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FIGURE 1
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FIGURE 4

Verhical burvows in Cornwallis Cove.

Photo taken by Dr. G. Johnson,

ShiaAiies,



- Figuee 5




Flauee 7.

Lavse;scaje ceoss -heds n Cornwallic Cave.

Photos aken oy Dr.G. Johngon.
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FiIGLUR: 13A

Proes showinS Sractures in Cornwallis Cave.

Protoe  taken by Dr. G. Johmson
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Photos s\r\owin_g large -Soale cross-oedded sardls pith
Color C'run@e&.

Photos taken by Dr .6. Tohnson.
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Ficore 1l

Vhotos ghaw}na human 1M pack o Corrwntlhs Cave.

Photos ta ken bY Dr.G. Jphnson .
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Figure 8

¥oasurements of strike and dip of fractures in Cornwallis cave.

strike dip
1. %¥-8 78R
2. N60E 888V
3. ¥WI6E 74NE
4. §43v 818
5. E37V 708E

*measured in degrees
*point 1 is a face, all other points are fractures

¥magnetic declination is 7.5 degrees

eost o left wall

Approwimate locations of measuved Frochuves.
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FIGURE 4

Verhical burvows in Cornwallis Cove.

Photo taken by Dr. G. Johnson,

ShiaAiies,



- Figuee 5




Flauee 7.

Lavse;scaje ceoss -heds n Cornwallic Cave.

Photos aken oy Dr.G. Johngon.
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FiIGLUR: 13A

Proes showinS Sractures in Cornwallis Cave.

Protoe  taken by Dr. G. Johmson
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Photos s\r\owin_g large -Soale cross-oedded sardls pith
Color C'run@e&.

Photos taken by Dr .6. Tohnson.
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Ficore 1l

Vhotos ghaw}na human 1M pack o Corrwntlhs Cave.

Photos ta ken bY Dr.G. Jphnson .
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Corawallis Cave is a historic structure lacated ia Yorktown,
Yirginia, aloag the York River, on U.S. Hational Park Service land

{Figure 1). The park service has been investigating the cave, for it is

ing apart”, and the rate of deterication has creased in
the past decade.
This cave, thought to have beea occupied by Lord Cornwallis during
¥

the Revolutionary V¥ar, lies within the Coastal Plain of Virginia. 1t

cuts into the Yorktown Formation, which is comprised of shelly sands and

The cave's problem seems to be two-fold., First, there is grasular
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outside the cave. Second, there are fractures that run throughout the

T a result of
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cave structure.  The granular disintegrat
interactions between groundwater and the rock of the cave. The
combination of gravity acting on an unsupported slope and the cross—
bedded nature of the cave probably caused the fracture pattern. The
objectives of this study were to fry and discover posslible reasons for

kS

the failure of the cave.

HISTORY

e

Corawallls Cave was named after the British commsnder Lord

ion In the Selge of Yorktowsn




N N I B g g g 2 o b - .
is battle. JAccording to Hokesrade, Corawallis lad his

troops into Yarktown in August of 1781, and shortly thereafter,
Yashinglon followed wilth his troops. Vashington's earlier actions had

ied the Br

i

tish to assume that his attack would be at ¥ew York rather
than Yorktows, aad therefore left thea unprepared. lLafeyebte, a French
commander, held his broops in Yilllamsburg to prevent Cornwallis from
crossing the Jases River and moving southward to avoid Vashington's
troops.  From September 5-9, French aand British forces battled on the
water until the British realized that they were ocutnumbered, and began
to sall back to ¥ew York to make repairs. %ow Cornwallis was left on
his own to stand against both the troops at land and at sea. On

September 28, allled troops left Villiamsburg and began their march on

i

3

£

Yorktown. Meanwhile, Cornwallis had set up hi

Py

wadguartsrs at the
house of Thomas Felson. It is sald that at some point Corowallls was
forced to leave the Felson house and meet in a grotto, presumably what
is now known as Cornwallis Cave. An escape across the river was
attempted on the night of October 16, but a storm forced Corawallis to
bring his forces back. On October 18, both sides met at the ¥oore house
to discuss conditions of the surrender, and Cornwallis signed the

necessary papers on the moraing of October 19. Lord Cornwallis did not

&

surrender in person to the allies, but instead he sent his sword with

Geperal O'Hara to be presented to the victors. Om Beptembar 3,

ok

783, a
final treaty with Great Britain was formally ratified, and the United

States became an independent nation.



