enumerated among the things you will NOT see (even though it is
almost certainly there) is the BRS fault. Its position is well established
by mapped lithologic discontinuities within a few thousand feet northeast
and southwest of the railroad, and the fault trace between these control
points projects down the bottom of the small valley which ends the cuts
where the previous exposures were observed. This trace crosses the railway
about 

9501 
west of the Tunnel Hill fault measured perpendicular to strike

(1,000'+ along the tracks). This unimpressive surface expression of a
major fault is not just a local problem. Rather, it tends to be
characteristic of "exposures" on a surface weathered and eroded in a humid
climate where rocks on either side have similar erosional resistance.

4. Beginning about the third curve on the railroad, a shorter cut leading
to the tunnel portal has considerable exposure of metabasalt generally
similar to that observed to the northwest. Near the portal there are
patches of copper "bloom" on exposed surfaces, which have apparently formed
only since the excavation. The parent material here is apparently only
chalcocite. No native copper is known here, although it is commonly the
much more abundant copper mineral in the South Mountain metabasalts. So
far as can be determined, there is no genetic relationship between this
copper occurrence and the nearby Tunnel fault.

5. Given that the mapping indicates that a fault must exist between the
metabasalt and the Weverton Fm. on the hill, its position in the cut at
the portal cannot be readily distinguished by the novice and even the
expert can be excused for being wrong. This fault dips 23 degrees SE and
may be readily traced in the tunnel walls down to breast height where
Fauth's text includes a photgraph with his analysis. I find no fault with
the letter except that the hanging wall rock is not Weverton, but
metabasalt! (I wasn't the skeptical SOB who broke off a piece and carried
it out into daylight for a good look.) I concur with Fauth that mesoscopic
displacement indicators show only one phase of normal displacement on this
low angle fault (microfabric study could contradict this conclusion), and
it is evidently a purely Mesozoic structure. If any one can tease some
indication of slickensides or slip linears out of this unfavorably oriented
exposure, it might help mechanical analysis. If I am correct that the
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local fault complex represents dissipation of the Mesozoic movement, the
slip may well be oblique rather than pure dip slip.

At least 20 feet of Catoctin is exposed in the upper plate. As a
fault contact with the Weverton is still required, we must suppose that
this basalt represents a horse below the main fault. If the geometry of
the latter was generated by Alleghanian thrusting, the anomalous relation
between the dip and slip of the exposed normal fault is easily resolved.
If the exposed fault is simply the base of a late horse, its dip is a less
reliable indicator of the region trend. Never-the-less, it does appear
consistent with other indications, and it remains my preferred value.

6. Somewhat east of the exposed fault there is a section of masonry
lining I estimate as somewhat over 200' long in a tunnel elsewhere finished
in native rock. Once it is recognized that the main fault has been missed,
the significance of this zone of distressed rock is obvious. The length of
the lining suggests that the width disturbed zone is greater than one would
expect from surface indications or the dip is fairly low. Obviously I
perceive the latter as more probable.

The main fault here branches from the BRS fault and is clearly related
to it. Plausible genetic models apparently can be erected which assume
either participation only in the Mesozoic events or in the whole composite
history. The question cannot be resolved from the present evidence.

7. Weverton Fm. quartzite is exposed immediately east of the lined
section of the tunnel. This was confirmed by sampling, but no structural
measurements were attempted in this very dark part of the tunnel. In view
of the structural complexity in the east portal vicinity, such
determinations as close as possible to the fault might be interesting.

In the cut at the east end of the tunnel the structure in the
Weverton is conspicuously complex. In my brief visit I did ascertain that
some of the beds were apparently overturned, and that there was sufficient
variation that I would not attempt to generalize the structure without
several hours of measurements and stereogrametric plotting. Fauth asserts
that the axial planes of the folds here have a regionally anomalous
southwest dip. Conjecturally this orientation too could be attributed to
rather large effective rotation about a vertical axis associated with
differential movements during the Mesozoic extension where it is
dissipating in this part of South Mountain.

END NOTE: If I have given the impression that there are features here
which might be interesting to investigate further it is purely intentional.
Remember, however, that this is NOT an abandoned railroad but, among other
things, the principle haulage way for the huge quarries near Hanover. A
confrontation between 20 students and a half a million tons of rolling
stock and dolomite in the confined space of the tunnel would hardly reflect
credit on the sponsoring institution. If you ever return here make sure
you have permission cleared for a specific time.

40.5 0.0 Turn right onto Iron Spring Road (SR 3014) and cross over CSXT
at grade railroad crossing.

41.1 0.6 Stop sign, turn left onto Old Waynesboro Road.
42.6 1.5 Stop sign, turn left onto PA 16 East.
45.4 2.8 Turn left into PennDOT maintenance stockpile area.
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SITE This stop is in the northeast ninth of the Blue Ridge Summit
7.5-minute quadrangle at a Pennsylvania Department of Transportation
(PennDOT) storage facility located on the north side of PA Route 16, 0.45
miles west of the intersection of PA Routes 16 and 116 in southwestern
Adams County. The outcrop is essentially continuous from one end of the
facility to the other. Most of the outcrop at the eastern end is heavily
stained by weathering (of pyrite?) thus necessitating considerable
hammering of hard rock for detailed examination. West of this area there
are fresher and cleaner appearing outcrops produced by recent excavation.
The excavated rock was used to construct a wide bench upon which a
materials-storage building will be constructed. The westernmost part of
these new outcrops is the focus of this discussion. Figure 2 shows a
general sketch of the main outcrop. The outcrop comprises a ramp quarried
on the top of an eastward dipping metarhyolite bed and the rock along the
side and above the ramp.

c

^^ D tea\

FIGURE 2 - Sketch of outcro p at west end of PennDOT storage facility along PA Route 16
west of Zora, Adams County, Pennsylvania_ A-D are specific sites referred
to in the text. mR = metarhyolite; mB = metabasalt.

&WARY The rocks at this site are metarhyolite and metabasalt of the
latest Precambrian Catoctin Formation. Various aspects of the rocks
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demonstrate the effect that basalt intrusion had on rhyolite. Rhyolite at
the west end of the site was significantly more altered by intrusion of a
large body of basalt than rhyolite at the east end which was intruded by
thinner basalt bodies. Shear fabric pervades most of the rock
demonstrating the metamorphic effect of the Alleghanian orogeny. The
difference in appearance between fresh and weathered rock is well displayed
by the metarhyolite.

THE ROCKS The rocks at this site comprise metarhyolite (mR) and metabasalt
(mB) both of the Catoctin Formation. These rocks are latest Precambrian in
age and were formed 597+18 to 570+30 Ma (Root and Smith, 1991, P. 35-36).
The rocks occur in the Jacks Mountain Belt of Catoctin occurrence in South
Mountain (Fauth, 1978, Figure 2, p.7). Fauth (1978, Figure 8, p. 35)
places these rocks in about the middle of a total of 1500-2000 feet of
Catoctin Formation. Planes on the mR in the western part are oriented
N30°E and dip 31°SE. Layering in the eastern part is somewhat steeper.
Lacking evidence to the contrary, it is assumed that the layering is right
side up.

TAP E D ROCKS The mR at the west end comprises very hard, very light gray
(n4), homogeneous and structureless-appearing, vitreous rock. The mR
contains quartz phenocrysts 0.5-2 mm in diameter and many small specks of
pyrite. The fresh rock has a very siliceous appearance. The structureless
appearance is illusionary. The mR weathers a grayish orange (10YR7/4) to
dark-yellowish-orange (10YR6/6) to moderate brown (5YR3/4) and rock in the
early stages of weathering shows very distinct shear banding which
disappears at the boundary between weathered and unweathered mR. As the
rock continues to weather this shear banding becomes less obvious and the
rock again appears structureless. The groundmass of the mR is
microcrystalline silica that develps a sugary texture as it weathers.
Locally, the mE has vein quartz that follows very irregular paths. These
veins are best viewed on the surface of the ramp or at Site D (Figure 2).

