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zone. The fin wall—a joint surface—is on the
left, and other members of the joint zone are
in the background. Between the vertical, fin-
bounding joints are a series of inclined frac-
tures that connect the vertical joints. Based
on the rules for interpreting tail and bridge
fractures, one can determine that inclined
joints that nucleated from upper terminations
of vertical joints grew up and to the left. Still
other inclined joints nucleated from the lower
end of vertical joints and grew down and to
the right. The directions of propagation are
shown in Figure 11b. In the view of the pho-
tograph this gives a sense of shear of down-
to-the-left (down to the northeast), similar to
that associated with Parallel Arch (Fig. 10).

Broken Arch (Fig. 3) also has a complex-
looking fracture pattern that initiated from
the tips of joints paratlel to the fin boundaries.
Several vertical fractures are connected by a
series of bridge fractures. Here, several of the
vertical fractures and most of the bridge frac-
tures terminate at a lithologic contact be-
tween the Slickrock and Moab Members of
the Entrada Sandstone. By acting as an in-
terface—the bridge fractures could not cross
the lithologic contact—the contact has
helped to form an intact roof for the arch.
This interface probably has some shear off-
set, which contributed to the formation of the
intense bridge fractures close to the interface.
Nucleation of fractures at a lithologic contact
may be responsible for fracture localization
close to the interface between the Slickrock
and Dewey Bridge Members.

The fracture patterns described above
have been identified in all the arches we have
looked at. Skyline and Eye of the Whale
Arches are controlled by tail and bridge frac-
tures that formed at the tips of horizontal dis-
continuities that were sheared. A spectacular
example of this phenomenon may be seen in
the Tower of Babel (Fig. 6). Navajo, Double,
Partition, Onion, and Tunnel Arches in the
Devils Garden region have well-developed
bridge fractures, which originated from the
fin-bounding joint zones.

Because intense fracturing commonly ini-
tiates on one side of a rock fin, it is possible
for the opening to be much larger on one side
of a fin than on the other. Such is the case
with Eye of the Whale Arch and Baby Arch,
which is located next to the Tower of Babel
in the Park Avenue area. When Baby Arch is
viewed from the road, the east side of the
rock fin, only a small opening is visible in
pristine-looking rock. From the west side,
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one can see intense localized fracturing and a
much larger opening. The arch appears to be
enlarging by erosion of fragmented rock from
the west side.

SUMMARY AND CONCLUSIONS

In this paper we have described a consist-
ent mechanism—Ilocalized intense fracturing
due to shear on existing discontinuities—for
localized erosion in rock fins to produce the
arches in Arches National Park. The unusual
number of arches is related to the tectonics of
Salt Valley—the development of the anticline
and its subsequent breach and collapse.
These events produced zones of joints. Shear
along vertical and horizontal discontinuities
could have occurred at almost any time in the
evolution of the anticline. The shearing is
probably a result of the jostling of joint-
bounded blocks as the anticline grew and col-
lapsed. Weathering and erosion along the
zones of joints formed the rock fins, and ero-
sion of the local zones of intense fracturing
formed openings in the rock fins, producing
arches.

There is no need to invoke reasons such as
weak cement, unloading, or exfoliation to ex-
plain the presence of arches, especially when
these processes act on similar rocks in nearby
regions without producing the same abun-
dance of arches. Some of these processes
may act on arches, but they are not the pri-
mary agents responsible for the initiation and
formation of an arch.
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