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INTRODUCTION

This years fieldtrip will examine various aspects of
karst topo g raphy in a portion of the Lehigh and Lebanon
Valley (Figure 1). The intent is not to analyze the
stratigraphic Succession but rather to emphasize those
processes which have helped farm the present carbonatelandscape. It is also the intent to emphasize the
environmental impact a-F karst as it pertains to
scci o--economic development.

Figure 1. Location map.

The carbonate geology of the areas covered in this trip
includes the upper Cambrian through middle Ordovician
sections (Figure ). References to geologic reports for theseareas are listed with each stop. A bibliography is included
at the end of the guidebook. Permission to enter the quarry
at Stop 2 was not granted so we will have to view the quarry
from Route 222. Caution is advised when crossing the road as
it is heavily traveled.

The term karst is defined as "a type of topography that
is formed over limestone, dolomite, or gypsum by dissolving
or solution, and that is characterized by closed depressions
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cr sinkholes, caves, and underground drainage" (GI Glossary
of GE ology, 1972) . In comparison to other, more spectacular
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karst regions in the world, such as Puerto Rica, Jamaica, and
China, the karst in Pennsylvania is rather subdued.

We will see a wide range of karst features. In the
beginning of the trip, we will see features that are commonly
expressed at the ground surface (closed depressions,
sinkholes) and features in cross-section (solutioned joints,
and openings). At the final stop we will observe karst
features from a beneath-the-land--surface perspective
(sol uti oned Joints, spel e©thems) .

The karst system is essentially a diverse plumbing
network laced throughout the carbonate bedrock. The
development of the system is dependent an a number of
variables. Variations in lithology, degree of structural
deformation and related bedding habit, and hydrology all play
an important part in the configuration of the plumbing
network. Climatic conditions help determine the rate of
geochemical interaction between the water, soil, and bedrock
and are critical in establishing the drainage patterns
endemic to karst regions.

Figures .7 demonstrates, in a simplified manner, how the
plumbing network may be established in a Pennsylvania
carbonate area.

In Figure :7a, meteoric water enters the soil and
percolates through the vadose zone to the groundwater table.
As the water moves through the soil, carbon dioxide reacts
with it to form carbonic acid (Figure gib). This acid then
reacts with the carbonate bedrock, dissolving it until it
reaches equilibrium (no more rock, can be dissolved). Planes
of weakness (fractures, faults, bedding contacts) would be
opened and enlarged as a result of the reduction of bedrock
by this process. The water eventually makes its way to the
water table and becomes part of groundwater system. Once the
drainageways have been established, the plumbing can then be
laid out (Figure 3c). The fixtures at the surface include
drains (sinkholes, linear and closed depressions). Once past
the drain, piping (fractures, bedding contacts) convey
materials sent down the drain, whether they be water or
regalith, to parts down gradient. Over a period of time, the
plumbing system is expanded. The expansion can be either
vertical or lateral. As a result of the expansion, voids and
cave systems may develop.

The development and extent of the plumbing system is
also dependent on the base level at a particular point in
time. Varying base levels would affect the level at which
the plumbing system develops and the direction and rate of
expansion. With expansion, mechanical erosion (movement of
water and sediment along the pipes) takes an new importance
as an abrasive and further aids in enlarging the system.

As discussed earlier, water in the vadose zone reacts
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with the carbon dioxide in the soil to 4orm carbonic acid. As
it comes in contact with the carbonate bedrock, it will
continue to dissolve the rock until it reaches a point of
equilibrium with respect to calcium carbonate and carbon
dioxide. The partial pressures associated with the carbon
dioxide helps put the calcium carbonate into solution. If the
water is saturated with respect to calcium carbonate and the
water is transported along the plumbing network to an area
where the partial pressure is less than what is associated
with the water, the carbon dioxide is released from the water
and the calcium carbonate becomes supersaturated (Figure 4).
This results in precipitation of calcium carbonate. Just as
mineral deposits sometimes line the inside cif water pipes,
the precipitated calcium carbonate "lines" the karst plumbing
system to form speleothems within caves.
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Figure 4. Due to partial pressure of carbon dioxide within
the soil, calcium carbonate goes into solution. Water enters
area of less partial pressure. Carbon dioxide i s released,

calcium carbonate becomes supersaturated and precipitates.
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ROAD LOG

0.0 0.0 Start at Harrisburg Area Community College parking
lot. Proceed to traffic light at the intersection of
Cameron and Elmer-ton Streets. Start mileage at
intersection. Proceed north on Cameron Street.

0.4 0.4 Exit right to ramp for 1-81 north, enter 81 north.

14.2 14.6 Lebanon Count y
 line.

3.9 18.5 Exit 29, Indiantown Gap on left.

3.5 22.0 Junction 1-81 north and 1-78. Stay right 1-78 east.
Note Swatara Gap to left in the distance. See Hoskins
and others (1983) , p. 115-117, for brief discussion
of this famous fossil collecting site.

1 0 .8 32.6 Note marked improvement of pavement. Thank goodness.

1.2 4.0 Blue Mountain to left.

1.6 5.6 CIA field station on l eft.