At Site A (Figure 2), a variety of bedding-parallel lines have been
etched by weathering into a vertical face of mR. These lines have
cross-cutting relationships resembling crossbedding. Whether or not these
lines really delineate flow banding developed during deposition of the mR
is not known. The mR was highly sheared during the Alleghanian orogeny and
the shear banding developed at that time obscures or has destroyed primary
structures in many Catoctin rocks. However, primary structures do exist in
some places (Smith and others, 1991).

At Sites B and C (Figure 2), mR beds have abrupt vertical contacts
with adjacent mB. These contacts indicate disruption of the rhyolite by
intrusion of mB. At the base of the mR bed at Site C (Figure 2) there is a
thin, laminated, deeply weathered, reddish-brown rock that represents a
baked zone at the contact between the mR and the underlying intruded mB.

At Site D (Figure 2), there are two vertical faces normal to each
other that show an abundance of brittle fractures which postdate quartz
vein formation. Other interesting features may be present at all the
sites.

The mB is greenish-gray (5GY6/1) to grayish green (5G5/2) to
dark-greenish-gray (5G4/1) to grayish-olive-green (5GY3/2) and varies from
aphanitic to moderately coarse grained. No attempt has been made to
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discriminate the varieties of mB present in this outcrop. Fauth (1978, p.
9-11) distinguished six varieties of metabasalt in the area. He described
the rock as follows (1978, p. 28): 1The metabasalt is holocrystalline. It
has characteristic relic intergranular texture consisting of a felted, or
locally, a pilotaxitic groundmass of saussuritized feldspar microlites and
interstitial amphibole, chlorite, epidote, and opaque minerals." As is the
case with the mR, thin sections are required to study the mineralogy of the
mB. Color and abundant fracturing make the mR readily distinguishable from
the mR and, in general, the darker colors indicate coarser grain size. The
finer grained mB shows evidence of shearing. The total amount of mB at the
western outcrop appears to be considerably more than the amount of mR.

FAST END ROCKS Near the eastern end of the PennDOT facility (behind the
sheds), some of the mR has a different character. Here the mR is less
siliceous, light gray (N7) in color, has distinct shear banding in fresh
rock, and has some slightly pinkish feldspar phenocrysts. The groundmass
of the rock comprises both silica and feldspar. The shear bands are very
regular and 1-2 mm thick. The mR beds range in thickness from a few tens
of centimeters to several meters. The mR beds have sharp contacts with
intercalated beds of mB. Beds of mR similar to those at the west end occur
at the easternmost part of the outcrop.

The mB beds arc generally less than a meter in thickness and mB does
not appear to cross cut the mR as it does at the other end of the outcrop.
The mB is generally relatively fine grained and well sheared.

DISGUSSIO During the late Precambrian, the supercontinent Rodonia
(Hatcher, 1993) separated and the area east of Laurentia eventually was
occupied by the Iapetus Ocean. During the Early part of the breakup, a
variety of igneous rocks now exposed in South Mountain and elsewhere in the
Appalachians were produced by breakup-associated volcanic activity. The
rhyolitic rock was formed subaerially. Large masses of volcanic material
were extruded to the surface and then flowed laterally away from the point
of extrusion. This flow developed the flow banding the the mR. The
original rhyolite was presumably glassy (Fauth, 1978, p 36). The basalts
originated both as intrusions into rhyolite rock such as occurs here, but
elsewhere more typically as subaerial flows between rhyolite flows (Smith
and others, 1991).

At the Zora locality, a large body of basalt was intruded both through
and parallel to rhyolite beds in the western area causing disruption and
considerable hydrothermal alteration of the rhyolite beds. The rhyolite
was intensely silicified. Presumably the pyrite and vein quartz formed
from hydrothermal fluids at the same time. The eastern and
stratigraphically higher rhyolites were intruded parallel to layering by
thin basalts that caused relatively little hydrothermal alternation of
adjacent beds. The occurrence again of intensely silicified mR at the
easternmost end of the outcrop suggests that another large body of basalt
may have affected these stratigraphically higher rhyolites. All of this
intrusion occurred below the ground surface, but presumably at shallow
depths (hypobysal).

Following the formation of the volcanic rocks, they were first buried
beneath a pile of sedimentary rock that accumulated at first on the margin
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of Laurentia (Cambrian-Ordovician) and then in the Appalachian basin
throughout the remainder of the Paleozoic. During the Alleghanian orogeny
in the Permian, these volcanic rocks were moved 40 plus miles to the
northwest and structurally may be the southeasternmost part of the Ridge
and Valley system (MacLachlan, 1991). In addition to the translocation of
position during the Alleghanian orogeny, the Catoctin rocks were subjected
also to severe ductile shear that created the closely spaced shear banding.

Erosion of the pile of rock above the Catoctin rocks of South Mountain
commenced sometime following the Alleghanian orogeny. By late Triassic
time when the adjacent Gettysburg basin to the southeast was receiving
sediment, both Cambrian carbonates and Precambrian Catoctin rocks were
being eroded from South Mountain and transported to the basin margin where
they were deposited as clasts in some of the basin-marginal alluvial fans.
Further erosion has created the landscape present today and man has cut the
outcrops.

NOT DDNE Obviously, this is only a cursory description of this
excellent locality. Much more detail could be obtained about the
variations of rock types present here. Close examination of the contact
relationships in the western part may reveal more information about the
intrusive relationships. No attempt has been made to examine the joints
and cleavage present within the rocks. They have a story to tell about
Alleghanian deformation and possibly about subsequent Triassic rifting.

45.4 0.0 Turn left onto PA 16 East.
45.8 0.4 Turn left onto PA 116 East.
47.8 2.0 Turn left into Carroll Valley Borough Office parking lot.

The Borough of Carroll Valley did not exist until 1974, and its
existence, in part, came about as a result of the geology of the region.

In the early 1960's, a land developer from Washington D.C., Charles
Rist, and his wife Anita bought what was then McKee Knob and surrounding
land for the purpose of developing a ski resort, golf course and about
1,000 building lots on which expensive vacation homes with on-lot water
supplies and sewage disposals were to be built. The ski slopes and golf
course were built first, and several homesites were sold. Many will
remember that development was called Charnita in honor of the Rists.

McKee Knob and the ridge extending southward is diabase, the valley
floor on which PA Route 116 runs is underlain by the Triassic Gettysburg
Formation and some limestone conglomerates. To the west of 116, the
dissected hills of moderate relief represents the eastern margin of the
Blue Ridge and are underlain by metabasalts and vitreous metarhyolites of
the Catoctin Formation. Before development, this land was used for
orchards, farmland, woodland and adjacent to Tom's Creek there were many
marshy areas of wetlands. Because of the variability of bedrock type,
slopes, depth to bedrock, seasonal water tables, soil drainage and other
factors, many building lots will not pass criteria for on-lot sewage
disposal. Further, permeability in the diabase and metabasalts is through



12

fractures, and yields from wells in these formations may be less than two
gallons per minute. However, there is a high production well in the
southern part of the valley near Zora capable of yielding more than a
hundred gallons per minute which serves Fort Ritchie, and it is likely that
developers implied that this is a typical yield of any well to be drilled
in the vicinity.

