
Chapter 16
Loess Records

Daniel R. Muhs, Stephen R. Cattle, Onn Crouvi, Denis-Didier Rousseau,
Jimin Sun, and Marcelo A. Zárate

Abstract Loess is aeolian sediment, dominated by silt-sized particles, that is
identifiable in the field as a distinct sedimentary body. It covers a significant portion
of the land surface of the Earth and as such constitutes one of the most important
archives of long-term dust deposition. Large tracts of loess cover Europe, Asia,
South America, and North America, and smaller loess bodies are found covering
parts of Africa, the Middle East, New Zealand, and Australia. Loess thickness,
particle size, and carbonate content decrease downwind from sources, trends that
are powerful tools for reconstructing paleowinds. Many loess sections consist of
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relatively thick deposits of mostly unaltered sediment with intercalated paleosols.
Paleosols represent periods of landscape stability when loess deposition ceased or
at least slowed significantly. Studies from several continents show that loess in
most regions was deposited during glacial periods and paleosols formed during
interglacial and interstadial periods.

Keywords Loess • Glacial • Interglacial • Silt • Paleosol • Deposition •
Mineralogy • Geomorphology • Sediment • Stratigraphy • Geochronology •
Dispersal • Paleoclimate • Records • Archive • Aeolian • Quaternary

16.1 Introduction

Loess is aeolian (windblown) sediment and is one of the most extensive surficial
deposits on the surface of the Earth. Loess has come to be regarded as one of
the most important archives of long-term dust deposition and Quaternary climate
change. Combined with intercalated paleosols (buried soils), loess provides one
of the most complete terrestrial records of glacial–interglacial cycles. Loess is
distinctive in that it is one of the few Quaternary sediments that provides a direct
record of atmospheric circulation. Thus, given favorable circumstances, loess can
be used to reconstruct synoptic-scale paleoclimatology over millennial timescales.
Finally, loess is unusual in that it can be dated directly using methods, such
as luminescence geochronology, that require only the sediment itself. Thus, the
combination of loess deposits, fossil remains, and intercalated paleosols provides
a highly valued source of information of Quaternary paleoclimate.

16.2 Definition of Loess

Loess can be defined as sediment, dominated by silt-sized particles, that has been
entrained, transported, and deposited by the wind. It differs from other dust archives
(deep-sea cores, ice cores; see Muhs (2013a) for a review) in that it is found on
land and is identifiable in the field as a distinct sedimentary body (Figs. 16.1
and 16.2). Loess occupies an intermediate position in a continuum of aeolian
sediments, with an average particle size that is smaller than windblown sand (2–
0.05 mm) but coarser than long-range-transported (LRT) dust (typically <10 �m).
Commonly, loess contains 60–90 % silt-sized (50–2 �m diameter) particles, with
smaller amounts of sand (>50 �m) and clay (<2 �m). Some loess deposits are
more sand rich and others are more clay rich, but all have a dominance of silt-
sized particles. Loess is also much more poorly sorted than aeolian sand or LRT
dust. The wide range of mean particle size and relatively poor sorting can be
the result of (a) multiple sources, (b) clay-sized particles being transported as
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Fig. 16.1 Gallery of loess exposures from around the world, 1: (a) dissected loess plateau
landscape and Pleistocene loess exposed at Luochuan, Chinese Loess Plateau – “L” prefix indicates
loess units, and “S” prefix indicates paleosols; (b) Miocene Red Clay on the Chinese Loess Plateau
(section is �10 m thick, light bands are aeolian clay, and dark bands are paleosols) (photo by
Youbin Sun); (c) loess-like (fluvially and colluvially reworked) sediment exposed near Guatiza,
Lanzarote, Canary Islands, Spain (see von Suchodoletz et al. (2009) for detailed study); (d)
Pleistocene loess and paleosols exposed in the Ruhama badlands area, northern Negev Desert of
Israel

silt-sized aggregates (see discussion by S. Cattle below), (c) loess bodies extending
considerable distances from their sources, and/or (d) varying wind strengths over
time.

Loess thickness is highly variable. It can range from a few centimeters to
several hundred meters in thickness. Indeed, variability of loess thickness is
one of its advantages as a paleoclimate indicator, as we discuss below. Loess
deposits are commonly draped over preexisting landforms as a mantle, with thickest
accumulations in protected, low-lying areas or broad, flat, stable upland divides and
thinnest accumulations occurring on narrow, rounded hillcrests. Loess deposits can
be intercalated with other sorts of sediments, such as tephras, where there is active
volcanism, as is the case in Iceland, South America, Alaska, and New Zealand.
Commonly, multiple loess units are apparent in outcrop, separated by paleosols
that mark periods of cessation of loess deposition or at least periods when loess
sedimentation rates were greatly diminished.
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Fig. 16.2 Gallery of loess exposures from around the world, 2: (a) non-glacial Holocene and
Pleistocene loess at Bignell Hill, Nebraska, Great Plains of the USA (see Muhs et al. (2008)
for detailed study); (b) Pleistocene loess and paleosols exposed in a roadcut in the Palouse loess
country of eastern Washington, USA; (c) Pleistocene loess exposed in the Pampas region, northern
Buenos Aires province, Argentina; (d) Pleistocene loess and modern soil exposed on the Banks
Peninsula, South Island, New Zealand

16.3 Mineralogy and Geochemistry of Loess

Loess typically has a mineralogy that reflects a mixture of sources, but most loess is
derived from upper crustal source rocks. Exceptions to this include loesses derived
from mafic volcanic rocks in Iceland, parts of New Zealand, and parts of South
America. Elsewhere, on most continents, loess deposits typically include quartz,
plagioclase, K-feldspar, mica, calcite (sometimes with dolomite), and phyllosilicate
clay minerals (smectite, chlorite, mica, and kaolinite). Heavy minerals are usually
present but commonly are found only in small amounts. Bulk geochemical studies
show that the dominant constituent in loess is SiO2, which ranges from �45
to 75 % but is typically 55–65 %, reflecting a dominance of quartz. Lower
concentrations of quartz, feldspars, and micas in glaciogenic loess from North
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America are due to higher amounts of carbonate minerals (dolomite and calcite),
derived from dolostones and limestones that were traversed by the Laurentide ice
sheet (mid-continent) and valley glaciers (Alaska).

