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An understanding of buried soils allows us to extract information
about prehistoric climate and ecosystems from the geologic record.
Buried solls are easiest to understand by thinking about entire

land surfaces that become buried. That is, land surfaces that are
covered by geological material, such as volcanic ash, migrating
sand dunes, alluvium, or colluvium.

We also need to understand that the soil horizons that form in

soil reflect the climate and ecosystem in which they developed.
Grasslands have soils with a thick, dark surface horizon that

has a high content of organic matter. Deciduous forests have

soils in which clay has migrated down out of upper horizons and
accumulated in lower horizons. Tropical rainforests have deep soils
with highly weathered, iron-rich horizons.

Soils that are buried below the influence of the current environment
can be considered fossils and are named “paleosols.” For example,
the highly weathered, iron-rich horizons of a soil formed in a
tropical rainforest can remain in the geologic record long after the
rainforest is gone without a trace. Paleosols span the geologic

time scale from those buried within the last few centuries to those
buried billions of years ago. This planner illustrates how paleosols
help us understand the Earth’s surface in the prehistoric past.




Cool Temperate Forest

Alfisol Soil Profile
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Based on global fossils and changes in the ice of polar regions, we can
conclude that the climate changed from warm and humid in the Eocene
to cooler and drier—more temperate—in the Oligocene. Soils classified
as “Alfisols” form in temperate forests where chemical weathering has
not removed primary minerals and nutrients.

Fossil Alfisols are preserved in central Oregon in a part of the geologic
record associated with the Oligocene. These soils support the
conclusion that the Oligocene was temperate.
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Green
cyanobacteria
residing 1
mm below the
surface

Lichen Soil Crust

During the Silurian period, before vascular plants colonized the
land, biological soil crusts covered the Earth’s ancient landscape.
Cyanobacteria and lichens are examples of these crusts and are
still common in desert environments, such as those shown above.

Cyanobacteria exist in both terrestrial and aquatic environments.

They were the first to carry out photosynthesis and thereby
release oxygen into the atmosphere. Soils that formed after the
release of oxygen are red because oxidation turns iron minerals

red. Earlier paleosols are not red.
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The coals of today, such as the Tertiary coal seam in Montana shown above, were the
Histosols of yesterday. Histosols, also known as organic soils, form in wetlands when
vegetation falls into water and slowly decomposes in the absence of free oxygen.

Under the correct conditions, buried paleo-Histosols progressively change into lignite,
anthracite, and bituminous coal.
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Paleosols can record the expansion and contraction of deserts. Erosion is extensive in desert shrublands
because vegetation is sparse and soils are exposed. Erosion is limited in neighboring semiarid grasslands

where grasses hold soils in place. During desert expansion, erosion causes materials from upslope to bury

soils downslope. During desert contraction, the region is covered with grass, the landscape stabilizes, and
soil horizons form. A stacked sequence of paleosols at a desert-grassland boundary provides a record

of the desert expansion and contraction driven by natural cycles of climate change. The Pleistocene
paleosols in New Mexico are an example.
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Dinosaur Tracks

Soil formation, or “pedogenesis,” is the process

that creates soil horizons. Correlations between the
horizons and the environment make paleosols valuable
fossils with clues about former climates. Pedogenesis,
however, can also destroy fossils. If plant and animal
fossils are at shallow depths, pedogenesis turns these
fossils into soil horizons.

Shown above is an area where dinosaurs once walked
across a moist beach during the Jurassic period.

At that time, cycads were the most abundant plant
type. The once-moist beach and footprints survived
to become rock in arid Wyoming because they were
buried below the zone of pedogenesis.