When many unsuspecting buyers bought building lots, they found they
would not pass a percolation test for on-lot sewage disposal. Others found
they could not get sufficient water from wells to serve domestic needs.
Fewer lots were sold, and after nearly a decade after beginning, the
developer went bankrupt. In order to protect their investment, homeowners
decided to create a borough to provide a public sewage disposal plant, a
water company to provide water to those who could not drill wells with
sufficient yields, and other infrastructure such as road construction and
maintenance, storm water drainage, bridge construction and maintenance,
etc. The Borough of Carroll Valley became incorporated in 1974, and today
consists of several square miles extending from just south of Fairfield
southward to about PA Route 16 near Zora (including the golf course),
eastward to and including Mt. Liberty (McKee Knob), and westward into the
South Mountain. There are about 1,500 homes in Carroll Valley today with
more than that number of lots available for development.

One of the largest investments that individuals make in a lifetime is
the purchase of a home, and few potential buyers who shop in an
aesthetically attractive market take time to evaluate all aspects of the
investment including possible geological problems. Between a time that
Charnita was originally proposed and today, the State has become involved
in protective legislation, minor civil divisions have become more sensitive
to consequences of local development and there has been a greater awareness
on the part of the general population of possible geological problems when
buying properties. The drastic measures that homeowners may have to take
to protect their interests are exemplified by the incorporation of the
Borough of Carroll Valley.

47.8 0.0 Turn left onto PA 116 East.
50.0 2.2 Thrn left into Fairfield Inn parking lot.
LUNCH Optional lunch at Fairfield Inn.

50.0 0.0 Turn left onto PA 116 East.
51.0 1.0 Turn right onto Bullfrog Road.
51.1 0.1 Turn left into Valley Quarries, Inc. Fairfield Plant.

STOP 4 FAIRFIEL= PLAN.P
TRIASSIC Cft CIAN?

Discussants: Karen Evans, G. Robert Ganis

A trip to the active quarry near Fairfield, Pennsylvania, affords a
glimpse at a very unusual rock unit. Here VALLEY QUARRIES, INC. mines a
limestone conglomerate for the production of crushed stone. Recognizing
that somehow this rock was different from the fanglomerates found near
Arendtsville to the north, Stose and Bascom (1929) mapped this part of the
valley floor as a limestone conglomerate lentil, probably of Triassic age.
However, we believe the Triassic has been eroded away at this location
leaving this conglomerate of probable Lower Paleozoic age, but uncertain
affinity, exposed beneath an unconformity.
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Several characteristics make this rock unit unusual. First of these
is texture. In general, this rock is a very compact, tightly cemented
limestone conglomerate. The clasts are subangular to round and range in
size from 1/2-inch to 5 inches. It is possible to see sedimentary
structures in some of the larger clasts. The conglomerates are poorly
sorted throughout the unit, although there are indications of upward
grading into grainstones. Interbedded mudstones (rhythmites) overlie the
grainstone/conglomer

ate sequences. This combination of lithologies is
characteristic of a toe-of-slope marine setting. This being the case, the
unit is most likely Cambrian or Ordovician rather than Triassic in age.

Secondly, this rock has been highly affected by metasomatism
associated with the intrusion of a diabase dike along the eastern border of
the valley. The heat and fluids from this intrusion left skarn deposits of
diopside, andradite garnet and flecks of pyrite. The mudstone layers are
now a diopsidic laminite. There are striking reaction rims around the
clasts. Interestingly, the effects of metasomatism are seen all the way
across the valley to the Blue Ridge volcanics, suggesting the presence of
underlying diabase.

In the fall of 1992, a series of coreholes was drilled in the
neighboring property to assess the extent of the limestone reserves. The
cores include many unbroken multi-foot sections that attest to the massive
nature of the rock. The exposure in the quarries and the drilling outlined
a broad open anticlinal structure. Based on cross sections drawn from the
cores, the unit is projected to be at least 300 feet thick.

It is the rock's texture and extent that have brought VALLEY QUARRIES,
INC. to a potentially interesting business opportunity regarding an
expanded use of the reserves, i.e., whether or not to market the rock as a
dimension stone. Samples were sawed from blocks from the existing quarry
and tested for their potential as marble tile. This assessment took into
account traits like color, range of clast size and shape, uniformity of
texture, hardness, and resistance to abrasion. Preliminary test results
have been encouraging. Further marketing research will be done to test the
aesthetic appeal of the tile samples. If the reaction is positive, VALLEY
QUARRIES, INC., will be in a position to set aside a portion of its future
quarry pit for extracting large blocks for dimension stone.

Clearly, this rock warrants a new interpretation. Its marine
appearance and compactness suggest that the Triassic designation is
erroneous. Studies of this rock are continuing, and hopefully a
correlation can be made, particularly if fossils are found.

51.1 0.0 Turn right onto Bullfrog Road.
51.2 0.1 Stop sign at PA 116. Bullfrog Road has a 10 Ton weight limit on

the next stretch.
51.7 0.5 Turn right onto Carrols Tract Road (S.R. 3011). Name changes to

Orrtana Road approximately one mile prior to the CSXT at grade
railroad crossing at Orrtana.

57.2 5.5 Stop sign, veer right and continue on Orrtana Road (S.R 3011).
58.2 1.0 Stop sign, turn left onto Old US Route 30 (S.R. 3011).
58.3 0.1 Turn right onto Cashtown Road (S.R. 3011).
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59.3 1.0 Veer right and continue on Cashtown Raod (S.R. 3011).
62.9 3.6 Stop sign, turn left onto High Street which becomes PA 234 West

at next intersection.
64.1 1.2 South Mountain Fairgrounds on right.
66.2 2.1 Turn right onto Shippensburg Road (S.R. 4010).
67.8 1.6 Veer right onto Wenksville Road (S.R 4010).
68.3 0.5 Bus will stop at power line crossing. Site is uphill on left.

Be careful when crossing the road.

Dimes: Noel Potter, Jr., Rmald Arcuri ,
Jennifer Atkins, ( v-i eve Becker,
Frank Datterfield, Julie Collins,
Trent Harrison, Y r Luke,
Kenneth 'W fe, and Pr Zuck

Park along Wenksville Road (Figure 4), and walk northwest beneath the
powerline (Figure 5) to the outcrops on the steep slope. The geology here
was described as Stop 9 for the 56th Annual Field Conference of
Pennsylvania Geologists (Hanson, 1991). The flat from the road to the base
of the steep slope is mapped by Fauth (1968) as Precambrian metabasalt. It
does not crop out here, but a few float boulders can be found. The
Cambrian Loudoun Formation underlies the steep slope. A basal phyllite
unit (Fauth, 1968) of the Loudoun is not exposed here, but Fauth's
conglomeratic unit, which consists of alternating sandstone and
conglomerate underlies the slope. Bedding in the outcrop is near vertical
to overturned with tops toward the northwest and cleavage dips southeast.
A brief synopsis of the Stations (Figure 5) described by Hanson (1991)
follows Station 1: A large float block of sandstone exhibits excellent
cross-bedding. Station 2: A float boulder about 50 feet into the woods on
top of an outcrop exhibits a scour channel containing conglomerate.
Station 3: Outcrops of interbedded conglomerate and sandstone. Station 4:
Outcrops of interbedded sandstone and conglomerate. Our study focuses on
Station 3. Walk up the hill to that outcrop.

We conducted strain analysis on two types of pebbles and quartz sand
grains from the conglomerate and sandstone at Station 3 (Figure 5). We
measured the amount of strain in the pebbles and sand grains using the
Rf/Phi technique (Ramsay and Huber, 1983) and determined the strain ratio
(Rs). From the analysis, we were able to determine the amount and
direction of strain that occurred during the Alleghanian deformation. This
study expands on work done on the deformation of pebbles in the Cambrian
Weverton Formation at Hammonds's Rocks on South Mountain southwest of Mount
Holly Springs (Potter, et at., 1991) and at the Chinese Wall near Hammond's
Rocks (Baker, et al., 1992).