16.4 Genesis of Loess Deposits

Although few (if any) modern investigators doubt the aeolian origin of loess, there
is still considerable debate about the specific processes whereby silt particles are
generated before they are entrained by the wind. The issue is whether silt particles
in loess can be produced only by glacial grinding or if they can be produced
in sufficient quantities by other processes. Thus, the debate has been between
advocates of “glacial loess” versus those of “desert loess” (see reviews in Pye 1995;
Tsoar and Pye 1987; Smalley 1995; Livingstone and Warren 1996; Wright 2001a;
Muhs and Bettis 2003; Muhs 2007, 2013b).

The “glacial loess model” proposes that silt-sized particles are produced mostly
by glacial grinding of bedrock surfaces, deposition as till, reworking by fluvial
processes as outwash, and finally entrainment, transportation, and deposition by
wind. Glaciers are efficient producers of silt, and the close geographic association
of loess with glacial terrain supports this model.

“Desert” loess is a term that has been applied to aeolian silt generated in and/or
derived from arid or semiarid regions that were not glaciated. Silt-sized particles
found in what has been called desert loess may be derived from a variety of non-
glacial processes. These processes include frost shattering, chemical weathering,
salt weathering, fluvial comminution, and aeolian abrasion and ballistic impacts
(Wright 2001b). Examples of desert loess formed by these processes are given
below.

An often overlooked source of silt is particle inheritance from sedimentary rocks,
such as siltstones and shales. Silt is abundant in the geologic record. In fact, Blatt
(1987) estimates that fully half of the detrital quartz in the world’s sedimentary rocks
is comprised of silt-sized particles. Furthermore, silt-sized volcanic ash particles
form the major or at least a significant source for many of the loess deposits in South
America, Iceland, Alaska, and New Zealand. We stress that the multiple pathways
of loess particle origins are not mutually exclusive. It is likely that loess in many
regions has origins from both glacial and non-glacial processes, as well as some
silt-particle inheritance.

16.5 Loess Stratigraphy

Paleosols are common in loess sections (Figs. 16.1 and 16.2). In most regions,
glacial periods are dominantly times of loess deposition, whereas interglacial and
interstadial periods are dominantly times of soil formation. Thus, this alternation of
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glacial times of loess deposition and interglacial times of soil formation has been
correlated with the deep-sea oxygen isotope record of glacial–interglacial cycles.
In general, this model has validity, but when loess records are examined in more
detail, the stratigraphy is rarely simple. Perhaps a more realistic way to view the
system is to consider loess sedimentation and soil formation as competing processes.
When loess sedimentation rates are high, pedogenic processes cannot keep up, and
relatively unaltered sediment accumulates (Verosub et al. 1993; Muhs et al. 2004).
In contrast, when loess sedimentation rates are low, soil-forming processes extend
deeper into previously deposited loess. Thus, whereas in deep-sea or lacustrine
sediments, a case can be made for more or less continuous sedimentation, loess–
paleosol sequences are more complex systems, and distinguishing between sediment
and soil is not always an easy task. Examples of loess–paleosol sequences are
provided below.

16.6 Loess Geochronology

Precisely because sedimentation is not continuous in loess–paleosol sequences,
numerical dating is essential in loess stratigraphy. A particularly illuminating
example of this is the study by Stevens et al. (2007), where an extensive suite of
luminescence ages demonstrates that many loess sequences in China have been
affected by nonconstant sedimentation rates, diagenesis, bioturbation, and erosion.
Muhs et al. (2003), using a combination of radiocarbon ages, tephrochronology,
and inventory 10Be methods, show that loess sequences in Alaska contain numerous
unconformities. Today, the most commonly used methods in dating loess are
paleomagnetism, luminescence geochronology, radiocarbon dating, and magnetic
susceptibility (see review in Muhs (2013b)).

16.7 Paleoclimatic and Paleoenvironmental Interpretation
of Loess Deposits

Much valuable paleoenvironmental information can be obtained from loess–
paleosol sequences, particularly because loess covers large areas of most continents
(Figs. 16.3, 16.4, 16.5, and 16.6). Loess properties can change over a landscape, and
these variations can yield important clues about the paleowinds that deposited the
loess. Thickness of loess, particle size, and carbonate content, in general, decrease
away from sources (Liu 1985; Porter 2001; Bettis et al. 2003; Muhs and Bettis
2003; Muhs et al. 2004, 2008, Muhs 2013b). Reduction in sediment load downwind
from a source is inferred from decreases in loess thickness. Paleowinds can also be
inferred from the decrease in mean particle size away from a source, reflecting a
winnowing of the coarse load. With decreases in loess deposition rate away from a
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source, there is often syndepositional leaching, reflected in a decrease in carbonate
content. Thus, if a hypothesized loess source were a north-to-south-trending river
valley, a decrease in loess thickness and mean particle size to the east of the river
would imply northwesterly, westerly, or southwesterly paleowinds.

In contrast to unaltered loess itself, loess-hosted paleosols frequently yield
valuable information about interglacial or interstadial periods. Measurement of
magnetic susceptibility and other mineral magnetic properties has been one of the
most common approaches to interpreting paleoclimate from loess-hosted paleosols
(Verosub et al. 1993; Maher et al. 1994; Porter 2001; Porter et al. 2001; Singer and
Verosub 2007). Unfortunately, one problem that arises is that magnetic susceptibility
in modern, loess-derived soils in China is partly a function of particle size and
sediment accumulation rate (as a dilution effect), as well as climate. Porter et al.
(2001) show that both of these factors are spatially variable but highly correlated
with one another (and climate) across the Chinese Loess Plateau. Another approach
is to examine the degree of chemical weathering in loess-derived paleosols, as this
reflects past climate and vegetation (Muhs 2007).