Cycads

Dinosaur Footprint



April 2021 June 2021

s M T W T F S s M T W T F S

1 2 3 1 2 3 4 5
4 5 6 7 8 9 10 6 7 8 9 10 11 12
1 12 13 14 15 16 17 13 14 15 16 17 18 19
18 19 20 21 22 23 24 20 21 22 23 24 25 26
25 26 27 28 29 30 27 28 29 30

SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY

16 17 18 19 20 21 22

23 24 25 26 27 28 29

Memorial

30 Day 31



Warm-Humid Forest

“Ultisols” are a type of soil that forms in warm, humid forests. The formation takes thousands
of years. It occurs where primary minerals are weathered into clay and nutrients are leached
out of the subsoil by percolating water.

When Ultisols are buried and isolated by geological sediments, the horizons stop forming and
the resulting fossil soil provides evidence of a formerly warm and humid climate. Such is the
case for the red Eocene Ultisols exposed by erosion in South Dakota.
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Paleosols are common in landscapes that were buried by wind-
blown silt (loess) on the leeward side of barren flood plains and dune
fields. Like other paleosols, soils buried by loess record the climatic
and vegetative conditions at the land surface before burial. Loess
paleosols can be dated using a technique that measures the length of
time that the silt particles have been buried.

Most loess soils, which are primarily Pleistocene in age and linked
to glacial cycles, have been converted to agriculture. Loess soils are

some of the most productive soils on Earth.
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Slickensides

Miocene Vertisol in Oregon
displaying wedge-shaped peds

Vertisol with Gilgai Microtopography

How long can a buried soil remain recognizable given that pressure,
heat, and cementing fluids turn sediments into rock? It depends

on the “diagenesis,” or rock-forming processes, and the durability
of the soil features. The granular structure and organic matter in

surface horizons change faster than the subsoil accumulations of

clay, ratios of chemical elements, and the structural units “peds.”

Soils classified as “Vertisols” have wedge-shaped peds with
polished surfaces and distinctive microtopography that make
them some of the most easily identifiable paleosols in the geologic

record. They commonly stretch in age back to the Paleozoic.
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Dapplegrey Soill

1916 Soil Map

Los Los
Angeles Angeles

Naturally occurring tar pits into which prehistoric animals became entrapped provide a valuable
paleontological record. The tar pits near Los Angeles, CA, for example, contain fossils of Pleistocene
and Holocene animals. Although tar pits are at the land surface and are surrounded by recognizable
soil types, the tar pits themselves do not meet the definition of soil.

Interestingly, the pits near Los Angeles were once rangeland but have been progressively engulfed
by urban development. See the 1903 and 1916 soil maps above. NRCS is actively remapping some
areas to recognize the uniqueness of urban soils, such as the Dapplegrey soil.
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Volcanic Ash

Volcanic Ash

Calcic Paleosol

Volcanic eruptions bury surrounding landscapes with ash in a geological instant. If the ash
is deep enough to bury the soil below the zone of soil formation, the buried soil records the

climate in which it formed. If, for example, a buried soil contains calcium carbonate nodules,
we know that the climate at the time of burial was arid or semiarid. An example is the
Pleistocene calcic paleosol in New Mexico.
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Varve Layers

Dryas

Soil scientists describe layers that are mostly unaffected by soil formation as “C” horizons. Some
C horizons contain extremely valuable climate records. A prime example is varve layers, which

form at the bottom of glacial lakes. The layers provide a record of the annual vegetation changes as

Pleistocene glaciers advanced and retreated. The layers resulted because particles carried by spring
and summer meltwater were overlain by progressively finer particles and organic matter that settled
out in the winter. The record is derived from the fossil pollen and plant remnants in the layers. The
leaves of the Dryas plant, for example, are an important climate-indicator species.
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Not all paleosols are buried. By definition, a paleosol is a soil that
formed in a landscape of the past. Some surface soils, therefore,
are relict paleosols. An example is “patterned ground” in temperate
climates. Patterned ground is a term for well-define polygons and
stripes that form in arctic regions as the result of freezing and
thawing of the soils.

The example of patterned ground above is in West Virginia. Patterned
ground in temperate zones is a vestige from a Pleistocene Ice Age,
when colder climates existed farther south than they do currently.
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