The fabric produced by deformation of elliptical objects such as
pebbles is distinctly different from that produced by deformation of
initially spherical objects such as oolites. Some of the classic early
work on strain on oolites was done in the Great Valley just west and
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FIGURE 4 - Location Map. Stop on Wenksville Road from USGS Arendtsville, Pa.
712' Quadrangle. Zullinger sample location near Stoughstown_from
'USGS Walnut Bottom, Pa. 711' Quadrangle.
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northwest of South Mountain by Cloos (1947, 1971), so for contrast we also
performed and report on strain analysis of a sample of oolites from the
Great Valley about 12 miles north of this site, but we will not visit that
site today. The oolites were collected from the Cambrian Zullinger
Formation about 1 mile northeast of Stoughstown on U.S. Rt. 11 on the south
side of the highway (Figure 4). The Zullinger Formation is
stromatolitic-mechanical limestone with banded dolomite and some thin
quartz sand beds (Becher and Root, 1981). It contains a few beds of
oolites, which we used as strain indicators.

Data collectian and )tiK,ds

We adopted the convention of 3 mutually perpendicular tectonic
directions, a, b, and c. Tectonic a lies in the plane of cleavage and is
perpendicular to fold axes and bedding/cleavage intersections. Tectonic b
is in the plane of cleavage and parallel to fold axes. Tectonic c is
perpendicular to cleavage as well as the a and b directions.

We used the Rf/Phi method developed by Ramsay (1967; Ramsay and Huber,
1983), and expanded upon by Lisle (1985), to measure the strain exhibited
by the pebbles, quartz grains, and oolites. Rf is the ratio of long to
short axes in a plane and indicates the shape or ellipicity in that plane.
Phi is the angle measured from a specifically chosen reference line in a
given plane and indicates the orientation (+ if clockwise, - if
counterclockwise) of the long axis with respect to the reference line.
Rt/Phi diagrams were created with the data collected. Rf is plotted
logarithmically on the vertical axis and Phi is plotted on the horizontal
axis (e.g., Figure 7). The post-deformation strain produced on an
initially ellipsoidal marker is shown in Figure 6 (Lisle, 1985). As
initially elliptical markers are subjected to compression, they rotate
toward the plane perpendicular to compression, and become more elongate
parallel to that plane. Thus with increasing deformation, Phi decreases
and clusters nearer 0 and Rf increases.

We used Lisle's (1985) method with the Rf/Phi diagrams to determine
Rs, the ratio of the long to short axes of the strain ellipse in the plane
in which Rf and Phi were measured. Rs, the strain ratio, is determined
from the Rf/Phi diagrams using templates prepared by Lisle (1985). The
vector mean Phi (a measure of the average Phi) and harmonic mean H (a
measure of average Rf) are determined. Then a symmetry test is performed
on the data. If this test is passed, the best fitting template is selected
to give a value for Rs. This gives the strain ratio in the plane in which
the measurements were made.

For the in situ pebbles in the Loudoun Formation at Piney Mountain we
drew a reference line using a straight edge and measured the long and short
axes with a ruler. Phi was found by measuring the angle between the long
axis and the reference line with a dowel and protractor. The rock face
toward the road, the ab plane, is parallel to cleavage. The reference line
in this plane was drawn perpendicular to the bedding/cleavage intersection,
parallel to tectonic a. The ac plane is perpendicular to cleavage and the
bedding/cleavage intersection. The reference line in this plane was drawn
parallel to cleavage.
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Two oriented samples of sandstone were also collected at this
location. These were cut into blocks about 6 cm on a side with their faces
parallel to the ab, ac, and bc planes. Thin sections were prepared from
each of the 3 directions of both samples. Rf and Phi were determined for
50 quartz sand grains in each thin section on a petrographic microscope
using an ocular micrometer a rotating stage.

Oriented samples of the oolitic limestone in the Great Valley were
collected using the same procedures as for the s andstone. These samples
were also sawed into blocks roughly 2 x 4 x 6 cm with sides parallel to the
ab, ac, and bc planes. In this case, the faces of the blocks were
polished, etched with dilute HCL, and acetate peels were made of the faces.
Photographic enlargements were made from the acetate peels. We could then
do Rf/Phi analysis on the oolites directly on the photos.

Results
Pebbles in tI Loudoun Ccxjlairate

The pebbles studied in the Loudoun outcrop are in a large block
labelled with the Station 3 arrow (Figure 5). Judging by the dip of
bedding and cleavage in nearby outcrops, the block has been tilted 10-20°
out away from the slope by downslope creep. Two common types of pebbles
occur in the Loudoun outcrop--quartz and black shale. Each appears to have
responded differently to deformation. We could only measure the pebbles in
two planes--the ab (cleavage) plane and the ac plane perpendicular to
cleavage, but from those two planes it is possible to infer an approximate
strain ratio for the bc plane. Our data are given in Table 1 and Figure 7.
Average strain ratios are represented in block diagrams in Figure 8.

In the cleavage (ab) plane (Figure 7), the long axes of the quartz
pebbles are crudely aligned roughly parallel to tectonic b (the bedding/
cleavage intersection). In the ac plane the long axes are more strongly
aligned parallel to cleavage. Rs in the ab plane averages 1.45 (Figure 8),
and for the single sample in the ac plane Rs is 1.50. This suggests that
the quartz pebbles have been flattened perpendicular to cleavage and
elongated parallel to tectonic b. The preferred orientation of the long
axes of quartz pebbles parallel to tectonic b here contrasts markedly to an
almost random orientation in or near the cleavage plane of long axes of
quartz pebbles in the Weverton conglomerate at Hammond's Rocks (Potter, et.
al., 1991) and the Chinese Wall (Baker, et.al., 1992).

In the cleavage (ab) plane (Figure 7), the long axes of the black
shaly pebbles are aligned nearly parallel to tectonic a (perpendicular to
the bedding/cleavage intersection). In the ac plane the long axes are
strongly aligned parallel to cleavage. Rs in the ab plane averages 2.05,
and for the single sample in the ac plane Rs is 5.25 (Figure 8). The black
shaly pebbles have been considerably flattened perpendicular to cleavage,
and greatly elongated parallel to tectonic a.

Qmrtz Grains in L5oun Sax1st^e

The data for quartz grains measured in thin section from two samples
of the Loudoun Formation sandstone at Station 3 (Figure 5) was plotted on
Rf/Phi diagrams (Figure 6) and is summarized in Table 1.
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FIGURE 8 - Block diagrams showing average values of Rs in each plane for
pebbles, quartz grains, and oolites.
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Table 1. Rf/Phi Data for Pebbles and Quartz Grains

In the Loudoun Formation at Piney Mountain

Samp. Ref. line No. in Vector Harmonic Ismi Rs by

No. Parallel Samp. Mean 0 Mean H Rf/Phi

Quartz Pebbles in Outcrop
LOU1.Qtz.AB b 50 -17.4 1.86 0.95 1.60

LOU2.Qtz.AB b 50 -38.2 1.53 0.72 1.30

LOU1.Qtz.AC a 50 -10.8 1.66 0.84 1.50

Black Shaly Pebbles In Outcrop
LOU1.Bsh.AB a 50 2.2 2.05 0.88 2.20

LOU2.Bsh.AB a 50 -9.7 1.94 0.96 1.90

LOU1.Bsh.AC a 50 -4.3 5.22 0.88 5.25

Quartz Sand Grains In Thin Section
LOUTAB b 50 -37.6 1.66 0.72 1.50

LOU2AB b 50 -32.6 1.62 0.72 1.25

LOUTAC a 50 7.5 1.94 0.60 1.80

LOU2AC a 50 7.4 1.80 0.84 1.80

LOUIBC b 50 2.7 1.74 0.84 1.60

LOU2BC b 50 4.8 2.16 0.92 2.00

Table 2. Rf/Phi and Fry Analysis Data for Oolltes
In the Zullinger Formation near Stoughstown