Loess lacks many of the Quaternary paleoecological indicators that are com-
monly used in lacustrine or marine sediments, such as pollen, diatoms, ostracodes,
radiolaria, or foraminifera. Furthermore, it is rare for mammalian fossils to be
preserved in loess, although Alaska (USA) is an important exception to this
generalization (Péwé 1975). Fortunately, it is common for the shells of land snails to
be preserved in loess, and they are abundant in China, Europe, and North America
(see Liu 1985; Rousseau 1991; and Rossignol et al. 2004 for examples). Most or all
of these snails are extant species, and their modern zoogeography is reasonably
well established. Thus, it is possible to infer past climates during the times of
loess deposition by identification of extralimital taxa, i.e., those species that do not
presently live at a locality where they are found as fossils.

16.8 Global Loess Deposits

16.8.1 Europe

Loess is extensive over much of Europe (Fig. 16.3a; see also Haase et al. 2007;
Rousseau et al. 2007a). Although there is no source for loess at present, during the
last glacial period, potential sources included glaciogenic silt from the ice sheets
on Ireland, the United Kingdom, and Scandinavia, plus smaller ice caps at lower
latitudes on mountain ranges such as the Alps, the Pyrenees, and the Vosges. In
addition, the continental shelf areas of the present English Channel, Celtic Sea, and
the North Sea were subaerially exposed due to lowered sea level and were potential
dust source areas.

European loess deposits are distributed over three main zones (Fig. 16.3a).
Eastward to about longitude 15ı east, loess is found mostly (and is thickest) in
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a latitudinal band at about latitude 50 ıN, between the continental ice sheets to
the north and the Alpine glaciers in the south. Between longitudes 15ı and 25ı
east, the thickest loess sequences are mostly located south of the Carpathian arch.
Finally, eastward from 25ı east, the loess deposits are distributed in a broader
domain, corresponding to the wide Ukrainian and Russian plains. The loess deposits
show a distribution in close proximity with the major European rivers such as the
Seine, the Somme, the Rhine, the Danube, and the Dnieper.

Focusing on the past �40 ka, the Nussloch loess section, south of Heidelberg,
Germany, shows the most detailed and expanded record of this time interval
(Fig. 16.7). The Nussloch quarry is located at N49ı190 and E8ı430 and is situated
on the Odenwald Plateau, above the Rhine Valley (Antoine et al. 2001). The loess
accumulated through elongated structures described as greda, the main dunelike
morphology being built during the last glacial period, above the Arctic brown
paleosol named Lohne Boden and dated between 34 ka and 40 ka by luminescence
(Rousseau et al. 2007a, b).

The stratigraphy of the last glacial period at Nussloch shows that there are a
minimum of eight tundra gley paleosols (Antoine et al. 2009a, b). The alternation of
loess and tundra gley paleosols is interpreted as a series of loess–paleosol doublets
(Rousseau et al. 2002), and such stratigraphic successions are observed from one
dunelike landform to another (Antoine et al. 2009a, b; Rousseau et al. 2007a, b). The
use of a combination of 14C (Hatté et al. 1999) and luminescence (Lang et al. 2003)
dating techniques demonstrates that the last glacial period interval, corresponding
to the upper 13 m of the 18 m-thick last climate cycle sequence, lasted between
�40 and �15 ka. Thus, the sequence at Nussloch shows a very high sedimentation
rate over the last glacial period, although the tundra gley paleosols show that it
was episodic. This succession of loess–paleosol doublets was correlated with the
Greenland interstadial–stadial succession from DO events 8–2.

The upper Pleistocene record preserved in the Stayky (N50ı05.650, E30ı53.920)
loess sequence, located 1,800 km westward from Nussloch, south of Kyiv, along the
Dnieper River in Ukraine, shows a similar pattern, a succession of loess–paleosol
doublets, corresponding to the same time interval (Fig. 16.7), with alternating
dry-cold and wet-cool intervals (Rousseau et al. 2011). Moisture conditions are
nevertheless lower than in Nussloch, as the paleosols are mostly expressed as
embryonic soils, with only two tundra gleys being identified. Nevertheless, even
though Nussloch and Stayky are distant from one another, grain size variations show
similarities at both localities.

�
Fig. 16.3 (a) Distribution of loess in Europe (Redrawn in simplified form from Haase et al.
(2007)). Also shown are major rivers (solid blue lines) and the approximate extent of the
Scandinavian ice sheet (light purple) during the last glacial period (thick dashed line) (Simplified
from Flint (1971)). CR Czech Republic, H Hungary. (b) Distribution of loess in Asia (Compiled
from Velichko et al. (1984, 2006), Liu (1985), Dodonov (2007), and Frechen et al. (2009a)). Note:
loess is also reported for Japan (Watanuki et al. 2005; Matsu’ura et al. 2011), but distribution maps
are not shown in those reports. Ice sheet extents during the last glacial period (light purple) are
approximate (Redrawn from Flint (1971))
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Fig. 16.4 (a) Distribution of loess in North America and the extent of ice sheets during the last
glacial period (light purple) (Redrawn from Péwé (1975), Bettis et al. (2003), Busacca et al. (2004),
and sources therein). (b) Loess distribution in South America and ice extent (light purple) during
the last glacial period (Redrawn from Zárate (2003, 2007) and sources therein)

At lower latitudes in Europe, thick loess deposits have been described in the
Carpathian basin along the Danube River, corresponding to the succession of several
glacial–interglacial cycles (Markovic et al. 2006, 2009). The stratigraphy is much
different than is typically observed elsewhere in Europe, with the appearance of a
rather homogenous period of loess deposition (Antoine et al. 2009a), including an
absence of the loess–paleosol doublets identified at localities in the 50 ıN latitude
loess belt. The environmental conditions appear to have been much drier during
the whole last climate cycle, with conditions again allowing the occurrence and
development of C4 plants, indicative of vegetation living under severe moisture
stress (Hatté et al. 2013).