TOPOGRAPHY

Yorktown ls located on the south bank of the York River, in the
Coastal Plain of southeastern Virginia (Figure 1). The Coastal Plain
consists of a series of alternating plains and scarps that range from 90
feet to sea level 1o slevation {Johasoa, 1972). The lower York-Jauzes
Peninsula area contains a succession of plains that dip eastward

(Johnson, 1972). Yorktown Is situated in the Grove plain, just south of

the Camp Peary scarp (Johmson, 1972). (sse Figure 2)

STRATIGRAPHY

Cornwallis Cave culs into the Hoore House Hember of the Torkiown
Formation (Figure 3). The ¥oore House is characterized by cross-bedded
biofragmental sands which range in color from reddish to yellowlish-
brown., At Cornwallis Cave, these sand deposits have been cemented to
form a durable rock.

The Yorktown Formation, which crops out along the York River, is

overlain by the Vindsor Formation (Johascn, 1972). It ranges from the

Fall Zone ia central Virginia to the lower end of the York-James

"
o

ninsula in southeastern Yirginia, where 1t is its thickest at

o

approximately 500 feet (Gibson, 1970). The Yorktown is an upper
Pliccene deposit, which means that is was deposited around 3.4 to 1.6
willion years ago, and is composed mostly of sarine silt, sand, and
shell fragments (Johnson, 1972).

Cornwallis Cave is carved out of the ¥oore House Yember of the

Yorktown Formation, which overlies the Xorgarts Beach, Rushmere, and



1,

ig characterized by

o

Sunken ¥eadow ¥an he Hoore House
large-scale cross-bedded sands, which range in thickness from 3 feet to
15 feet or sore. At Cornwallis Cave, these cross-beds dip 24 degrees ¥V
{Johsson, 1972, The crocs-beddiag 1s thought to have forsed from water
mowing over an underwater shoal., As the flow of water was ohstructed
and slowed by the sheal, it's capacity to carry sediment decreased, and

the sediment dropped oul of solution. Since coarser sand grains are

heavier, they would have dropped out of the water first, followsd by the

fiper gralsed sand, resulting ia upwardly grading depasits (from coarse
to fine grain). This type of bedding would continue as water washed

over the shoal, making the large cross—beds thal are seen ian the

the cave face are evidence

e
=]
ot
.

2

formation today. The verltical burrows see

that these beds are in fact cross-beds, and not beds that have been

deposits iaclude abundant shell fragments, indicating a shallow, medium
to high energy, maripe depositional eavironment. Shells of Hulinia,

v fecten, Yepericardis, and Glycermeris are the most abundant
(Iohnson, 19727,

After these beds were deposited as loose sands, they were cemsanted

=

tog form a durable rock. Since it kaown that the cement is caleite,

as are some of the shells found in the deposits, it can be assumed that

o
oy
el

b
[

were the source of calcium carbonate for the cement. As

groundwater or salt spray from the nearby York River moved through the

E:w

eposits, and reacted with the carbon dioxide in the atmosphere, 1t

formed carbonic acid. The carbonic acid then began to leach away at the



calcium carbonate ia the shells, causing it to go into solution in the
water. The calcium carbonate would precipitate out either as a resuelt
of lack of carbon dioxide to react with the water, or, more likely, as

the water became saturated with calcium carbonate.

HETHODS AND ®ATERIALS

A thecdolite was used %o debermine elevations of the cave, which
were then used In preparing a contour map of the location (Flgure 5).
The inside dizensions of the cave were measured with a tape measure, and
plotted (Figure 6). Photographs were taken to show the nature of the
cave material, locations of fractures, and the large-scale cross-bedding
(Figure 7). A Brunton compass was used to measure strike and dip of
several of the fractures in the cave, and the cave face, and a general
sketch was drawn to show the locations of the measured fractures (Figure

83,

OBIECTIVES

As previously stated, there are basically two problems with the
cave: a type of granular disintegration, and fracturing. The granular
lsintegration is evident in the abundant grains that lie in piles on
the ground both inside and outside the cave. The grains are apparently
falling from the walls and ceiling quite easily, as they can simply be
remved by brushlag agalnst the cave surface. These gralas are sand-

ately 1

e 7

sized, betwsen approsxi One objective of

this study was to find out why




The second objective deals with the second, and perhaps more
dangerous, problem - the fracturing. There are fractures in the walls

well as in the cave cellling. SBome of

inside and outslde of the cave,

Lhese fracliures show novesent.