8.6 44.2 Pennsylvania Dutch Gift Haus on right.

6.9 51.1 Take exit 9A, PA Route 61 south, Reading/Pottsville.

0.6 51.7 Cross Schuylkill River.

1.9 57.6 Road cut, Hamburg sequence, shale and graywacke.

3.8 57.4 Road cut, Hamburg sequence.

2. 4 59.8 South end of Leesport, entering Ordovician
carbonates, Ontelaunee Formation.

0.6 60.4 Quarry in Ordovician Epler Formation on right.

0.4 60.8 Depressions and rolling topography on right,
characteristic of karst areas.

2.0 62.8 Right turn onto State Road 4070 (Cross Keys Road),
cross Schuylkill River.

1.3 64.1 Left onto private farm lane.

0.1 64.2 Cross railroad trac ::s, park on le-ft, disembark.

STOP 1. Railroad cut, sw / Temple quadrangle (Figure 5).

References: MacLachlan (1979)
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This stop includes exposures of the l ower Ordovician and
upper Cambrian sections. Represented here are the Ordovician
Rickenbach and Stonehenge (covered) Formations and the Maiden
Creek and Muhlenburg Members of the . Cambrian Allentown Formation
(Figure 2).

SCALE 1.24000F
I MILE

000 0 1000 2000 3000 4000 5000 5000 7000 FEET

5 7 KILOMETER

CONTOUR INTERVAL 20 FEET

Figure 5. Location map, Stop 1.

In Berks County, the Allentown Formation has been mapped
into three members that have been differentiated by recognition of
the more insoluble components in the residual soil (MacLachian,
1979). At this stop, about 70 percent of the Maiden Creek Member
is exposed. The upper part of the Muhlenburg Member is exposed
only for a short distance at the far end of the cut.

Begin to walk down the track (south) and stop at the first
outcrop on the left. Points of interest are numbered along the
route and correspond to the descriptions in the guidebook. The
stops along the track were picked out to emphasize the lithologic
character of the units and their relation to solution features.
Rather than discuss each stop, it is suggested that the group
examine the features, then meet under the bridge for discussion.
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Stops along the track;

1, , 3, 4, 5, and 6. 0-292 feet. Outcrop of the Ordovician
Rickenbach Formation. As described by MacLachlan (1979): The
l ower part of the Ordovician Rickenbach Formation is
predominantly a medium- to dark-gray, coarsely crystalline
dolomite whereas the upper part is a medium to
medium-light-gray finely crystalline dolomite. Some partly
dolomiti:ed limestone beds, chert beds, nodules, and stringers
occur.

Note the cherty nature of the unit and how it is weathered. The
characteristic weathering of the chert is used as a mapping
criterion. Also note the laminated dolomite and the sandy
nature of the dolomite in places. ©f interest is the weathering
along the bedding and fracture surfaces. Note the particularly
high degree of weathering near chert layers at 2 and 3.

At 4 note the sculptured appearance of the bedrock. The
IN solutioned portions of the bedrock has developed along fracture_

planes. Remnants of calcite along the joint surfaces may
indicate that the joints were Originally filled with calcite
and thus were more prone to dissolution than the more dolomitic
non-fractured, component of the beds. It is also possible that
the dol.omitication of the beds was incomplete and that the
limestone or magnesian-rich limestone was eroded throughout,
but preferentially along the joints and bedding surfaces. Again
note the sandy te:,ture. This may play a part in abrasion
(mechanical weathering) along the fractures when groundwater
levels were higher in the past. A small solution opening is at
the top of the exposure.

At 5 note the laminae. The laminae could be algal in origin.
Note the fine grain size and that it is relatively free from
solution features. The surface to the right is probably
bioturbated.

At eS one may get the impression that the beds in this section
are cyclic and that the solution features are dependent upon
grain size, fracture and bedding attitude, and the degree of
diagenesis. The dolomite beds that are sandier appear to be
more weathered. The weathering is more intense along fractures
and bedding surfaces independent of grain size and depending
on the diagenetic history, (calcite-filled fractures,
incomplete dolomitization or cherti-fication), the joints were
subject to varying dissolution rates.

29.E-771 feet. No stops in this interval. The Ordovician Stonehenge
Formation and contact with the upper Cambrian Allentown
Formation is covered in this interval.

Stops 7-32. 771-2405 feet.

Outcrop of the Maiden Creek Member of the Allentown Formation.
It extends another 70-100 feet past stop 32 where it comes in
contact with the shaly upper part of the Muhlenburg Member. As
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described by MacLachlan (1979): The Maiden Creek Member is
primarily a medium to medium-dark: gray, thick-bedded dolomite
and magnesian limestone. Dark-gray chart stringers and nodules
are common and characterize the float. Dolomitic, laminated,
detrital carbonates with abundant silty to sandy laminae is the
principal lithotype. (Note: See Aaron (1971) for further
discussion of depositional cycles and lithotypes far- the
Allentown Formation). Pelletoidal calCarenites are common;
conglomeratic, stromatolitie, and oolitic beds less so. The
stromatolitic beds are more or less restricted to the upper go
part of the section. The oolitic beds are more abundant and
more widely distributed in comparison, and are most commonly
observed in association with stromatolitic beds. The percentage
of insoluble residue for the Maiden Creek ranges from 8-15
percent and can be as high as forty percent (MacLachlan, pers.
comm.)