Samp. Ref. line No. in Vector Harmonic Iy As by As by Phi Dir-

No. Parallel Samp. Mean 0 Mean H Rf/Phi Fry ection

ZUL1 DE a 50 7.7 1.21 0.84 1.20 1.59 490

ZUL2A6 a 50 -7.5 1.22 0.64 1.20 1.24 -670

ZUL1 DF a 50 -6.1 1.60 0.68 1.60 2.04 -170

ZUL2AC a 50 1.2 1.40 0.84 1.45 1.53 -12°

ZUL1EF b 50 -0.6 1.26 0.84 1.25 1.38 -4°

ZUL2BC b 50 -11.8 1.40 0.80 1.35 1.52 -3°
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Compared to Loudoun pebbles the spread of Phi for quartz grains is
greater, but nevertheless a pattern emerges. The lowest Rs values,
averaging 1.3 (Table 1), and highest range of Phi values (Figure 9) are
found in the ab plane. The average Rs for each of two samples in the ac
and bc planes is about equal at 1.80 (Table 1), and the spread of Phi
values in each of those planes is less than in the ab plane (Figure 9).
The average values of Rs in each plane are shown in a block diagram (Figure
8). The data suggests that the quartz grains in the sandstone have
undergone considerably less deformation that the larger pebbles in the same
outcrop. However, it is clear that the quartz grains have been shortened
perpendicular to cleavage and extended parallel to cleavage. The wide
range of Phi values in the plane of cleavage (ab plane) suggests that the
long axes of the quartz grains is nearly random in that plane, similar to
the pattern found for both pebbles and quartz grains at Hanmond's Rocks
(Potter, et.al., 1991; Baker, et.al ., 1992).

Oolites from the Zu1ii r ormation of originally spherical
Markers

We wanted to find out how the strain of deformed markers that were
initially spherical differed from that of initially elliptical markers like
the pebbles and quartz grains. Since oolites are initially spherical
(Cloos, 1947), the post-deformation ellipsoids produced should give a
direct measure of strain in the rocks. The Rf/Phi diagrams for oolites in
the two Zullinger samples should show strain similar to that found by Cloos
(1947, 1971) further south in the Great Valley. He found that the shortest
axes of oolites were perpendicular to cleavage, and the longest axis was
parallel to tectonic a in the cleavage plane. We expected the average Rs
values to be highest and the range of Phi values to be lowest in the ac and
bc planes, for the ratio of long to short axes of the oolites should have
been greatest in those planes. The ab plane should show the least amount
of deformation (lowest Rs values) as the axes being measured were expected
to be the long and intermediate ones.

The Rf/Phi diagrams for the oolites (Figure 10 and Table 2) show the
lowest Rs values (1.20) and the highest spread of Phi values in the ab
plane. The greater range of Phi in the ab plane is probably the result of
our inability to precisely determine the direction (and therefore Phi
angle) of the long axes of oolites that were nearly circular in that plane.
The narrower range of Phi values in the ac and bc planes show that the
longest axes of the oolites are consistently oriented nearly parallel to
tectonic a in the cleavage plane. Values of Rs in the an plane average
about 1.53 and in the bc plane average about 1.30 (Figure 8), indicating
elongation parallel to tectonic a. This pattern is consistent with Cloos'
(1947, 1971) results further south in the Great Valley.

Fry Plots of Oolites

We also tried a second method, known as Fry analysis (Fry, 1979), to
determine the strain in the oolite samples. Fry analysis measures the
distance and direction between the centers of all ooids in a given section.
The result is a vacant, elliptical field, called an exclusion zone, that
approximately measures the shape of the strain ellipse thereby providing an
Rs value. The orientation of the strain ellipse can also be determined.
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Each of the 6 photos of acetate peels were scanned into a Macintosh
computer for analysis using the computer program Fry Analysis, version 5.0,
by Earth'n Ware, Inc. (DePoar and Simpson, 1992). The technique involves
selecting the centers of each oolite, and then the program plots the
center-to-center distances and generates the exclusion zone. A circle is
then "molded" into an ellipse that fits the exclusion zone, and the program
calculates Rs and Phi for that ellipse.

Five different people selected oolite centers and performed replicate
analyses on each photo. For each photo, from 75 to 150 oolites were used.
Averages of the 5 analyses are presented in Table 2. Our results with the
Fry technique were not very precise. We obtained a wide range of values
for Rs, particularly where the oolites had small values of Rs.
Nevertheless our average results were comparable to those obtained by the
Rf/Phi method, which we judge to give a more precise measure of strain.
The plane that had lower or higher values of Rs by the Fry method had
similarly low or high values for the Rf/Phi method, but the values obtained
by the two methods were substantially different. The greatest source of
differences results from the imprecision with which we could fit an ellipse
to the exclusion zone in the Fry analysis program, but it should also be
noted that the Rf/Phi method directly measures the shape and orientation of
the oolites, whereas the Fry method determines distances and directions
between centers of the oolites.

In contrast to the pebbles and quartz grains in the Chilhowee
conglomerates and sandstones in South Mountain (Figures 7 and 9), the
oolites in the carbonates in the Great Valley have lower values and a small
range of strain (Rs) and the range of Phi values is relatively small
(Figure 10). This is because the oolites before deformation were nearly
perfect spheres, and if they all behaved the same during deformation, they
should all have the same shape and orientation. In reality, each
individual oolite probably responded slightly differently to deformation,
thus creating the relatively small range of both Rs and Phi. The quartz
grains and pebbles, on the the other hand were probably mostly already
elliptical and probably had random or near-random orientation of their long
axes before deformation. Their ellipticity (and therefore Rs) was enhanced
by deformation, and in planes parallel to the maximum compressional stress,
the range of Phi values decreases during compresssion.

,s r; 11T . .

Comparison of the deformation of the quartz grains and the oolites
using the Rf/Phi diagrams, shows that the deformation was remarkably
similar. Both showed least deformation in the ab plane and greater
deformation in the ac and be planes. This indicates that the greatest
shortening was perpendicular to the plane of cleavage. The oolites showed
lower Rf values and greater clustering in the an and be planes, which is
expected since the oolites were more nearly speherical than the quartz
grains, and hence should deform more uniformly. In both cases, the longest
axes are preferentially oriented parallel to tectonic a. The longest axes
of the shaly pebbles are also preferentially parallel to tectonic a and
maximum shortening has occurred perpendicular to cleavage. In contrast,
although the quartz pebbles have experienced maximum shortening
perpendicular to cleavage, their longest axes are preferentially parallel
to tectonic b.
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The quartz and shaly pebbles behaved differently in response to the
same strain. The shaly pebbles deformed much more easily than the quartz
pebbles, as shown by their much higher Rs values in the ac plane. We do
not have a simple explanation for the difference in orientation of the
longest axes of the quartz and shaly pebbles. From our small sample, we
can not rule out the possibility of an initial depositional fabric, though
it seems unlikely that if they existed, they would by conincidence produce
dominant directions of long axes at right angles and so nicely related to
tectonic a and b. It is more likely that the shaly pebbles were smeared
parallel to tectonic a during deformation. The behavior of the quartz
versus the shaly pebbles deserves further investigation.

For the oclites, we compared the Rf/Phi and the Fry Analysis methods.
The results obtained from these differed rather markedly, except that
directions of minimum, intermediate, and maximum axes corresponded for both
techniques. Rs values from the two methods were not very close, and the
phi values were even more variable. The Fry method performed with the
computer program we used, at least for the relatively small amount of
deformation shown in the oolites, does not allow precise enough
determination of the strain ratio and the orientation of Phi. We have more
faith in the results of the Rf/Phi method.