16.8.2 Africa and the Middle East

Loess in Africa and the Middle East is not as extensive and thick as in Europe
and in North America: it is patchy in nature (Fig. 16.6). Yet loess is the parent
material for some of the most fertile soils in these regions. A few characteristics are
common to all reported desert loess sites in Africa and the Middle East (following
Crouvi et al. (2010)): (1) loess bodies are located in semiarid to subhumid climate
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Fig. 16.5 (a) Map of Australia showing the approximate areas with widespread fine-grained loess
(parna) deposits and patchy to isolated loess deposits (this study), localities where dust additions
to soils are documented, and last glacial maximum dust additions to offshore areas (“LGM
dust”) (Compiled by Hesse and McTainsh (2003)). Also shown is the distribution of aeolian sand
(stippled areas) in Australia, with inferred paleowind directions (All from Bowler et al. (2001)).
(b) Distribution of loess in New Zealand (Redrawn from Eden and Hammond (2003))
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Fig. 16.6 (a) Spatial distribution of loess in Africa and the Middle East, active sand seas, and
Arenosols (sandy soils) (From Crouvi et al. 2010 and references therein). Near-surface dominant
wind directions for January and June are based on Breed et al. (1979). Red contours are content
of silt (24 �m mode) in oceanic sediments off the West Africa coast deposited during the last
glacial maximum (Sarnthein et al. 1981, see also Chap. 17). Black rectangles mark the location of
well-studied loess sites in these regions mentioned in the text and in Crouvi et al. (2010): (b) Israel
(Negev), (c) Tunisia and Libya, (d) Nigeria, (e) Namibia, (f) Yemen, and (g) the UAE. Abbrevia-
tions: GEO Grand Erg Oriental, HE Hausaland Erg, KS Kalahari Sands, RAK Rub’ al Khali

regions; (2) at most sites, loess covers an area of 103–104 km2; (3) loess sediments
are dominated by coarse silt to very fine sand grains, with median grain size ranging
from 50 to 80 �m; in some sites, the particle size distribution (PSD) is reported to be
tri- or bimodal; (4) the loess bodies are generally characterized by calcic soils; (5)
loess mineralogy is mostly quartz and feldspars, with various amounts of carbonate,
depending on the degree of soil development in the loess; (6) in most sites, the
underlying lithologies are inconsistent with the presence of quartz in the loess and
suggest an external source for the silt; (7) the shapes of particles are reported as
subangular to angular for most regions; and (8) most loess bodies were deposited
during the last glacial period (�110–10 ka).

http://dx.doi.org/10.1007/978-94-017-8978-3_17
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The best-studied desert loess in northern Africa is located on the carbonate-rich
Matmata Plateau in southern Tunisia (Coudé-Gaussen 1987; Coudé-Gaussen et al.
1987; Coudé-Gaussen and Rognon 1988; Coudé-Gaussen 1990; White et al. 2002;
Dearing et al. 2001). The Tunisian loess covers an estimated area of �4,000 km2 and
reaches thicknesses of up to 20 m. On the basis of radiocarbon ages, Coudé-Gaussen
et al. (1987) showed that the age of the Tunisian loess ranges from >43 to 10 ka,
whereas a chronology based on optically stimulated luminescence (OSL) (Dearing
et al. 2001) suggests that the lower part of this loess is much older (250–100 ka).
Loess deposits are also located on a carbonate-rich mountain range in northwestern
Libya, between the Jefera Plain to the north and the Tripolitanian Plateau to the
south. These deposits are considered to be a continuation of the Tunisian loess
(Coudé-Gaussen 1987).

The best-known loess in the Sahel of Africa is the informally named Zaria loess,
located on the Kano Plains in central-northern Nigeria (McTainsh 1984, 1987). This
is probably one of the largest desert loess regions known in the world, covering
an area of 41,000 km2 and located today in a tropical climate zone. Loess PSD is
mainly trimodal, with modes at 75 �m, 44 �m, and <2 �m (McTainsh 1984). OSL
dating of the loess indicates an age of 37–10 ka (Stokes and Horrocks 1998). Scat-
tered reports from other Sahelian countries suggest the presence of a noncontinuous
loess belt, oriented west to east from southern Senegal through Guinea, Mali,
Burkina Faso, Niger, and Nigeria to northern Cameroon; loess-like deposits are also
found on the Canary Islands (Figs. 16.1c and 16.6).

Loess in southern Africa is found mainly in northwestern Namibia, where it
is located on a vast area between the Great Escarpment to the coast, and it is
characterized by variable underlying lithologies (Eitel et al. 2001, 2006; Brunotte
et al. 2009). On the basis of the carbonate content and the heavy-mineral assemblage
of the loess, Eitel et al. (2001) suggested that the source of the loess was a
combination of exposed calcretes from the east and silt from local metamorphic
and volcanic rocks. Crouvi et al. (2010) suggested that the main sources of quartz
silt in the loess are the nearby quartz-rich Kalahari Sands that lie only a few tens
to hundreds of kilometers to the east and southeast of the loess. Linear dunes in
these sands are oriented east–west to east–southeast–west–northwest, suggesting an
easterly wind regime when the dunes were formed; these easterly winds currently
prevail in the region (Fig. 16.6). Similar to the Sahelian loess, the Namibian loess
stretches westward into the Atlantic Ocean, as finer silt deposits from marine cores
are reported off the Namibian coast (e.g., Stuut et al. 2002, see also Chap. 17).
There is a good temporal correlation between the period of sand-dune activity, loess
accumulation, and silt deposition off the Namibian coast (Crouvi et al. 2010).