Stops 7-11.

Footage: Stop 7 at 820 feet, stop B at 830 feet, stop 9 at 990
feet, stop 10 at 917 feet, stop 11 at 931.5 feet.

Note the finer grain size (7, B, 9) and laminated character (8,
9) of the beds. The beds also appear more massive and more
limey in the upper part of the section. Thin shale beds become
apparent (9). Some fossil fragments, perhaps the inarticulate
brachiopod Qrbiculofdea, may be found in the shale along with
small blebs of pyrite and hematite. Beds containing
stromatolites (10) are also present but are not common. Chert
is also present (11) but comprises only a minor portion of the
Maiden Creek: overall. Solution features Occur along fractures,
bedding contacts, and along faults. Note again at 1.1 the
dissolution in respect to the chert.

Stop 12 at 1067.5 feet. Note soil filling along fracture and
bedding planes. Possible fault.

Stop 1 at 1108.5 feet. This stop takes a look at the rock used
in constructing the retaining walls along the track. Note the
variation in the weathering pattern of the different laminae.
Differential weathering of the laminae may enhance the effect
of groundwater along linear tracts of more soluble carbonates.

Stop 14 at 1249.5 feet. Probable fault on right side of track;.
Note solution features. Pocket in middle right is filled with
silt and clay residuum probably left over from the leaching
out of the carbonate minerals. This is also abser-ved in other
stops along the track.

Stop 15 at 17701.5 feet. Storm or intertidal deposit about ten
inches thick Note coarse grain size and "floating clasts" of
finer-grained material. Small fault approximately three feet
from ground level (note offset in storm bed). Laminated beds to
the right., Chart stringers about ten feet to the right of storm
bed.

Stop 16 at 1330.5 feet. Small solution openings on right of



11

tracks. Note orientation of openings with respect to bedding
and joints. On the left side of the tracks, a small
stromatoljtic zone and chert globs.

Stop 17 at 1381.5 feet. Probable fault on right side of track.
Note presence of chert (in relief) . Possible stromatol i t i c zone
or differential weathering of laminae (leaching out of
carbonate, leaving more resistant siliceous layers in relief).T
ravertine-type deposit on overhang.

Stop 18 at 1482.5 feet. Solution cavities and joints on right
side of track at base of exposure.

Stop 19 at 1584.5 feet. Probable fault on right side of track.
Why is the retaining wall her-e^

1584.5 through 1768 feet. Dead zone.

Stop 20 at 1768.5 feet. Storm or intertidal deposit. Another
about six feet up section.

Stop 21 at 1839.5 feet. Solution cavities and joints. Possible
diagonally cutting fault intersecting bedding and joint planes.

Stop 22 at 1857.5 feet. Note float. Calcisiltite with carbonate
leached out. The float is from the thin, weathered out bed and
can be traced across to the right side of the tracks along
strike.

Stop 23 at 1868 feet. Note laminae in relief. possible algal
origin with bi oturbation. Laminae could also be enriched with
iron.

Stop 24 at 1947 feet. Solution openings along possible fault
(very little displacement) or joint.

Stop 25 at 2040 feet. Cave on left. Note criss-cross joints
just to the right of the cave.

Stop 26 at 2105 feet. Laminated beds. Note contorted appearance
in places. Solution opening an right side of tracks.

Stop 27 at 2157 feet. As outcrop begins to die out, pinnacles
become easy to discern from this perspective. After noting the
character of the carbonate bedrock along the track, it becomes
easier to imagine how the depressions and pinnacles formed and
how they are related to the dissolution process.

Stop 28 at 2263 feet. Solutioned openings and joints. Again,
the combination of joints intersecting bedding planes exerting
control on solution features. Leached calcisiltite in float.

Stop 29 at 2315 feet. Thin sand bed showing cross-bedding.

Stop 70 at 2331 feet. Stromatol i to zone about three feet thick..
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Stop 31 at :355 feet. Shale bed, beginnng to exit Maiden Creek
Member. Possible fault in here.

Stop 32 at 2405 feet. Under the bridge. 70-100 feet further
down the track is the contact to the Muhlenburg Member. As
described by MacLachian (1979); The Muhlenburg Member is a
medium-- to medium--light-gray, thick--bedded magnesian limestone
and dolomite. Detrital carbonates with abundant silty to sandy
laminae are typical; oolitic and stromatolitic beds are also
present. Calcareous sandstone beds up to five feet in
thickness are scattered throughout. A grayish-yellow-green
shale up to 24 feet in thickness may be present at the top. The
surface is characterized by sandy float fragments.

Return to bus.

0.1 64.3 Leave as we entered, right turn Onto Cross Keys Road.

65.6 Cross Schuylkill River, right turn onto Route 61
south.

(D.2 65.8 Cross Route 222,

0.5 66.3 Traffic light, turn left onto Tuckerton Road.

0.5 66.8 intersection 222 22 and Tucker-ton Road, turn right
onto Route 222 south.