PRESENTATION OF DATA

Most of the data collected and presented ia this paper deal with the
theadalite readings. Readlngs wers taken for 28 polnts around and
top of the cave (Figures 9A, 9B, 9C, and 9D). A map was drawn while the

latigs

s“fi

thecdolite readings were belag taken in order to show the rs
locations of the poists measured (Figure 10). These polats wers then
plotted, along with their elevations (Flgure 11). The elevations were
used in order to draw a final contour map (Figure 5).

¥easurements with a tape measure were used to map the approximate
shape of the cave (Figure 6). A sketch of the location of the ceiling
fractures was drawn (Figure 12). Strike and dip measurements were made

o the cave and, the location of Lthese

[

for several of the fractures

4

fractures was sketched (Figure 8). Photographs of the cave were taken

in arder to show characteristics of the cave (Figures 134 and 13B).

he problem of granular disiategration can be atiributed Lo the
The rock is very

and barnacles.




g calaite, Although both s gonite are forms of

2

calcium carbonate, they differ in their rate of solubility. The
solublliity of aragonite is 00153 g/100cc at 25 degrees Celsius, and

-00180 g/100cc at 75 degrees, whereas Lhe solubililty of calcite is

-

-001425 g/100ce at 25 degrees and 001875 g/100cc at 75 degrees (Lide,

b

1980).  As groundwater moves through the rock, the aragonite shells are
preferentially dissolved. As they dissolve, the bond between the shell
and cement weakens and the shells fall out of the calcite cement (Figure
14). This produces all the granular material that is seen on the ground

all around the cave.

mitgide, some of which showsed movemsnt,
due to gravity acting on the unsupported dead weight of the cave
celling. Since the rock has been excavated ip order to make the cave,
all support of the ceiling rock has been removed. The ceiling rock is
an average of 20.105 feet thick (Figures 15A and 15B).

There are also some smaller contributing factors to the failure of
the cave. Human lmpact has added to the rate of granular
disintegration, as well as animals. Vegetation on top of the cave is
not only an additional welght on the unsupported ceiling, but the roots

also penetrate into the fractures. As the

cause the fractures Lo open up even more.

*

freeze-thaw, where water within the fracty

opens up bthe fractures, could




CORCLUSTIONS
Cornwallis Cave is deteriocatiag in two ways. First, there is the
process of graanular disintegration. This is caused by the movement of

CTHRTE. I ipes

aragonite shells, which then fall out of the rock

Secondly, the cave 1s also experienciag fracturing. The main reason
behind this seems to be the weight of the overlying rock of the cave
celling, which is not supported. Although there was work on relating
strike and dip of the fractures and the cross-bedding, the work proved

inconclusive.

RECOMMERDATIOES
Possible remediation includes linilng the entire cave with concrate
supports, as has been done in one corner of the cave recently. Of

s not an aesthetically pleasing choice. Another problenm

[
i

course, thi
that has not been fully addressed 1n this study is human impact on the

cave. laside and outside, there s graffitt! which has been carved iato

"

troe the cave ls aow closad off hy a metsl fance at the cave
mouth, a further step could be taken by fencing off the cave so that

]

even the exterior of the cave is5 not accessible to the public. This

also has a pegative effect though, 1n that it would decrease the

of dead weizght that
Lo}

he probless were solved or miti



shorellne,
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Figure 8

¥oasurements of strike and dip of fractures in Cornwallis cave.

strike dip
1. %¥-8 78R
2. N60E 888V
3. ¥WI6E 74NE
4. §43v 818
5. E37V 708E

*measured in degrees
*point 1 is a face, all other points are fractures

¥magnetic declination is 7.5 degrees

eost o left wall

Approwimate locations of measuved Frochuves.
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