The most prominent loess in the Middle East is located in the Negev desert,
southern Israel, covering an area of �5,500 km2 (Figs. 16.1d and 16.6). It mantles
most of the exposed carbonate bedrock in the northern Negev and fills depressions
and valleys farther south in the central Negev highlands (Yaalon and Dan 1974).
The PSD of the loess is bimodal (50–60 �m and 3–8 �m), with a general
upward increase of the coarse mode versus the fine mode in all sequences that
have been studied (Crouvi et al. 2008, 2009). Bulk mineralogy is quartz, calcite,
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phyllosilicates, and feldspars, whereas the coarse mode is composed mostly of
quartz and feldspars (Crouvi et al. 2008). Recent OSL ages suggest that the upper
Pleistocene Negev loess started accumulating at 95 ka (Crouvi et al. 2008, 2009).

Crouvi et al. (2008, 2009) suggested that the main sources of the coarse silt grains
in the loess are the adjacent sand dunes in western Negev and Sinai that advanced
eastward during the late Pleistocene. These studies based their suggestion mainly
on the observation that the increase of the PSD fraction of coarse silt grains in the
loess (composed mainly of quartz) is temporally associated with the incursions of
adjacent sand dunes upwind from the loess. Elsewhere in the Middle East, loess is
found in northwestern Yemen (Fig. 16.6), on the volcanic plateau of Sana (Grolier
and Overstreet 1978; Nettleton and Chadwick 1996; Wilkinson 1997), and in the
United Arab Emirates (Goudie et al. 2000).

In a recent compilation, Crouvi et al. (2010) suggested that for all reported loess
in Africa and the Middle East, sand seas supply the coarse silt for desert loess,
based on the following observations: (1) all loess sites are spatially associated with
adjacent sand seas (Fig. 16.6) and are located only a few tens of kilometers from
sand dunes, within the range for aeolian transport of coarse silt grains (Tsoar and
Pye 1987); (2) there is a good agreement between the mineralogical composition
of the loess and that of the sand dunes; (3) according to the paleowind direction
interpreted from the orientation of the sand dunes, all loess sites are located
downwind of the adjacent sand seas; (4) there is evidence of decreases in grain size
downwind from the sand dunes toward the loess in a few sites; and (5) the estimated
ages of loess deposition and dune activity generally overlap, where, in most cases,
sand-dune activity preceded loess deposition, and no data indicate loess deposition
preceding sand-dune activity.

The identification of sand dunes as the source for coarse silt grains in downwind
loess deposits can support or rebut different hypotheses for the generation of silt
in deserts. Because, in most places, sand dunes are composed of well-sorted sand
grains, with limited amounts of coarse silt grains, this observation strengthens the
hypothesis raised in the past that aeolian abrasion of sand grains is one of the
important mechanisms for generating silt grains in deserts (e.g., Whalley et al. 1982;
Crouvi et al. 2010; Enzel et al. 2010). The reported angularity of desert loess grains
supports this hypothesis. Laboratory experiments show that aeolian abrasion of sand
grains produces both coarse and fine silt grains (e.g., Whalley et al. 1982; Bullard
et al. 2004). Given the absence of glacial activity near most low-latitude deserts,
even during the late Pleistocene, and the large sand seas there (Fig. 16.6), it is
reasonable that spalling might be the dominant source of silt, at least locally.

16.8.3 Asia

Loess mantles extensive regions in Asia, especially in the largest midlatitude arid–
semiarid zone in the Northern Hemisphere (Fig. 16.3b). The most widespread loess
deposits in Asia occur in China, centered in the Loess Plateau, where the oldest loess
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can be dated back to 22–25 Ma (Guo et al. 2002; Qiang et al. 2011), and loess can
be hundreds of meters thick, as at Lanzhou in the western Loess Plateau (Burbank
and Li 1985). Loess is also found in Central Asia including Tajikistan, Kyrgyzstan,
Turkmenistan, Uzbekistan, and Kazakhstan. Regardless of where the loess is found
in Asia, all loess bodies are bordered by or in the downwind areas of gobi (stony
desert) and sand deserts.

Loess in China is widespread between latitudes 34–45 ıN and longitudes 75–
130 ıE (Fig. 16.3b). Although the most continuous loess cover is in the central
part of northern China, forming the Loess Plateau, loess deposits also occur on
pediments in the forelands of high mountains in northeastern China. On the Loess
Plateau, the thickness of loess varies from tens to hundreds of meters, found at
elevations ranging from 1,000 to 1,500 m. In northwestern China, loess is found
mainly blanketing mountain slopes, with thickness usually less than tens of meters,
but the elevation where it is found can be up to 4,000 m.

In Central Asia, loess deposits are adjacent to mountain regions and dominantly
cover piedmonts and hills (Dodonov 1991, 2007). In contrast to the Chinese Loess
Plateau, loess in Central Asia mostly accumulates on the windward slopes of the
Central Asian orogenic belt (including the Tian Shan, Kunlun, Hindu Kush, and
Pamir Mountains), where loess can be found at elevations of up to 2,500–3,000 m
(Dodonov 1991). Generally, loess deposits in Central Asia are several tens of meters
thick, except in certain regions, such as Tajikistan, or in the vicinity of Tashkent,
where the loess strata can be up to 100–200 m (Dodonov 1991; Ding et al. 2002a).

For Chinese loess, the basal age of the Quaternary loess–paleosol successions is
near the Gauss/Matuyama (G/M) geomagnetic polarity boundary (Heller and Liu
1982; Liu 1985), with an age of about 2.58 Ma. More recently, the Neogene Red
Clay (Fig. 16.1b), also on the Loess Plateau, has now been demonstrated to be
aeolian. The latter deposits are discontinuously overlain by the Quaternary loess–
soil successions, being usually younger than 8 Ma in most sites (Ding et al. 1998;
Qiang et al. 2001), with the exception of the Qinan section that extends to 22 Ma
(Guo et al. 2002). The most recent study in the Junggar basin of northwestern China
reveals aeolian deposits of 24 Ma (Sun et al. 2010), whereas a long core taken on the
western Loess Plateau reveals aeolian dust accumulation that can be dated back to
25 Ma (Qiang et al. 2011). In Central Asia, stratigraphic and chronological studies
have previously shown that loess began to accumulate about 2–2.5 Ma ago and the
loess–soil sequences at different sites can be correlated with each other (Dodonov
1991; Dodonov and Baiguzina 1995).