Our results for the oolites were in agreement with Cloos's study of
the oolites in the Great Valley on the northwest flank of South Mountain
(Cloos, 1947, 1971). The results for the quartz grains in thin section
also agreed with the findings of Baker, et.al . (1992) on quartz grains in
the Weverton Formation at the Chinese Wall near Hammond's Rocks. The
results for the quartz pebbles differed from those of the Chinese Wall and
Hammond's Rocks. At those sites, it was found that the pebbles were
randomly oriented within or near the plane of cleavage (Baker, et.al .,
1992; Potter, et.al ., 1991). The pebbles at Piney Mountain have a
preferred orientation in the ab plane.

68.3 0.0 Bus has turned around. Proceed back on Wenksville Road (S.R.
4010).

68.8 0.5 Veer left onto Shippensburg Road.
70.4 1.6 Stop sign, turn left on PA 234 East.
73.7 3.3 Turn left, continue on PA 234 East.
83.0 9.3 Cross over US 15 and turn left onto northbound on ramp.
87.0 4.0 Veer right onto off ramp.
87.3 0.3 Stop sign, turn left onto PA 94 South.
88.3 1.0 Turn left onto Quaker Church Road (S.R. 1008).
88.9 0.6 On the left is the Huntington Friends Meeting House built in

1790, see text for Stop #6.
90.2 1.3 Proceed straight onto Latimore Valley Road (S.R. 1005).
90.2 0.0 Trostle Quarry is on right.
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STOP 6 THE TRIASSIC DI! AM AND THE TROS'1 LE JAERY
Discussants: Marcus M. Key, Jr., HelenL. Delano

e • •ke •

Fifty-six years ago this summer, in July of 1937, approximately 50
dinosaur footprints were found in the rocks of the Trostle Quarry near York
Springs in Adams County ([Cleaves], 1937a). The quarry is in the
Triassic-age Gettysburg Formation within a zone where the normally red
shale, siltstone and sandstone have been altered by "baking" or contact
metamorphism from the nearby diabase sill. The quarrying activity ceased
many years ago, but some rocks remain, with a variety of sedimentary
structures, and always the possibility of more tracks.

W.105 -OWI_e^RilWei•i:lZ1RX:9 C1_11_ 0I:^} ^^+ M e,

As Pangaea was rifting apart in the Late Triassic, south central
Pennsylvania was situated at 0-10° south latitude (van der Voo, 1988).
During rifting, trough-like basins formed in a belt along the east coast of
North America from present day Nova Scotia to South Carolina. The outcrop
of this belt is located in the Piedmont physiographic province and roughly
parallels the Appalachian fold belt (Rodgers, 1970). This belt consists of
a series of fault-bounded, narrow, elongate basins (Figure 11),
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FIGURE 11 - Cross-section and paleoenvironmental model of a Triassic-Jurassic
rift basin. From Gore (1988, Figure 15-13A).
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which formed in response to proto-Atlantic crustal extension during
continental rifting which preceded coastal plain deposition and the
development of the modern Atlantic continental margin (Benson and Doyle,
1988; Manspeizer, 1988).

The Gettysburg Basin is one of these. It extends from Maryland
through southeastern Pennsylvania and connects with the Newark Basin to the
east. Roughly 250 km long, it ranges in width from 7 to 30 km (Glaeser,
1966). Calculations of sediment thickness in the basin vary from 4,880 to
9,000 m (Stose and Bascom, 1929; Stose, 1932; Stose and Jonas, 1939; Stose,
1953; Fauth, 1978; Manspeizer, 1988). The basin consists of a series of
small, roughly parallel, long, narrow, smaller basins which deepen to the
northwest due to downfaulting along the northwestern margin of the basin
(Stose and Bascom, 1929; Stose and Jonas, 1939; Wood and Johnston, 1964;
Root, 1977). The rocks were intruded by an igneous sill which trends
southwest-northeast across Adams County (Stose and Bascom,1929). The sill
is composed of medium to coarse-grained crystalline tholeiitic diabase
containing plagioclase, pyroxene, and accessory magnetite (Smith et al.,
1975).

The sedimentary rocks of the Gettysburg Basin are too young to have
been affected by the late Paleozoic Alleghanian Orogeny which produced most
of the structural features in central Pennsylvania. Several origins have
been proposed for the deformation which produced the observed
northwestward-dipping monocline (Stose, 1932; Faill, 1973; Root, 1977).
Most workers since Rogers (1858), who attributed the dips to original
deposition in a delta assume the bedding has been rotated to attain its
present dip of 10 to 40 degrees (average 25 degrees) to the northwest
(Stose and Bascom, 1929; Stose, 1932; Stose and Jonas, 1939; Stose, 1953;
Wood and Johnston, 1964; Wood, 1980; Taylor and Royer, 1981).

AZ'IGRAPHY

The sedimentary rocks of the Gettysburg Basin rest unconformably on
deeply eroded Precambrian and Paleozoic rocks (Stose 1953; Wood and
Johnston 1964; Root 1977). They are dominantly red beds and belong to the
Conewago Group of the Newark Supergroup (Froelich and Olsen, 1984). Two
formations, the New Oxford Formation (lower) and the Gettysburg Formation
(upper), have traditionally been recognized in the Gettysburg Basin
(Glaeser, 1963). Of the three members of the Gettysburg Formation, only the
Heidlersburg Member has been named. It occurs near the middle of the
formation (Stose and Bascom, 1929; Stose, 1932; Stose and Jonas, 1939;
Stose, 1953; Glaeser, 1963, 1966; Berg et al., 1983).

The ages of the Gettysburg Basin rocks have been determined both
biostratigraphically and radiometrically. The pollen flora from the
Heidlersburg Member of the Gettysburg Formation indicates a Late Triassic
(Norian) age (Cornet, 1977; Cornet and Olsen, 1985). Fossils of the Late
Triassic age crustacean arthropod Pseudoestheria are known from Adams
County (Hoskins, 1969). Plant fossils from adjacent York County indicate a
Late Triassic age (Wanner and Fontaine, 1900). Footprints of the reptile
Rhynchosauroides from Adams County (Baird, this volume) indicate a Late
Triassic (Carnian) age (Olsen, 1988). Tracks of the dinosaur Atreipus
milfordensis (Baird, this volume) from Adams County also indicate a Late
Triassic (late Carnian to early Norian) age (Olsen and Baird, 1986). These
biostratigraphic ages equal an absolute age of 230-208 Ma (Palmer,
1983).
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K-Ar radiometric dating of the Aspers diabase sills and dikes which
cross-cut the sedimentary rocks yields an age of Early Jurassic
(Hettangian) (Benson and Doyle, 1988; Manspeizer, 1988; Olsen and Baird,
1986). This equals an absolute age of 208-206 Ma (Palmer, 1983).

, 13'I 1;1DkUki _I e).

The Gettysburg Formation crops out across the northwestern two-thirds
of the basin and is dominated by nonresistant red beds. It contains
generally poorly sorted, micaceous, interbedded soft red shales and friable
sandstones with numerous gray, white, green, and buff sandstones (Stose and
Bascom, 1929; Stose, 1932; Stose and Jonas, 1939). Many of the sandstones
are calcareous or arkosic (Glaeser, 1966). Locally there are beds of red
limestone conglomerates and quartz-pebble conglomerates, as well as black
and green shales (Stose and Bascom, 1929; Stose, 1932). The Heidlersburg
Member is mapped near the middle of the formation on the basis of its gray
and white sandstones and non-red shales, although it too is largely made up
of red shales and sandstones. Adjacent to the highlands to the northwest,
conglomerates form fan-shaped deposits along the western edge of the basin
(Figure 11) and contain clasts of Cambrian quartzites and Cambro-Ordovician
limestones (Stose and Bascom, 1929, Fig. 7; Stose, 1932, Fig. 6; Root,
1977; Wood, 1980). The entire formation exclusive of the intruded igneous
bodies is 4,600-5,800 m thick (Stose and Bascom, 1929; Stose, 1932; Stose
and Jonas, 1939; Glaeser, 1963; Root, 1977).

