

































































from one period to another was very long, and the changes which
developed in the earth’s surface were very gradual and overlapped
from one period to another.

Ground water is the water stored in the rocks under the surface
of the earth. If geologists know the kind of rock in a given area,
they can usually tell approximately how much water the rocks are
likely to yield. For this reason, all the rocks underlying the area
have been carefully listed and described.

The person willing to leave the main roads may see all these
rocks a short distance from El Morro.

Precambrian Rocks

The oldest rocks in the El Morro region are igneous and meta-
morphic rocks of the Precambrian Era. (See fig. 7.) These
Precambrian rocks could be 600 million to 3 billion years old.
They have had a turbulent history. They were squeezed, con-
torted, and torn, and great masses of magma and narrow bands
of quartz from the interior of the earth were injected into them.
Some of the magma spewed out on the surface as lava flows. The
intense heat and pressure subsequently converted the sediments
and lava into metamorphic rocks. Lofty mountains were built
and then eroded away. No traces of primitive life are evident in
these rocks, but that does not necessarily mean no life was ever
present. Such traces may have been destroyed by the intense
heat and pressure to which the rocks were subjected.

The bands of quartz are more resistant to erosion than the gra-
nitic rocks that enclose them, and several can be seen in low ridges
along the road across the Zuni Mountains between Ice Cave and
Grants. (See fig. 5.) They are easily discerned because of the
large amount of white quartz fragments strewn over the ridges.

Rocks of Paleozoic Age

The Paleozoic Era of geologic time began about 510 million
years ago and lasted about 330 million years. However, only a
small part of this time is recorded by the rocks in the vicinity of
El Morro. If rocks were deposited in the region during the first
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300 million years of the Paleozoic Era, they must have been later
completely removed by erosion, as there is no evidence of them
now. However, rocks of one of the later subdivisions of the Paleo-
zoic Era, the Pennsylvanian age, lie over the Precambrian rocks.
(Seefig. 7.)

The Pennsylvanian rocks range in age from about 235 to about
205 million years. The central interior of the United States was
a vast lowland at the beginning of Pennsylvanian time, and part of
the continent was submerged intermittently below the seas. Dur-
ing much of this time, El Morro region was a highland sur-
rounded by seas, but the sea advanced temporarily into the area of
the Zuni Mountains. We know this because marine fossils have
been found in sedimentary beds of limestone and shale.

The brown and gray Pennsylvanian rocks are in areas of low
relief bordering the central part of the Zuni Mountains on the
southeast. The secondary road between Ice Cave and Grants
(fig. 5) crosses some of these rocks about 10 miles north of Ice
Cave. Pennsylvanian rocks do not exist beneath El Morro itself.

The latest subdivision of the Paleozoic Era is the Permian,
which began about 205 million years ago and lasted roughly 25
million years (fig. 7). The central interior of the United States
was a vast basin during Permian time. El Morro region remained
above the seas during all of Early Permian time, but eventually
it too was drowned by an advancing sea.

Rocks of Permian age in this region have been divided into four
major sedimentary units, based on differences in the rocks that
were deposited in the changing environment. These four units
have been named, from bottom to top, the Abo Formation, the
Yeso Formation, the Glorieta Sandstone, and the San Andres
Limestone.

The Abo Formation consists of thin beds of brown to brownish-
red sandstone, shale, and conglomerate. Fossils are sparse, except
for a few species of small plants. These features indicate that the
formation was deposited on the flood plains of streams on a nearly
flat surface.

The formation is soft to very hard, and it forms alternating
slopes and cliffs where it has been eroded. The best exposures of
these rocks are in the lower parts of high escarpments and in areas
of low relief bordering the central part of the Zuni Mountains. A
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few outcrops can be seen along the secondary road between Ice
Cave and Grants, N. Mex. (fig. 5); better exposures can be seen
along the road between Ice Cave and McGaffey.

The lower part of the Yeso Formation consists of pale-red sand-
stone. It is soft to hard and forms low rounded ridges or steep
cliffs where it has been eroded. The physical character of the
sandstone indicates that it was deposited by the wind as massive
sand dunes in a wide expanse of desert.