0.8 67.6 Batch plant and stockpiles, Barks Products an right.

0..' 67.9 Quarry on right, turn left into parking area,
disembark.

STOP 2. E4erks Products quarry, se % Temple quadrangle (Figure 6).

References: MacLach i an (1979) ; Permit files, DER Bureau of Mining
. Reclamation

On July 24, 1984, a large rock slide occurred on the west
side of the quarry. The slide measured appro.:imately 600 feet in
length and caused considerable damage to the Conrail tracks and
nine freight cars that happened to be parked an the tracks when
the slide occurred. Factors which contributed to the failure of
the west wall included intersecting joints, collapse of the
bedrock due to dissolution, applied loads, blasting by the
company, and an undetected, high-angle reverse fault. The fault
was labeled as the single most controlling factor. Outside of the
damages to the railroad, the mining operation had to revise its'
plan of operation in order to prevent slides from occurring in thefuture.

The quarry operation is mining the Muhlenburg Member of the
Allentown Formation (see previous stop for a description of the
member). Boreholes, located just outside of the slide area,
indicated the presence of highly fractured and broken limestone,
brecciated beds, fractured zones, voids, open and closed Joints,



13

SCALE 124000
MJLE

1000 0 1060 2000 3000 4000 5000 6000 7000 FEET

KILOMETER

CONTOUR INTERVAL 20 FEET

Figure u. Location map, stop ^.

joints filled with calcite or clay, slickensided sur4aces, mud
seams, joints parallel to bedding, and shaly zones throughout the
bedrock. Depths of the boreholes ranged from 85i-200 feet„ From the
drilling data it was determined that there were LEP to six
predominant sets of joint ori entations in the qLLarry. Overall,
strike orientations of the major fractures were east-west,
nor theast-southwest, and nothwest--southeast. Dips ranged from
70-90 degrees.

As you look across the quarry at the west wall, you will
note the large open fractures at the north and south ends of the
slide area. The undetected fault, which became evident after the
slide, is located parallel to the scarp. The slide occurred afterthe mine blasted and removed a bench just to the right of the
slide area. As noted in the preceding paragraph, the drill logs
indicated a variety of features which could have served as planes
of weakness along the west wall. Figure 7 gives some idea of the
orientation of the joints taken From the drill logs with respect
to the slide scarp. The fault, fractured ones, particularly
those open and filled with clay, voids, slickensided surfaces, mud
seams, joints parallel to bedding, and shaly zones throughout the
bedrock probably served as points of stress release. The
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intersection of these points
a wedge of unstable bedrock.
bedrock, the presence of the
material at the toe of the w
failure.

of weakness may have combined to form
The inherent instability of the

fault y and the removal of supportive
est wall probably contributed to its

,_ .

Figure 7. Orientation of joints with respect to scarp (Parsons.,
Brinclkerhoff, Duade & Douglas, Inc. , New York. From DER Bureau of
Mining and Reclamation permit file.

When leaving, exit right onto 222 north.

1.." 69.2 Intersection Route 222 and Tuckerton Road, turn left
onto Tucker-ton Road.

0.5 69.2 Traffic light, intersection Tuckerton Road and Route
61, turn left onto Route 61 south.

0.5 70.2 Oil terminals on right, Muhlenburg Member of the
Allentown Formation.

1.8 72.0 Bear right onto Route 222south (also Routes 42 and
76) . Merge carefully'

0.3 77.3 Conrail overpass and Reading city limit.

0.4 72.7 Cross Schuylkill. River.
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1 . ^' 74.0 Cross Tul pehock:en Creek.

0.1 74.1 Exit and stay on Route CCC south/422 east.

0. : 	74.4 Road cut, Maiden Cree€--: Member s Cambrian i'l l ento .,n
Formation on right, Tulpe=hoc€ e' n Creek on left.

1 . 3 75.7 Road Cut, Cambrian Richland Formation.

0.8 76.5 Left lane, exit onto Business 222 south.

0.3 76.8 Traffzc light, right onto usiness 222 south, nett
lane through traffic light.

0.2
77.0 Left onto Carroll Street, McDonalds on corner.

0.1 77.1 Follow Carroll Street to stop sign, turn right and
par k at first available location, disembark.

STOP 3. Carroll Street sinkhole.

References: MacLachlen (1953) ; Pennsylvania Geological Survey case
file, Environmental Division
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Figure B. Location map, Stop .
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This stop is to introduce the participants to some of the
problems associated with carbonate bedrock in an urban setting.
The problems encountered here are not unique to the city of
Reading. This example is typical and it demonstrates the
complexity and uncertainty surrounding a collapse event.

Geology: The Site is underlain by the Cambrian Zooks Corner
Formation. The unit is described by MacLachian (198.3) as a
predominantly thin- to thick-bedded, medium-gray, very finely
crystalline dolomite. It is commonly silty to sandy and contains
numerous shaly beds. Limestone beds also occur, but comprise only
a small portion of the section. The site is bordered by two
faults. The College Heights fault lies approximately Zoo feet to
the southeast and the Fenhcrst Thrust fault lies approximately 500
feet to the northwest.