The depositional setting of the Triassic-Jurassic red beds along the
eastern margin of North America has traditionally been interpreted as a
semi-arid alluvial terrestrial environment based on several independent
sources of data. Sedimentological analysis of the red beds suggests a
variety of semi-arid terrestrial environments including alluvial fan,
fluvial, paludal, lacustrine, playa, and eolian deposits (Lorenz, 1988;
Smoot and Olsen, 1988). Geochemical analysis of the red color of the rocks
has been interpreted to indicate a semi-arid alluvial terrestrial
environment (Van Houten, 1961, 1968). Paleontological analysis of the
fauna has revealed a diverse community of fresh water pelecypods,
gastropods, ostracodes, shrimp, and fishes as well as terrestrial plants,
insects, reptiles, dinosaurs, and mammal-like reptiles (Olsen, 1988).

The hypothesized semi-arid alluvial terrestrial environment is also
supported by local evidence from the Gettysburg Basin in general and from
Adams County in particular. A variety of inorganic sedimentary structures
such as symmetrical and asymmetrical ripple marks, mud cracks, and salt
crystal molds have been reported (Stose and Bascom, 1929; [Cleaves], 1937b;
Stose and Jonas, 1939; Hoff et al., 1987). The common red, mostly
immature, feldspar-rich sandstones have been interpreted to reflect an arid
environment (Glaeser, 1966). Several fossils also support the hypothesized
environment. These include the fresh water crustacean arthropods Estheria

ovata (Stose and Bascom, 1929; Stose and Jonas, 1939) and Pseudoestheria

sp. (Hoskins, 1969), the fresh water arthropod trace fossil Scoyenia (Olsen
and Baird, 1986; Baird, this volume), terrestrial plant fossils of ferns,
cycads, ginkgos, conifers, and grasses (Wanner, 1889; Wanner and Fontaine,
1900), and terrestrial dinosaur footprints (Olsen and Baird, 1986; Baird,
this volume).
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Triassic and Jurassic dinosaur skeletons and tracks are well known
from the Triassic-Jurassic rift basins of Connecticut and Massachusetts.
In the Gettysburg Basin in Pennsylvania, only a few dinosaur tracks from
Adams and York Counties are known. Dinosaur tracks were first found in the
Trostle quarry in Adams County on July 27, 1937 ([Cleaves), 1937a; Stose
and Jonas, 1939). The quarry produced building stone, and stone from this
or a similar quarry can be seen in the stone arch bridge where Latimore
Creek Road crosses over Bermudian Creek just upstream from the quarry (Figure 12).

Scale 1 :50,000
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FIGURE 12 - Location and geologic map for Trostle Quarry. Trd = diabase.
Trgsh = Gettysburg Formation shale unit. Trgss = Gettysburg
Formation sandstone unit. Modified from Wood (1980, P1.1, Pt.1).
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The date of this bridge is unknown, but bridges of similar design in Adams
County predate the Civil War (Stose, 1932). The location suggests the
quarry may have been opened to supply stone for the bridge.

The quarry is located approximately 5 km east of York Springs, on the
south bank of Bermudian Creek (Figure 12). The geologic maps (e.g. Stose,
1932, 1953; Wood, 1980; Berg and Dodge, 1981) show the quarry site in the
Gettysburg Formation, stratigraphically below the Heidlersburg Member
(Trgss unit on Figure 12). The quarry is very close to the edge of the
diabase sill (Figure 12), and Stose's 1932 and 1953 maps show the zone of
local metamorphism from the intrusion extending to Bermudian Creek at this
location. This contact metamorphism has altered the (presumably) original
red color of the rocks to grayish red-purple, grayish yellow-green,
red-purple, and dark gray. The "baking" has also affected the durability
of the rock. The unaltered red sandstones and siltstones have been
quarried in a number of places in Adams County and used as building stone
(Stose, 1932). As can be readily seen at the 1790 vintage Huntington
Quaker meeting house located about 3 km west of the quarry on Quaker Church
Road, the red rock is susceptible to scaling and splitting after long
exposure to the weather. The "baked" rocks are more resistant to
weathering, but the argillite layers are described as breaking into such
small pieces as to be better suited for crushed stone. Many of the
siltstone beds in the Trostle quarry appear to be well-suited for dimension
stone, with bed thicknesses of 15 to 60 cm, and nearly rectangular jointing
perpendicular to bedding.

Stose (1932) describes the effects of contact metamorphism as
extending at most 100 feet (30 m) into the sedimentary rocks. The contact
between the Gettysburg Formation and the sill is mapped approximately 250 m
south of the quarry (Wood, 1980). Either the metamorphism here has
extended unusually far, or the sill extends farther north below the
surface. Cleaves (1937a) described the upper beds in the quarry as red,
but today little if any red rock remains. Perhaps increasing alteration as
quarrying progressed toward the diabase was a factor in determining the
useful life of the quarry.

The present exposure in the old quarry is a somewhat irregular face
approximately 100 m long, trending N 70 degrees W, and nearly 20 m high.
The quarry face is very steep, about 37 degrees. The bedding strikes N 43
degrees E, and dips 41 degrees to the northwest. This dip is steeper than
most of the dips in the Gettysburg Basin and may be related to the
proximity of the diabase intrusion a small distance to the south (Stose and
Bascom, 1929; Stose, 1932). Approximately 60 in of the section is exposed
here.

The quarry exposure reveals alternating layers of massive siltstone
and thin bedded shales. The siltstones display small scale cross-bedding,
clay drapes over ripple marks, and soft sediment deformation structures
such as load casts. Ripple marks, load casts, and trace fossils can be
found on bedding planes in the siltstones. The finer grained units
commonly contain mud cracks. Individual beds are planar and generally
continuous across the exposure. No channel forms or scoured surfaces were
observed. Although carbonate cement is very common in the nearby red beds,
none of the quarry rock tested showed a reaction to acid.
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FIGURE 14 - Hypothetical reconstruction of Atreipus milfordensis, the habitually
quadrupedal ornithischian dinosaur responsible for the majority of the
Trostle quarry tracks. From Olsen and Baird (1986, Figure 6.17C).

l

FIGURE 13 - Outline pattern of the most common dinosaur track (Atreipus milfordensis)
from the Trostle quarry. Larger tracks are from the back feet while the
smaller tracks are from the front feet (see Figure 14). From Olsen and
Baird (1986, Figure 6.5B).
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The slabs containing the footprints came from the middle of the quarry
about halfway up the 20 in high quarry wall ([Cleaves], 1937a). This places
them about 6,000 in above the base of the New Oxford Formation, 450 in below
the base of the Heidlersburg Member of the Gettysburg Formation, and 3,900
in below the base of the Aspers basalt (Olsen and Baird, 1986). The
footprints were found on bedding planes of greenish-gray, siltstones, and
shales ([Cleaves], 1937a; Hoff, person communication). These slabs also
contain ripple marks, mud cracks, and miniature load casts (Stose and
Bascom, 1929; [Cleaves], 1937b; Hoff et.al ., 1987). In the past, the
miniature load casts were incorrectly identified as dinosaur skin or rain
drop imprints (Hoff et.al ., 1987).

Most of the slabs containing footprints were donated to the Carnegie
Museum of Natural History in Pittsburgh. Several of the slabs were used as
capstones on the bridge over Plum Run in Gettysburg National Battlefield
(Hoff et.al., 1987). The State Museum of Pennsylvania in Harrisburg
received two slabs, and the Adams County Historical Society in Gettysburg
received one slab (Don Hoff, personal communication).