For the most extensive and thickest loess deposits on the Loess Plateau, a
vast provenance of northwestern China had been proposed (Liu 1985). However,
multiple isotopic, chemical, and mineralogical data demonstrate that the loess
deposits on the Loess Plateau are mainly derived from the gobi deserts that lie to the
north of the Loess Plateau, whereas aeolian dust entrained from the three inland arid
basins (the Tarim, Junggar, and Qaidam basins) of northwestern China contributes
very little to the loess deposits on the Loess Plateau. Dust from these basins
accumulates mainly on the piedmont forelands of high mountains surrounding the
basins (Sun et al. 2001; Sun 2002a, b). Moreover, although these gobi and sand
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deserts are regarded as the main source regions, they serve as dust and silt holding
areas rather than dominant producers. The mountain processes (including glacial
grinding, frost weathering, salt weathering, tectonic processes, and some fluvial
comminution) in the Gobi Altay Mountains, Hangayn Mountains, and the Qilian
Mountains have played an important role in producing the vast amounts of loess-
sized material for forming the Loess Plateau (Sun 2002a).

Sun et al. (2007) argued that fine silt- to clay-sized quartz in the northwestern
deserts are heterogeneous and derived mainly from the nearby high-altitude moun-
tains in East Asia, whereas the eastern deserts in China mainly have a local source.
Based on the luminescence sensitivity variations of quartz grains from Chinese
deserts, four regional groups of Chinese deserts can be distinguished including
the eastern, central, western, and northwestern deserts. The different luminescence
sensitivity signals are dominantly related to the rock types of mountains surrounding
or adjacent to the deserts (Lü and Sun 2011).

Temporal variations of loess provenance have also been studied. Based on tem-
poral variations in Sr, Nd, and Pb isotopes and trace element concentrations within
airborne dust on the central Loess Plateau (Sun 2005; Sun and Zhu 2010), a distinct
change in source occurred at about 2.6 Ma. This change in the source of aeolian dust
at 2.6 Ma is considered to be coincident with the initiation of Quaternary glaciation
in the Northern Hemisphere. The dramatic climatic cooling induced glacial grind-
ing, which plays an important role in modifying the source material of the dust.

Loess accumulation in Central Asia is closely linked to the geographic and
atmospheric conditions in the area. The great deserts such as Karakum, Kyzylkum,
and Sary-Ishikotrau are situated directly to the west and northwest of the loess
region, covering the windward piedmont forelands and river valleys of Tian Shan
and the Pamir Plateau (e.g., Dodonov and Baiguzina 1995; Finaev 1995; Ding et al.
2002a). In addition, airborne dust can be also transported to Iran and accumulate
as loess (Asadi et al. 2012). Paleowinds in northeastern Iran were dominated by
northerly or northeasterly winds blowing from Central Asia, as suggested by the
delineation of dune fields in the Karakum Desert, in Turkmenistan (Rozychi 1991;
Letolle and Mainguet 1993), and by the spatial distribution of loess deposits along
Kopeh Dagh (Kehl 2009).

Loess–paleosol sequences on the Loess Plateau of north-central China
(Fig. 16.1a) have provided abundant information about regional and global climate
changes during the Quaternary (Heller and Liu 1982; Kukla and An 1989). The
most important studies of the orbital-scale paleoclimatic record on the Loess
Plateau were completed by Ding’s group (Ding et al. 1993, 1994, 2002b). Based on
detailed pedostratigraphy and magnetostratigraphy of the Baoji section, thirty-seven
pedostratigraphic units are identified, representing thirty-seven major cold-to-warm
climatic cycles in the past 2.5 Ma (Ding et al. 1993).

For the Central Asia loess, the best long-term paleoclimatic record is the
Chashmanigar loess section (Fig. 16.8) of southern Tajikistan (Ding et al. 2002a;
Yang and Ding 2006; Yang et al. 2006). This section is about 200 m thick
and consists of an alternation of loess and paleosol layers with a basal age of
about 1.77 Ma (Ding et al. 2002a). The high-resolution magnetic susceptibility,
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Fig. 16.8 Changes in Na2O/Al2O3 (weight–percent ratio, not molar ratio), Rb/Sr, Ba/Sr, and
(CaO C Na2O C MgO)/TiO2 (weight–percent ratio, not molar ratio) at loess–paleosol section at
Chashmanigar, Tajikistan. The timescale is taken from Ding et al. (2002b). The shaded zones
indicate interglacials, as represented by paleosols. Greater alteration of weatherable minerals
in paleosols can be seen in these plots (note reversed horizontal scales on Na2O/Al2O3 and
(CaO C Na2O C MgO)/TiO2 plots). The dashed lines are linear fits of each curve for different
time intervals (Redrawn from data in Yang et al. (2006))

grain size, and color reflectance time series all show astronomical periodicities
during the Pleistocene. The mid-Pleistocene climate transition, characterized by
a shift of dominant climatic periods from 41 to 100 kyr at about 1.0–0.8 Ma, is
clearly documented in these proxy records (Ding et al. 2002a). It is suggested that
alternations of loess and soil horizons in Central Asia were controlled by global
ice volume variations. The long-term chemical weathering history of this section
(Fig. 16.8) indicates a decreasing chemical weathering trend since 0.85 Ma (Yang
et al. 2006). This event may be causally related to the expansion of Northern
Hemisphere ice and/or the regional tectonic uplift of high mountains in Asia since
the mid-Pleistocene.
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16.8.4 Australia and New Zealand

Despite the proximity of the two countries, the understanding and characterization
of loess in Australia and New Zealand are vastly different, due to differences in
landscape processes, paleo- and contemporary climatic regimes, and sedimentolog-
ical nomenclature. Whereas in the generally cooler, wetter New Zealand, loess is
widespread and very well described, in Australia there is a scarcity of published
work describing “loess” and a general view that soil derived from fine-grained
aeolian sediment is quite restricted in distribution. Undoubtedly, the dominance of
the cold-climate loess paradigm throughout the twentieth century entrenched the
view that loess was largely absent from the Australian continent. But over the past
two decades, a counterview has emerged that the hitherto described “parna” (Butler
1956) should be regarded as clayey, hot-climate loess (Dare-Edwards 1984; Hesse
and McTainsh 2003; Haberlah 2007). In this chapter, parna will be regarded as fine-
grained loess.