The sinkholes: Two main sinkholes are evident (Figure 9) .
Sinkhole A is approximately 10 feet in diameter and 4 feet deep.
Sinkhole 13 is approximately ii feet in diameter and 7 feet deep.
Sinkhole appears to be within a larger depression that measures
approximately 70 feet in diameter. Note the lean of the hedgerow
separating the two properties.

CARROL L. STR eE

1!g

12.

r
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l' !^
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131

Nor -ra Sa4b5

Figure 9. sketch showing the, location of subsidence areas A, E,
and C. Note position of water line breaks.
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Background: Water line breaks occurred on January 2 8 and February
1, 1988 (Figure 9). The day after the January break, two of ther
esidents in area (C) noted that some of the doors were not
closing properly. On February 1, it was reported by residents that
"running water" was heard under the street and that it had been
heard two blacks away. Water meters in the basements were also
reported to have been shaking noticeably. It was reported b y aresident that 1. 5 million gallons of water escaped during the
February break.

Coinciding with the February break, subsidence occurred at
(A) and (B). The duplex at (B) sustained severe structural damage.
Houses on the east side of Carroll street sustained damages in the
form of cracks in the walls and floors.

The facts:

1. The site is within an area of carbonate bedrock that is
characterized by having solution cavities.

2. There has been no history of sinkholes or foundation cracking
prior to the water line breaks. Homes in the area were built
during the period 1910-1920. Sections of the water mains were dog
up and were found to be in a highly corroded condition.

^. House foundations were reportedly not on concrete footers.

4. Evidence for discontinued utility lines was seen in the
basement of the house at (B)

5. There was no evidence for the existence of cesspools or water
wells in the area of the collapse.

b. Storm water from gutters at house (A) discharged into the area
of that collapse.

7. Conductivity surveys did detect a "zone ref weakness" roughly
100 feet in diameter around the sinkhole at (L) and that it
spanned Carroll Street.

8. The b inch water line discharged approximately 1.5 million
gallons of water over a three day period.

Discussion:

These factors raise a number of questions. Is there a
connection between sinkholes (A) and (B)? If the sinkholes are
connected, how does the broken water line fit in as a causative
factor? Did storm water drainage flowing from (p), via thec
onnection, cause the two sinkholes? Where did the water go from
the broken water line?

Note where the repaired sections of the street are located.
The section associated with the January break is in line with the
sinkhole at (A). What appears to be a water or sewer line leads
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down the driveway for an undetermined length (caps for the mains
are visible at the surface). This is also in line with the area of
the January break..

A possible scenario could go something like this. The water
line, perhaps due to its antiquated condition, breaks in January.
The water travels along the path of least resistance. One possible
route is into existing bedrock voids in the subsurface. Another
possible route is the annular area around existing utility lines.
The direction of flow could be either down Carroll Street, along
the length of the water line below the break, or along utility
lines perpendicular to the street. If the water travels along the
laterals, some of the water could enter (A) while some of it could
head towards (B) and (C) . Since the repair of the January break
was relatively quick::, no significant subsidence occurred on the
west side of the street. However, signs of subsidence became
apparent on the east side of the street (jammed doors). It is
possible that the January break may have removed support material
around the undamaged pipeline down—street, setting up the break in
February.

When the break: in February occurred, the scenario is
repeated. Due to the length of time the water ran (almost three
days), the amount of water pressure, and the quantity of water,
the process is accelerated. Enough water is released to cause
collapse at (A) and (B). Wash outs probably occur under Carrof1
Street creating the ":one of weakness." Soil on the east side of
the street moves towards the washout cone causing the -front end of
the houses at (C) to move towards the street. Since the houses
were not built on concrete footers, portions of the houses move
rather than the entire structure.

This is one possible explanation. Another one could be that
an existing sinkhole caused the water line to break and
subsequently caused the subsidence. It is possible but it should
be kept in mind that the processes that have formed the present
l andscape have been in operation for a very long period of time.
The stage has been set by nature but oftentimes it is the activity
of man that brings the curtain down.

Return to bus. Due to Kochanov's Uncertainty Principle, (the
Uncertainty of functioning restrooms at our lunch stop), you may
hoof it down to McDonalds. No longer than 15 minutes!

0.1 77.2 Proceed straight to stop sign on Grace Street, turn
right onto Grace Street.

0
.1 77.3 Intersection of Grace Street and Business ^Cy , turn

right onto Business 222, get into left lane.

0.4 77.7 Through traffic light, left onto Route 22 north/422
west.

0.5 79.2 Schuylkill River and city of Reading to right.

79.7 Split in road, exit right, stay on Route 422 west.

_..
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0.6 80.3 Proceed on ramp to Route 422 west and turn right at
light onto Tulpehocken Road.

0. 3 80.6 Turn right into Berks Leisure Park, bus proceed to
far end o-f lot and park in designated space.
Disembark for LUNCH.

Leave parking lot, left onto Tulpehocken Road.

0.3 80.9 Intersection 22 422Route 422, turn right onto 4^^;, west.

2.8 83.7 Entering Sinking Spring.