A total of almost 50 three- and four-toed footprints were found
([Cleaves], 1937a, b). The footprints (Figure 13) were originally
identified as belonging to three different species of theropod dinosaurs:
Grallator tenuis, Anchisauripus sillimani , and Anomoenus sp. ([Cleaves],
1937a, b). Dinosaur footprints belonging to the same species had been
reported from a quarry between Yocumtown and Goldsboro in York County,
Pennsylvania (Wanner, 1889; Hitchcock, 1889; Hickock and Willard, 1933;
Willard, 1934; Stose and Jonas, 1939; Willard, 1940). These original
species designations were erroneous because they were based on the
incorrect assumption that the rocks of the Gettysburg Basin were
contemporaneous with the younger rocks of the Connecticut valley (Olsen and
Baird, 1986; Baird, this volume). The Trostle quarry footprints have been
reassigned to the following quadruped ta_-%m: Atreinus milfordensis (Figure
14), Brach chirotherium evermani , Rhynchosauroides brunswickii , and
Pentasauropus sp. (Olsen and Baird, 1986; Baird, this volume).

Don Hoff, recently retired from the State Museum of Pennsylvania, and
Mary Dawson of the Carnegie Museum of Natural History helped us track down
references to the Adams County tracks. Craig and Ramona Yoder have given
permission to visit the portion of the quarry on their property.

90.2 0.0 Bus has turned around, proceed back on Latimore Valley Road
(S.R. 1005).

90.2 0.0 Proceed straight onto Quaker Church Road (S.R. 1008).
92.1 1.9 Turn right onto PA 94 North.
101.5 9.4 Stop sign, proceed straight onto PA 34 North.
108.7 7.2 Traffic signal, turn left onto High Street, US 11 South.
109.1 0.4 Traffic signal, turn right onto College Street, PA 74 North.
109.2 0.1 Turn left into the parking lot of the James Center at

Dickinson College.



This guidebook is a compilation of the efforts of many people. It is
their hard work and spirit of giving that made this possible. As a
nongeologist, I could not have done this without them. I wish especially
to thank the following stop leaders:

From the Bureau of Topographic and Geologic Survey - Dave MacLachlan
Bill Sevon
Helen Delano

From Harrisburg Area Community College - Ron Mowery

From Tethys Consultants, Inc. of Harrisburg - Karen Evans
Bob Ganis

From Dickinson College in Carlisle - Noel Potter (and his students)
Marcus Key

The Fairfield Inn is actually older than the Declaration of
Independence. It was originally the plantation home of Squire William
Miller, who settled in Fairfield in 1755. In the olden days the highway
through Fairfield was known as the "Great Road" from York to Hagerstown, so
the Inn was a stagecoach stop as well as a drover's tavern. It has been in
continuous operation since 1823.

Patrick Henry is said to have stayed at the Inn. Thaddeus Stevens
made it his headquarters when he established the Maria Furnace and
constructed his famous Tapeworm Railroad.

In 1862, during the Civil War, the famous Confederate General Jeb
Stuart visited here when his men stole 700 horses from the valley. He
returned in 1863 when the Confederates occupied the town for ten days
during the Battle of Gettysburg. After the battle was over General Robert
E. Lee and his men retreated through Fairfield. The women of the town made
huge iron kettles of bean soup and fed the starving soldiers as they
wearily trudged south. Bean soup is still served at the Inn.

For many years the Inn was known as the "Mansion House" and was a
well-known summer resort and honeymoon hotel. The guests were met at the
Fairfield Station and brought to the Inn by surrey. Rides up into the
mountains were enjoyed both in summer and winter.

During her years in the Gettysburg area Mrs. Eisenhour visited the Inn
often.

From a brochure entitled "Fairfield Inn, Since 1757"
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Early reports on the Trostle Quarry footprint assemblage assigned
scientific names to the footprints on the assumption that they were the
same age as the well-known dinosaur trackways of the Connecticut Valley,
about which so much had been published in the 19th century. However, it is
now known that the Conneticut Valley tracks are all Early Jurassic in age
while the Trostle Quarry tracks are Late Triassic. Moreover, a major
faunal turnover occurred at about the time of the Triassic-to-Jurassic
transition, with new kinds of reptiles replacing those that had made tracks
in Triassic days. As a result, all the footprint names in the early
reports are erroneous. It should be noted that scientists have separate
systems of names for footprints and for skeletons, because we can never be
sure about what kind of animal made a particular type of track.

The most common tracks in the quarry are called Atrreipus
milfordensis . (The genus name honors Atreus Wanner, the principal of York
High School who first published on tracks of this type in 1889; the species
name refers to the quarry at Milford, Hunterdon Co., New Jersey, where a
similar assemblage of footprints was discovered in 1885). Atreipus has a
three-toed hindfoot very similar to the Connecticut Valley footprint
Anchisauripus , but it differs in being quadrupedal, with small hoof-like
front feet leaving (usually) 3-toed imprints. The only early dinosaurs
that have forefeet of this type are plant-eaters like Lesothosaurus and its
relatives, so the Atreipus footprints provide one of the earliest records
of herbivorous dinosaurs (Ornithischia) in North America. These were
rather small animals compared to later dinosaurs, having a total length as
adults of 6 to 8 feet.

A second quadruped, but this one not a dinosaur, is represented by
Brachychirotherium eyermani . (The genus means "short-hand-animal" as the
hind footprints somewhat resemble a human hand; the species name honors
John Eyerman, who discovered the Milford footprints in 1885). Its smaller,
5-toed front footprints are turned-out like those of a walking crocodile,
while its larger hind footprints show four toes with the fifth shortened
and shifted inward to form a heel for the foot. Tracks of this
"hand-animal" type are common throughout the Triassic in both Europe and
North America. The foot structure revealed by the footprints can be
compared with the skeletons of various Triassic reptiles, with the result
that most chirothere footprints are correlated with a group called the
Rauisuchia--a group that is related in a "cousinly" way to both the
dinosaurs and the crocodilians. Rauisuchians were fierce predators that
somewhat resembled long-legged crocodiles, and we assume that they fed upon
inoffensive plant-eaters of the Atreipus type.

Smallest of the Trostle Quarry tracks is Rhynchosauroides brunswickii .
(The genus name indicates its similarity to rhynchocephalian reptiles, of
which only the New Zealand tuatara survives today; the species name comes
from the Triassic redbeds and brownstones that were formerly called the
Brunswick Formation in Pennsylvania and New Jersey). At most localities
where Rhynchosauroides is found it occurs by the hundreds, with many
trackways crisscrossed and overlapped, indicating an active and possible
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gregarious animal; but by quarryman's luck only a single, distinctive hand
print has been found at Trostle Quarry. The Rhynchosauroides trackmaker
was a basically lizard-like little reptile with five toes on both forefoot
and hindfoot, but whether it was a true lizard or a tuatara-relative is
unknown.

Last and largest of the reptile tracks is Pentasauropus. As its name
implies, it shows five stubby toes on both forefoot and hindfoot, and the
elephantine hind feet came down nearly on top of the previously made prints
of the front feet. Better examples from South Africa and Utah indicate
that the trackmaker just pottered along, taking very short steps for an
animal of its size. These tracks are attributed to the dicynodont reptile
Placerias , a late-surviving member of the so-called "mammal-like" reptiles
whose bones have been found in Arizona and North Carolina. Placerias was a
ponderous herbivore of rather rhinoceros-like proportions that cropped
vegetation with a turtle-like horny beak and had no teeth except for a pair
of rudimentary upper tusks.

Along with the vertebrate tracks are found pencil-sized vertical
burrows called Scoyenia that were probably excavated by crayfish-like
arthropods. Surface markings on some slabs were initially thought to
represent impressions of dinosaur skin, but these are now interpreted as
erosional scour-marks, load casts, and raindrop imprints.

Donald Baird, Research Associate
Section of Vertebrate Fossils
Carnegie Museum of Natural History
Pittsburgh, PA 15213
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