At present on the Australian continent, there are two major wind paths emanating
from the arid interior. One of these extends in an east–southeasterly direction across
the eastern states to the Tasman Sea, and the other extends in a northwesterly
direction across Western Australia to the Indian Ocean (Fig. 16.5a). It is along the
so-called southeastern dust path that the majority of the identified Australian loess
deposits exist. In particular, southern New South Wales and northern Victoria have
prominent areas of red, clayey, and often calcareous soil derived from clayey loess
(parna) deposits.

The fine-grained material that dominates Australian loess deposits is character-
ized by a relatively high clay content; the presence of coarse, silt-sized quartz; a
strong red to yellow color; and a variable presence of calcium carbonate. Indeed,
it is the combination of these attributes in soil profiles over a variety of lithologies
that first led Butler (1956) to identify and popularize the concept of “parna” on
the Riverine Plain. Mineralogically, these clayey loess deposits are dominated by
kaolinite, illite, and quartz (Beattie 1970), with inclusions of calcium carbonate
being more prevalent at the arid–semiarid western end of the deposition zone.

The current understanding of the genesis of Australian parna is that during arid
and windy glacial periods of the Quaternary, fine-grained materials were winnowed
from the sand hills, playas, and floodplains of what are now western New South
Wales, northwestern Victoria, and eastern South Australia and deposited 300–
500 km downwind as a blanket of sediment. A central tenet of this model is that
while the transported material contained considerable clay-sized particles, it was
transported in the form of silt-sized pellets accompanied by quartz companion
grains. Unfortunately, there is a dearth of reliable age estimates for loess deposits in
eastern Australia.

In New Zealand, loess mantles are widely distributed across both the North
and South Islands, with McCraw (1975) estimating that 10 % of the country’s
land mass (�26,000 km2) is covered by loess at least a meter thick (Fig. 16.5b).
The range of loess mantle thickness is 0.5–6.0 m (Eden and Hammond 2003), but
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the thickest mantles are located in the southern parts of the North Island and the
eastern and southern parts of the South Island (Fig. 16.5). On the North Island,
loess deposits are most prominent in the Manawatu region, where old terraces of
cold-climate floodplains have been mantled by dust from nearby braided streambeds
(Molloy 1998), and in the inland basins of Hawke’s Bay. On the South Island, loess
deposits are most prominent on the high terraces of the Canterbury Plain, the North
Canterbury and South Canterbury downlands, the Banks Peninsula, and the South
Otago downlands and Southland Plains (Molloy 1998).

New Zealand loesses tend to exhibit more “classical loess” features: silty loam
texture, pale colors, and weak/massive structure (Fig. 16.2d). In many localities,
loess facies are characterized by multiple paleosol horizons and/or inclusions of
tephric layers (Eden and Hammond 2003), while fragipans are a feature of some
relatively unaltered loess deposits. Common minerals in New Zealand loess deposits
and soil developed therein include quartz, feldspars, micas, vermiculite, kaolinite,
and halloysite. Where volcanic ash has contributed significantly to the loess deposit,
ferromagnesian minerals, allophane, and volcanic glass may be prominent (McCraw
1975; Molloy 1998; Eden and Hammond 2003).

Most loess in New Zealand has been produced by cold-climate processes, such
as freeze/thaw action and glacial grinding, as well as river abrasion, comminution,
and sorting (Eden and Hammond 2003). The North Island loess deposits are nearly
all products of fluvial processes and the winnowing of dry streambeds, while in
the South Island cold-climate loess processes operated in the Southern Alps during
the Quaternary glacial periods, supplying silt-sized sediment to the rivers of the
eastern half of the island for eventual winnowing and transport to adjacent plains
and downlands. A further form of loess, tephric loess or volcanic loess, also occurs
in and near the central volcanic region of the North Island (Eden and Hammond
2003), but the significance of this tephric parent material is perhaps greatest from a
chronological standpoint. Volcanic ash conveniently identifies (and separates) the
Ohakea loess, which was laid down across the Manawatu between 25,000 and
12,000 years ago and which acts as the parent material for the present-day soils
(Molloy 1998). In the South Island of New Zealand, accretion rates and ages of loess
deposits have been estimated through the identification of the Kawakawa Tephra
(deposited �26,0000 years before present), thermoluminescence techniques, and
14C dating (Eden and Hammond 2003).

16.8.5 South America

South American loess presents a broad geographic distribution (Fig. 16.4b) extend-
ing across the Chaco–Pampean Plain of Argentina and neighboring areas of
Uruguay, southern Brazil (Rio Grande do Sul), Paraguay, and the eastern Bolivia
lowlands (Zárate 2003). Loess is extensive in the western Chaco (Iriondo 1997)
and forms a wide belt in the eastern Pampas, grading into sand mantles and dune
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fields toward the west and southwest. Thick loess deposits are located in the sub-
Andean mountainous area of northwestern Argentina (Tucumán); they also occur
in the highland plains of Sierras Pampeanas of Córdoba and San Luis. In addition,
loess has been reported in Tierra del Fuego and the eastern Andean piedmont (Zárate
2003), while Holocene peridesert loess has been reported in the Atacama Desert of
Peru (Eitel et al. 2005).