The upper part of the Yeso Formation consists of red sandstone
and shale and gray limestone. Gypsum, a soft white rock that
formed on the bottom of shallow seas as the water evaporated, is
also present as thin beds and a dispersed material in the sandstone
and shale. Where eroded, the Yeso consists of nearly vertical
cliffs. The beds of limestone contain the remains of marine shells,
which show that the region was submerged below the sea during
part of the time when the Yeso Formation was being deposited.
The beds of shale record intervals during which the region was still
submerged below the sea or was a little above the sea, and deposi-
tion was on broad mudflats or deltas.

The Yeso Formation is best exposed in the walls of deep canyons
on the slopes of the Zuni Mountains and in high cliffs around the
central part of the mountains. The lower part of the formation is
best exposed in areas of low relief circling the central part of the
mountains. The formation is well displayed along the roads be-
tween Ice Cave and Grants and McGaffey (fig. 5), and the strik-
ing red color of these rocks adds much to the scenic beauty of the
Zuni Mountains.

The Glorieta Sandstone is light-gray to buff, and in some
places it is red. The grains of sand are uniform in size, and they
have been firmly cemented with minerals that make the rock very
hard. This sandstone was deposited along the coast or in shallow
water as the seas again covered the region.

The Glorieta is best exposed as the caprock on high cliffs and
on timbered slopes in the Zuni Mountains. It can be seen in the
canyon walls along the mountain road between Ice Cave and
Grants. (See fig. 5.)

The San Andres Limestone is medium to dark-gray limestone
and limy sandstone. Remains of seashells are common in the
limestone. This marine limestone attests to the complete sub-
mergence of the region beneath the Permian seas.
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The limestone is best exposed on broad slopes on the north,
east, and south sides of the Zuni Mountains. The steep, south-
west-facing mountain front that can be seen from El Morro is
capped with the San Andres. The formation can be seen also
along the road betwen Ice Cave and El Morro and in canyon
walls between Ice Cave and Grants. (See fig. 5.)

The San Andres Limestone furnishes large supplies of water to
irrigation, municipal, and industrial wells near Grants.

Rocks of Mesozoic Age

The Mesozoic Era is sometimes referred to as the age of rep-
tiles, for it was during this time that the great dinosaurs roamed
the earth. The era began about 180 million years ago and
lasted about 120 million years. An incomplete record of its
three geologic periods—Triassic, Jurassic, and Cretaceous—has
been found near El Morro.

The Triassic Period began about 180 million years ago and
lasted about 30 million years. (See fig. 7.) The Triassic rocks
have been divided into two formations of sedimentary rocks
in the vicinity of El Morro—the Chinle Formation (shale, sand-
stone, and limestone), and the Wingate Sandstone. These rocks
were formed during a long interval in which the land rose above
the seas again, and rivers and streams deposited material in the
valleys and on broad plains.

The Chinle Formation consists of a colorful sequence of red,
gray, and purple shale, pebbly sandstone, and, in the uppermost
part, impure limestone. Gypsum is dispersed throughout the
formation. The beds of sandstone are firmly cemented, and
they form low cliffs and even slopes. Because most of the Chinle
is easily eroded, it commonly is exposed in areas of low relief in
broad valleys. Perhaps the most widely known of the Chinle
exposures are those at the Painted Desert and Petrified Forest
National Monuments in Arizona. Equally impressive exposures
can be seen on the flanks of the Zuni Mountains.

Petrified wood (wood that has turned to stone) is common in
the Chinle Formation. At the Petrified Forest National Monu-
ment, Ariz., the wood is brilliantly colored. However, at El
Morro it is mostly drab in color. The grain of the wood can be
distinctly seen in the rock.
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The Wingate Sandstone on the north flank of the Zuni Moun-
tains was deposited as dune sand in a desert. The Wingate
south of the mountains, in contrast, was deposited as sand, clay,
and pebbles on flood plains, and in lakes or inland basins. It
consists of pale-red, very fine grained sandstone. The best ex-
posures of the formation are in the lower parts of cliffs on the
slopes of the Zuni Mountains and south of State Highway 53
from 5 to 10 miles east of Zuni. (See fig. 5.) The bright-red
cliffs of Wingate Sandstone east of Zuni contrast sharply with
the green of juniper and pifion trees. Many of the houses in
Zuni are made of stone quarried from the Wingate Sandstone.

The Jurassic Period began roughly 150 million years ago and
spanned 25 million years. (See fig. 7.) Rocks of the Jurassic
age (also sedimentary) on the north flank of the Zuni Mountains
have been divided into several units as follows (in ascending
order): Entrada Sandstone, Todilto Limestone, Summerville
Formation, Bluff Sandstone, Zuni Sandstone, and Morrison
Formation.

