Paleoclimate during
 the Redwall karst
event, Grand Canyon
National Park
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RAND CANYON NATIONAL PARK (FIG.

1) has ahways been known as a

Geologist's paradise (Kenny
1993). The rock formations exposed in
Grand Canyon (fig. 2) range in age from
the 1.7-billion-year-old Vishnu schist of the
Precambriun Era (exposed in the Inner
Gorge of the Grand Canyon), to the 250-
million-year-old Kaibab limestone of the
Pyleozoic Era (exposed along the north and
south canyon rims). Exposed upstream of
the park in the northernmeost portion of
Marble Canyon is the lower part of the
younger, 195-210-million-year-old Chinle
Formation (late Triassic Period). At the
western end of the park, 1.16-1.25-million-
year-old (Late Cenozoic Era) basaltic lava
Aows are also prominently exposed
(Hamblin 1994). Both the age and variety
of rock formations, in addition to the ex-
cellent exposure of these rock formations,
make Grand Canvon a spectacular area for
geological rescarch.

At first, it might seem that much of the
geological research has already been ae-
complished at the park, but the application
of new technology and instrumentation has
resulted in new geologic insight. Indeed,
ongoing field research has also added to
the baseline geologic information about
Grand Canyon {Beus 1989; Bloeser 1985).
This studv has combined both ficldwork
and new technology and has focused on
the Redwall Formation (Mississippian Pe-
riod).

The Redwall Formation

The Redwall Formation has been the
subject of numerous and diverse geologi-
zal and paleoccological studies. The Red-
wall was deposited in a warm shaflow sea
about 334 million vears ago and has many
well-preserved tossils. It consists primarily
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ever, much of the formation has been
stained red by iron oxide weathered out
from the shale of the overlying Supai For-

'A hard, dense. fine-rrained rock made up of sili-
cornd oxvgen. Flint is dark-colored varicty of
vhert

crinoid, coral, cephalopod,
brachiopod, and other fossils from this for-
mation. Additionally, scientists have also
been interested in the formation because
its upper member, the Horseshoe Mesa
Member, was exposed to the atmosphere
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for an extended period of time (approxi-
mately 325 million years ago} before the
deposition of the overlying Supai Forma-
tion sediment. During the time the Redwall
Formation was exposed to the atmosphere
(subaerially exposed), the limestone was se-
verely altered by chemical dissolution and
reprecipitation and developed a recogniz-
able karst (limestone) topography replete
with caves, caverns, sinkholes, chert-lag
breccias, red-residual soil, and related so-
lution features. Detailed and ongoing re-
search on karst features (Kenny 1989) has
produced new insights into information
about the ancient terrestrial climate (Kenny
in press).

New karst features

During the Redwall karst event, chemi-
cal dissolution of the chert-rich limestone
preduced numerous large- and small-scale
features. In many areas of northern Arizona
{outside and south of Grand Canvon Na-
tional Park), much of the limestone was
completely dissolved away, leaving behind
a heap of more chemically resistant, par-
tially weathered, and cemented chert brec-
cias or “lag” deposits. In some areas, these
residuai chert-lag deposits are quite exten-
sivelv developed (fig. 3). In other areas. such
as in the park study area, the residual de-
posits are not as well developed. In alk cases,
the chert-lag deposits are held together by

silica (quartz) “cement,” and locally con-
tain preserved soil features. These residual
deposits were cemented together by silica
that formed at or near the time of the
Redwall karst event, at or near the Earth’s
surface.

The cement that holds together the re-
sidual heaps of partially weathered chert,
also called secondary silica (Kenny and

ment is also chemically distinct. It is the
chemical distinction that has been used to
provide insight into the ancient terrestrial
climate, about 325 million years ago.

The ancient climate

Samples of the secondary silica cement
were chemically analyzed for oxygen and
hydrogen isotopic values. Each element

By studying the rocks and minerals, geologists have shoun that global
climate change is a natural phenomenon that has occurred countless

times in the geologic past

Knauth 1992), formed under very different
environmental conditions than the chert.
The chert formed under marine conditions
at approximately the same time as the lime-
stone was forming. The secondary silica ce-
ment formed under terrestrial conditions
much later than the already solidified chert.
The secondary silica cement also has forms
and features that are distinct from the chert,
owing, in part, to its formation under very
different environmental conditions. Figure
4 illustrates some of these unique forms of
silica. Both macroscopic and microscopic
studies reveul the presence of micro-
laminated, fibrous, botryoidal (like bunches
of grapes), and other forms of silica cement.
These distinctive forms of silica may have
formed under subaerial, terrestrial condi-
tions (2s shown by Kenny and Knauth
1992). In addition, the secondary silica ce-

that makes up the basic chemistry of the
silica has its own distinct isotopic value,
These values will remain relatively unal-
tered in silica until the mineral is either
destroyed by weathering or altered by rela-
tively high temperature and pressure. Since
the secondary silica cement was formed (or
precipitated) in the presence of fresh water
(on land), it is chemically (isotopically) dis-
tinct from the chert {also quartz) that actu-
ally precipitated in the presence of seawater.
This isotopic difference, dictated by the en-
vironment in which the mineral formed,
can be dlearly and unambiguously deter-
mined. The isotopie value for the silica ce-
ment can then be used to determine the
temperature at which the substance formed
because the isotopic value is also deter-
mined. in part. by the temperature at the
time of precipitation (see Knauth and
Epstein 1976; Kenny and Knauth 1992),
Using this information, we determined
that the near-surface temperature at which
the cement tormed was g balmy 27-28°C
(81-82°1"). These preliminary temperature
estimates are peologically reasonmable val-
ues and zre in agreement with the range of
temperature or climate needed to produce

Flgure JA ubove) Secondory silico depas:! at the tap af the Redwu.’
Formotion {Bass Canyan). The chemistry af the secandary silico was
used ta determing the ancient terrestriol temperature range.

Figure 3B (right). A chert-lag depasit at the top of the Redwol
Formgtign {Bass Canyan). Chert is more chemically resistant to erasion
ond dfsw!urfo i rhm he fimes torie motrix ong is considered evidence
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an extensive karst event. The paleo-
temperature estimates are probably a long-

term climatic average. The paleotempera-

ture estimates are significant because, until

recently, quantifying terrestrial paleoclimate |
conditions has been extremely difficult, if

not impossible.

Benefits of climate research
Modern global climate change is very

much on the minds of resource managers,

scientists, and the public. By

karsted. The Kaibab limestone may also
provide us with information about ancient

Grand Canyon is providing us with greater
insight into the climate of the geologic
past—a climate that helped produce the

stunning array of rocks exposed in Grand

Canyon National Park. P,

climate change from yet another interval
. of time. In the meantime, the research at
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modern society.

Finally, the research at Grand Canyon
can be used at other national parks and
monuments (e.g., Death Valley and Glacjer
National Parks) to quantify past climate and
climate change. But more work remains at
Grand Canyon! The 250-million-year-old
Kaibab Limestone (the rock formation that
makes up the rim of the Grand Canyon)
has also been subaerially exposed and

Figure 4. Some of the distinct forms and features of the secondary silica cement po
that precipitated during the Redwall korst event appraximately 325 millian years
aga: (A, abave) early marine chert; and (B, below) examples of secandary sifico.
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