0.4 84.1 Junction Routes 422 and 724, stay on Route 422 west.

Ui 3.1 87.2 Borough of Wernersvj 1 l e.

1. 2 88.4 Wernersvilie State Hospital to left.

2.2 90.6 Enter Robesonia.

1.5 92.1 Heidelberg Family Restaurant on left.

1.8 93.9 Turn left onto Route 419 south, enter Womelsdorf.

0.4 94.3 Stop sign at West High Street, turn is-Ft to stay on
Route 419 south.

X7.2 94.5 Right on Second Street to stay on Route 419 south.

0.5 95.0 Ruins of lime kiln on right.

111 0.5 95.5 Lebanon County line.

0.8 96.3 Traffic light, center city, Newmanstown

3. 2 99.5 Ruins Qf lime kiln on left.

2.! 102.0 Schaef f erstown .

0.3 102.3 Stop sign center of Schaefferstown, right onto Route
419 south.

0.1 102.4 Traffic light, junction Route 501, turn left onto 501
south

I 0. 2 102.6 Road cut, Cambrian Schaefferstown Formation.

I

0.7 103.3 Crass from Cambrian carbonates into limestone
conglomerate of the Triassic Gettysburg Formation.

0.2 107.5 Turn right onto Michters Road.

0.8 104.3 Stop sign, intersection of Michters and Distillery
Roads, continue straight through.
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0.1 104.4 ;_eft into parking lot of Michters Distillery. Park:
and disembark.

STOP 4. Mi chter 's Distillery, sw X Richland quadrangle, (Figure
10) .

References: Adkinson (1987); Gray and ethers (1958); Wood (1980)

/ ThJrc
^; ^ ':.x^` i • ^^^ , se`s • : • "'^,

TO

_ -^ crhnstowTr),

SAD_ _
:...^^

SCALE :24000
1 MILE

1000 r 1 000 2000 3 00C 4000 5000 6000 7000 FEET

5 IILOMETEI^

CONTOUR INTERVAL 20 FEET

Figure 10. Location map of Stop 4.

Michter's Distillery has the distinction of being the oldest
operating distillery in America and is a National Historic
Landmark. It also possesses the smallest legal still in the
countr y.

The operation dates back to 17 when John Shank, a Swiss
Mennonite farmer , first started making the popular elixir. Whiskey
was an important product in colonial days. Indeed, it has been
said that whiskey from this distillery warmed Washington's troops
at Valley Forge (Adk:inson, 1987).

Michter's Distillery currently has three wells on their
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^~= property. These wells V --, -.s are .r•4^, y4.•, and 4B5 feet deep. Yieldsrange from 25 to 240 rpm, with static water levels r eported
between 12 and 16 feet below land surface. A 24 hour pump test
performed on one of the wells reported a specific capacity of T. 0Sgpm/+t.

Although the have been identified as "limestone wells" in
promotions for the distillery, this may not be technically
correct. Geologic maps of the area (Wood, 1980; Gray and others,
1958) indicate that the distillery is underlain by the Triassic
Gettysburg Formation. The Gettysburg Formation is comprised of
interbedded shales and s

andstones, with some quartz conglomerates
and occasional limestone co

nglomerates. Geologic maps indicate
that the lithology at the surface around Michter's is sandstone
and quartz conglomerate.

In order for limestone to be present in the "limestone wells",
two possible scenarios exist. The first is that the Gettysburg
Formation is very thin and the wells have been drilled through the
clastic material into the underlying carbonate Unit, the Buffalo
Springs Formation. This seems unlikely in that no such account of
solid limestone is recorded in the driller's log. The geologic map
of the Richland quadrangle (Gray and others, 1958) indicates that
the Gettysburg F

ormation is Present at a depth greater than the
wells have reached. A more likely possibility is that the wells
have encountered a limestone co

nglomerate at depth. Limestone
conglomerate is mapped to the northeast of the distillery and may
exist at depth beneath the distillery. The source for the
carbonate components of the co

nglomerate is the Cambrian limestone
and dolomite to the north of Michter's.

The driller ' s log for one of the wells mentions that "allsorts" is present at a depth of 212-444 feet and " c
onglomerate

with sandstone and all sorts" is present from 444-435 feet. While
the technical term "all sorts" may be unfamiliar to those outside
the drilling profession, it does imply that a different lithology
(probably co

nglomerate) is present besides the shale and
sandstone.

Geophysical well logs available for one of the Michter's
wells indicate that either a clean sandstone or calcareous rock: is
present between 60-360 feet. The logs also suggest that the
greatest porosity also occurs at these depths. It is most likely
that this i s the zone from which the greatest portion o-f the wellyield is occurring.

Exit parking lot, right turn onto Michters Road.

0 .1 104.5 Stop sign, turn left onto Distillery Road.
1.4 105.9 Stop sign, i

ntersection Distil lery Road and Route419, t:rn l eft onto 419 south.

4.4 11 0.3 South on Route 419 to stop sign in Cornwall Borough,
turn right to stay on 419 south.
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The Cornwall magnetite deposit occur-s just to the south. See
Lapham and Gray- (1972) for further information on the geology and
mineralogy of this pyrometasomati c ore body. Also see Geyer and
others (1976) for reference to mineral collecting.