A short distance south of U.S. Highway 66, the units lose their
distinctive characteristics, and near El Morro they are all called
simply Zuni Sandstone. This Jurassic-age unit is the sandstone
on which the inscriptions are carved at El Morro.

The Zuni Sandstone consists of white, light-gray, and buff to
pale-red very fine to fine-grained sandstone, containing some in-
termixed clay and silt. It also contains some coarse sand and
fine gravel in the uppermost part, but in general the particles are
uniform in size. This rock was formed from massive sand dunes
and stream deposits in a broad expanse of desert. The Zuni is
soft to hard and it stands in cliffs. The high red cliffs extending
eastward from Gallup, N. Mex., for many miles just north of
U.S. Highway 66 are Entrada Sandstone.

The Morrison Formation, another unit of the Jurassic rocks
north of U.S. Highway 66 (fig. 5), contains about 65 percent of
the uranium ore that is known to exist in the United States.
Most of the ore is found north of Laguna and in the vicinity of
Ambrosia Lake. Other important deposits are a few miles east
and northeast of Gallup.

The Cretaceous Period began about 125 million years ago and
spanned a time interval of 55 million years. (See fig. 7.) Only
a part of the Cretaceous rocks are represented in the region. In
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the vicinity of El Morro, these rocks have been divided into
three sedimentary units—the Dakota Sandstone, the Mancos
Shale, and the Mesaverde Group (shale and sandstone), from
bottom to top. These units reflect a marked change in the en-
vironment of the region from that of the Triassic and Jurassic
Periods. Once again the seas gradually rose over the land and
then receded. The Dakota Sandstone was deposited in streams,
lagoons, and in the margin of an advancing sea. The Mancos
Shale was deposited in a sea that covered the entire region, and
the Mesaverde Group was deposited along the coast and in low
swamplands as the land once again emerged from the sea.

As shown in figure 7, the Jurassic unit is the Morrison Forma-
tion, and the Cretaceous unit is the Dakota Sandstone. The
change from one kind of rock to another was accompanied by a
change in the environment, during which time the sea covered
the land. In many places, the contact between the two forma-
tions is marked by the presence of kaolin, a white clay. In some
areas the kaolin appears by itself; in others it is mixed with the
sandstone as a cement. This whitened zone is very distinctive
at Inscription Rock. The kaolinized cementing material probably
came from weathering of other minerals during the long interval
of time betwen the deposition of the Morrison and Dakota sedi-
ments. Where it appears almost pure, it may have been “formed
by local concentration of the fine, white clay in small, shallow
lakes on the old surface.” ** It indicates that a moist climate
prevailed during a part, at least, of the time betwen Jurassic and
Cretaceous deposits in this area. It is from clues like these that
geologists put together the puzzle of the earth’s history.

The Dakota Sandstone consists of uniform grains that have
been firmly cemented into very hard rock. It is relatively resist-
ant to erosion, and it forms the caprock on Inscription Rock and
on other mesas near El Morro.

At places the Dakota Sandstone contains medium- to dark-
gray shale and coal that were deposited in swamps ahead of the
advancing sea. The Dakota Sandstone is the reservoir rock for
much oil and gas in San Juan and Rio Arriba Counties, N. Mex.

The Mancos Shale consists of thin beds of medium- to dark-
gray shale and fine-grained sandstone, containing marine fossils.
Because the beds of soft shale in the Mancos are easily eroded, it
commonly is exposed in areas of low relief in broad valleys.

® Leopold, 1943, p. 62.
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From rocks we obtain many valuable products for our everyday
use. Near El Morro some of the rocks contain fluoride minerals,
coal, oil, natural gas, and uranium. Many of the barren rocks
cannot be excelled for natural splendor—even artists may fail to
capture their beauty in the changing light of day. As far as the
monument is concerned, however, the most important product
of the rocksis ground water.

Ground water is not found in underground lakes or streams, as
many people think. The water clings to the rocks and between
them. When it rains, part of the water is absorbed by the soil;
some runs off the soil into rivers and lakes, and the rest sinks
deeper into the ground until it eventually reaches and wets the
rocks beneath the soil cover. The rocks at some depth below the
earth’s surface nearly everywhere are wet, but geologists looking
for water have to find a supply that is free to come into a well.
Certain rocks lack adequate openings between the rock grains,
through which water can move. There may be water in these
rocks, but it cannot move fast enough to be of much use. In
other rocks the openings are larger and the water will move into
wells.

Each of the rock units in the vicinity of El Morro was carefully
examined to determine whether or not it was capable of yielding
adequate supplies of water to a well. Some rocks, such as shale,
can be ruled out immediately because the spaces between the
grains of rock are too small to permit movement of much water.
Also, shale generally contains a variety of minerals that are easily
dissolved. Only small supplies of water containing much dis-
solved material are generally found in shale.

Sand and sandstone differ widely in their capacity to store and
transmit water. Uniformly coarse sand generally yields large
supplies of good water to wells. Beds containing mixtures of
different sizes of sand grains yield less than those containing sand
grains of uniform size. Beds containing mixtures of sand and clay
yield even less than those of pure sand. Sandstone is made of
grains of sand cemented together by various minerals. Because
the spaces between the grains are partly sealed up, sandstone
yields less water than sand. The pores in a very fine grained
sandstone or one in which grain sizes are mixed may be com-
pletely sealed and yield little or no water to wells.
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Limestone may be so dense that water does not move easily
through it, or it may contain many openings which permit easy
movement of water. The openings in limestone are caused by
solution of the rock along natural breaks. These openings be-
come larger as water circulates through them, and eventually
may become caverns. Wells of large yield may be drilled in
beds of cavernous limestone, but the water generally is hard be-
cause of a high content of calcium and magnesium carbonate
that may have been dissolved from the rock.

Metamorphic rocks and some igneous rocks are generally too
dense to store and transmit water. Volcanic-flow rocks (igneous
rocks) may be very dense, or they may contain many openings
caused by contraction of the rock during cooling. Intensely
broken volcanic-flow rocks are generally capable of yielding large
supplies of water to wells.

Superimposed on the igneous and metamorphic rocks under-
lying El Morro is an accumulation of sedimentary rocks. Most
of them are not very permeable. However, the San Andres
Limestone, of Permian age, and the Chinle Formation (sandstone
and limestone ), of Triassic age, 4 to 7 miles north of El Morro,
yield potable water in ample quantities.

A nearer source of water is the alluvium of Quaternary age.
Alluvium is the name given to sand and gravel washed away and
deposited elsewhere by streams. The Quaternary alluvium is the
only formation within 2 miles of the monument capable of yield-
ing adequate supplies of potable water to wells. The water in
the alluvium is of good quality, according to chemical analyses.
Alluvium is discontinuous in the area, and test drilling is necessary
to locate favorable occurrences of it and to determine its water-
bearing properties. The prospects of adequate water supplies are
best in the deeper buried valleys; that is, in areas where the allu-
vium has been covered by lava flows.

Much of El Morro lies in a valley which widens to the north-
east between Inscription Rock and a high cliff to the east. This
valley, which has been partly filled by alluvium and basalt, is
tributary to a larger valley that trends westward of the monument.

Five test wells were drilled in the northeast valley on the mon-
ument land. Alluvium was found below the lava flows in only
one of the five test wells. The yield of the alluvium in the well
was only 3 gallons per minute, which is far from adequate to
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supply the monument. The test drilling indicates that the buried
valley that crosses the monument is very narrow and that an ade-
quate supply of water probably cannot be obtained from wells on
monument land. However, the alluvium in a larger buried
valley just outside the north boun(iary of the monument seems to
contain a larger supply of potable water.

The Importance of Water

El Morro is a dramatic record of the unique mixture of cultures
in the old Southwest, as well as an interesting display of chapters
in the geologic history of our earth. Its story is a perfect illustra-
tion of the importance of water to any civilization. The Indians
settled on top of El Morro because of the pool at the base of the
rock. Spanish and American travelers planned their journeys
to stop at Inscription Rock because of the pool.

Now we have completed a full circle. People used to come to
the rock because of the water; now water must be brought to the
rock because of the number of people. So many visitors come
to see the inscriptions left by those who stopped to take advantage
of the pool that an additional supply of water had to be located.
We know from news stories that the distribution of our national
water supply may pose serious problems by the year 2000. Yet
it is hard to grasp this huge problem and understand it on a
national scale. Here at El Morro we can see it demonstrated as
though under a microscope. The more numerous the popula-
tion, the more rich and complicated our civilization becomes, the
more we need ample water supplies. Water is an indispensable
resource, even for a National Monument.
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