0.1 110.4 Bear left to stay on Route 419 south.

1.2 111.6 Traffic light, village of Quentin, intersection of
Routes 419 and 72, proceed straight on 419 south.

0.4 112.0 Caution'. Sharp bend in road. Turn right onto Route
: '?C west.

1.0 113.0 Atlantic tank farm on left.

2.2 115.2 Large sinkhole in field to the right.

3.3 118.5 Closed depressions, bath sides of road,

1.E3 120.3 Dauphin County line.

1.1 121.6 Milton Hershey School on left.

`. 4 125. 0 Continue on Route 322 west, BU l l f rog Valley Road to
the left, active sinkhole area. See Geyer and Sccolaw
(1979) for an account of one of the periodic collapse
events to take place at this location.

1.2 126.2 Exit right Hummelstown, turn left at stop sign onto
OLLarry/Waterville Road.

0.1 126.0 Cross Route 322 and make right (west) at the end ort
the overpass onto unnamed road adjacent to Route ?CC.

0.5 126.8 Stop sign, turn left onto Middletown Road.

0.1 126.9 Right turn onto access road to Indian Echo Caverns.

0.5 127.4 Park and disembark.

STOP 5. Indian Echo Caverns, sw % Hershey quadrangle (Figure 11).

References: MacLachlan and Root (1966); Smelt er (1964)

The main cave nicely illustrates solution effects controlled
by fractures. The two branches of the cave are developed along
orthogonal master joints (Figure 12). The lesser features of the
cave are also seen to be primarily controlled by jointing. Bedding
has only a minor influence. The less soluble dolomite beds are
often more eroded than the limestones because, due to their more
brittle nature, are much more intensely fractured. Preferential
development of Solution openings in dolomite beds because of their
fractured character is a common feature in the Lebanon Valley
( MacLachlan and Root, 1966)
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Figure 11. Location map, Stop 5,

A description of the cave by Smeltzer (1964):

"The principal entrance to the cave is at the rear of a
cuffed re-entrant, 105' wide, 125' deep, and 3:3' high, Opening on
the north bank of Swatara Creek.

"A masonry wall encloses the entrance, which is 25' wide and
12' high. Just within the entrance doorway there is a conspicuous
speleogen in the form of a double level ceiling dome about 5'
deep. The cave floor slopes into a broad corridor, with a 10'
ceiling, extending northeast far 1100'. On the left, walls and
ceiling are arched along vowed bedding planes. The right wall is a
series of inverted step-like ledges across flat beds. A path
between widespread f I owstc-jne mounds leads from the north side of
the entrance corridor to the Wilson Room, 40 by 20'. This is the
room in which the "Pennsylvania Hermit", Amos Wilson, made his
home for 19 years. The ceiling is higher here, up to 28', and
there are sizable speleothems.,"
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Figure 12 Map of Indian Echo Caverns showing direction o+ master
joints (Stone, 1930; MacLachlan and Root, 196).

"From the juncture of the Wilson Room and the entrance
corridor, a large collapse chamber, 50-75 wide and 4-15' high,
l eads northeast for 140 .There are two routes through here: one is
a cement path and stairs across the tap of the breakdown blocks,
the other follows the south margin of the chamber, along the side
of the fallen blocks. The top route is the most scenic, as it
passes Mirror Lake, a shallow pond surrounded by columns and
stalagmites of various sizes and shapes. The lower route offers a
close view of the fallen blocks, some of which are cf flowstonv, 4
feet thick. Fissures through the breakdown follow the joint
pattern."

"The breakdown becomes a ridge extending into the vast Ball
Room. The area known as the Ball Room is 2 feet wide, 88 feet
l ong, and up to 43 feet high, but the huge collapse chamber
flaring into it gives it a larger appearance. The northeast and
southwest walls are covered by a massive deposit of terraced
f1owstone. A prong, 20 feet above the north corner of the room
(Hanging Garden) is filled with large fluted columns and
stalagmites. The floor of this upper level projects into the Ball
Room as a balcony of solid travertine that must have once rested
on a deep fill."

"A passage running northeast from the Ball Room, to another
entrance to the cave, is called East Canyon, For 26 feet it is on
two levels, the upper one being adorned with large speleothems. It
continues as a V-shaped meandering canyon 38 feet high and 66 feet
long, terminating in a room 60 Meet long, 25 feet wide and 7-27
feet high. The floor of the room slopes steeply upward toward a
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small opening into the bottom of a collapse sink. The middle
section o ff the East Canyon has a number of wall packets and a
portion of the original rock floor, with shallow basins in it."

"The second branch off the Ball Room is the North Canyon. It
i s over twice as long as the East Canyon and is the most beautiful
part of the cave. At the north corner of the Ball Room a narrow
passage slopes down 2 feet to a small room with a ceiling.
composed of asymmetrical cups. Weird pendants, separated by
half-tubes, hang from the undercut south wall of the room. The
passage continues as quite narrow when compared with the outer
part of the cave. On the left the ceiling is 9-12 feet high, but
on the right a ceiling slit develops into a connection with a
short uncommercialized room, 26 feet above. One enters the Rainbow
Room 110 feet from the beginning of North Canyon. This room is 36
feet long, 20 feet wide, and 37 feet high. Multicolored terraced
flowstone blankets the entire east wall; a particularly sparkling
deposit is known as Diamond Cascade. The passage continues, almost
in a straight line, under a travertine bridge and ceiling domes
which open into Upper pockets lined with speleothems. As in many
places along North Canyon, part of the lower wall rock has been
removed to allow easy passage. Folded strata is displayed here,
along with a large nodular inclusion. Forty feet Pram the Rainbow
Room a winding upper passage crosses the main one, 10 feet above
the pathway. This level again connects to the main passage 30 feet
further on, where one looks up to the left into a decorated
chamber-. A few feet farther an there is a fluted ivory colored
drapery under an ornate ceiling pocket (Mable's Room). Just
beyond, irregular dome-like cavities wind across the ceiling,
doubling the height. The domes develop into an upper level which
opens above a flowstcne cascade. In this area calcite crystals,
extending as far as 4-6 feet above the floor level, indicates a
former pooling of this part of North Canyon. At a distance of 124
feet from the Rainbow Room one ascends a short flight of stairs
and is confronted by Crystal Lake, a clear pool of water which
reflects many stalactites. A column in the pool is heavy with
crystals where it meets the water line. Here the ceiling is solid
travertine which has been eroded into a honeycomb, stained by iron
oxide. To avoid using the low natural passage through the pool, a
tunnel 40 feet long, has been constructed around it."

" Where the tunnel once more opens into the cave
passage there is the awesome sight of Diamond Fairyland. Cascades
of pure White glistening flowstone, 20 feet high, descend into a
crystal-lined blue-green pool. Amidst this white deposit there is
a lone dome of weathered orange colored flowstone, creating a
striking contrast. A wooden bridge leads across the pool for 40
feet to the and of the tourist's routs. Overhead, four ceiling
pockets are in line , along a cross joint. At the and of the bridge,
globulites protrude from a compound of white stalactites and
draperies. The cave continues from this point as a crawlway 76
feet long. A ledge above the south and of the bridge leads to 10
feet into a spectacular passage that is not shown to the tourist.
It is 35 feet long and runs across Crystal Lake, connecting to the
main passage below the steps. White speleothems in the form of
delicate carrot stalactites, thin columns, and rimstone dams are
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abundant. At the northeast corner of this passage, above a
flowstone mound, there is an unusual ceiling feature. The light
gray limestone has been etched into scores of small pendant forms,
all of them bent in the same direction."

The cave occurs in the upper part of the ©rdov:Lcian Epler
Formation. The Epler consists of thick interbeds qf -Finely
crystalline, medium-gray limestone and finely crystalline gray
dolomite. The majority of the cave is developed in the more
massive beds but thin beds are noticeable as projecting layers
near the ceiling of East Canyon (Smeltcer, 1964).

Again from Smeltzer (1964)

" Double level development of the cave and the subsequent
solutional coalescence of levels has produced the high galleries.
The fairly straight course of the main level in North Canyon, in
contrast with the meandering upper level, appears to indicate
development Under different phreatic conditions. Only remnants of
the higher level can be seen in the voluminous south part of the
cave. The balconies 1e- 20 -Feet above the floors of the Wilson Room
and the Dal  Room, and the Natural Bridge across East Canyon are
remains of an upper level . The broken -f l owstone blocks amidst the
breakdown between th Wilson Room and the Sall Room suggest the
subsidence of and upper level, which resulted in the large
collapse chamber."

"The pattern of the cave is that o ff a large scale
branchwork,k. Surface features indicate a system of collapsed
passages similar to the cave pattern. An irregular cliffed ravine
00 feet long, with phreatic features, follows the strike 20 feet
northwest of the cave ticket office. North of the ravine a valley
sink (ovals. extends east from Swatara Creek for 900 feet and is
200 feet wide. During 1959 York Grotto made and unsuccessful
attempt to enter a new part of the cave system, by excavating in a
collapse sink located 450 feet northeast of the sink entrance to
Indian Echo Cave, This is roughly in line, along the strike, with
East Canyon."

0.5 127.9 Return as you entered to intersection with Middletown
Road, turn left onto Middletown Road.

0.2 129.1 Cross Route 322 and turn left onto ramp to Route 322
west.

40.9 129.0 Continuing on Route 322 west, cross Swatara Creek.

4. b 133. Exit right, follow signs to 1-83 north/322 west to
Lewistown.

0.6 134.2 Left lane, onto ramp to I-83 north.

0.' 134.5 Merge onto 1-83 north.

3.2 137.7 Keep left onto 1--81 south.
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2.3 140.0 Exit 2, right to Cameron Street.

1,.' 141.;, Traffic light, intersection of Cameron and Elmerton,
turn right onto Wi l dwood Part,-; Drive.

0.1 141,4 Turn right into entrance to Harrisburg Area Community
College, bear right to parking lot, stop, get aff
bus, stretch your legs, find your car, drive safely,
go home, relax.

M
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