Much of the knowledge of South American loess comes from the Pampean
Plain where the deposits consist of complex stratigraphic sequences composed of
primary loess and loess-like (loessoid) deposits that are usually much more abundant
(Fig. 16.2c; Zárate and Blasi 1993; Zárate et al. 2009). Loess deposits are commonly
interlayered with fluvial gravels and/or colluvial deposits along the piedmonts of
the southern Buenos Aires ranges (Ventania, Tandilia) and the Pampean ranges of
Córdoba and San Luis provinces. Carbonate accumulations of variable morphology
and genesis are common in the loess sequences. Fossil vertebrate remains are
very common, together with abundant bioturbation features of both vertebrates and
invertebrates (Zárate 2007).

The Pampean stratigraphic record dates back to the late Miocene (�12–10 Ma).
The thickest (�40–50 m) Quaternary loess and loess-like deposits are located
in the northern Pampas with only the uppermost 10–15 m exposed. The loess
sedimentation process during the Neogene–Quaternary was characterized by the
occurrence of several pulses of landscape reactivation marked by major erosional
episodes (Folguera and Zárate 2011).

The chronology of the Pampean loess sequence traditionally has been estimated
on the basis of their vertebrate fossil content, being subdivided into several
biostratigraphic units (land mammal ages; see Marshall et al. 1983) later redefined
as stage–ages (Cione and Tonni 1995). In recent years, numerous luminescence
dates were obtained from several upper Quaternary sections of the northern and
southern Pampas (e.g., Kemp et al. 2006; Frechen et al. 2009b; Kruck et al. 2011).

The loess–paleosol sequences in the mountains of the Tucumán region (Kemp
et al. 2003) are situated at an altitude between 1,800 m and 2,500 m asl and west of
the western Chaco Plain (Fig. 16.4b). This sequence, which exhibits a much higher
stratigraphic resolution than the Pampean successions, consists of a thick (�40–
50 m) record of loess and reworked loess. The deposits, rich in vertebrate fossil
remains, are characterized by the occurrence of numerous (28–32) discrete paleosols
(Zinck and Sayago 2001; Schellenberger and Veit 2006).

The Pampean loess deposits are chiefly of volcanoclastic composition, with
particles made up of volcanic lithic fragments (basaltic, andesitic, and rhyolithic
rocks), volcanic glass shards, feldspar (mainly orthoclase), plagioclase (albite to
labradorite), and quartz, usually with percentages lower than 20 %. The miner-
alogical and geochemical compositions of loess and loess-like deposits (Teruggi
1957; Smith et al. 2003) suggest that the explosive, volcanic Andes Cordillera is the
main loess source area, including the direct input of volcanic particles as well as
discrete tephra layers. The mountain loess of Tucumán is thought to be derived
from the northwestern Argentinian/southern Bolivian Andes and the Altiplano
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(Schellenberger and Veit 2006). Secondary source areas of loess are present across
the region that comprise the Pampean ranges of Córdoba and San Luis, the Paraná
River basin, the southern Buenos Aires ranges (Ventania and Tandilia), the ranges
and outcrops of Paleozoic and Mesozoic rocks of the south-central Pampas, and
likely the igneous and metamorphic rocks of southern Uruguay (Zárate 2003,
and references therein). The accumulation of loess has been explained through a
combined mechanism of fluvial and aeolian transport from the Andes to the eastern
lowlands.

The loess–paleosol pattern of South America, even back to the Pliocene, is
interpreted to be the result of cyclic climatic conditions, with loess accumulating
during glacial intervals and soils developing during periods of climatic amelioration,
interglacials and interstadials (Kemp and Zárate 2000). Recently, Rabassa et al.
(2011) reported late Pliocene glacial deposits in the northern Patagonian Andes,
making more plausible the linkage between the loess accumulation and glacial
conditions at this time interval. The mountain Loess Plateau of Tucumán and the
northern Pampas of Buenos Aires province provide long and quasi-continuous
records that have permitted inferences of the environmental history during a
considerable time span of the Pleistocene.

The accumulation of loess deposits was widespread across different localities of
the northern and southern Pampas between �30 ka and �10 ka. The significant
aeolian activity during this interval is also suggested by OSL ages that indicate
active dunes in the western sand-dune fields that fringe the eastern Pampean loess
belt (Tripaldi and Forman 2007; Tripaldi et al. 2011). A major decrease of the loess
accumulation rate occurred at the Pleistocene–Holocene transition (�12–9 ka) when
soil formation began to dominate in several areas of the eastern Pampas, giving way
to the development of modern soils. While the Holocene is basically documented by
soil formation in the eastern Pampas, some settings of the southern Pampas (Tandilia
range, Bahia Blanca) document loess accumulation between �5 and 4 ka.

Southern South America has been proposed as the likely source area of the dust
found in Antarctica (Delmonte et al. 2004, see Chap. 18). Patagonia, the Chaco–
Pampean region, and the continental shelf are the specific areas considered to be
potential dust sources. Gaiero (2007) and Gaiero et al. (2013) point out that isotopic
data indicate that Patagonia and the Puna–Altiplano Plateau could represent the
most important Southern Hemisphere provenance areas for glacial dust deposited
in East Antarctica.

16.8.6 North America

In North America, loess is found mostly beyond the margins of where the Laurentide
and Cordilleran ice sheets and mountain glaciers advanced during the last glacial
period (Bettis et al. 2003; Roberts et al. 2007). In the northwestern part of North
America, loess is found in Alaska and the adjacent western parts of Yukon Territory
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of Canada (Muhs et al. 2003). There are also large tracts of loess in the Palouse
area of eastern Washington and adjacent Oregon and the Snake River Plain and
adjacent uplands of Idaho. By far, however, the greatest extent of loess is found in
the mid-continent region, including the greater Mississippi River drainage basin and
the Great Plains (Fig. 16.4a).

In the greater Mississippi River basin (including the Missouri and Ohio river
drainage basins), south of the Laurentide ice sheet, loess is dominantly glaciogenic,
although there are non-glacial contributions (Grimley 2000; Bettis et al. 2003).
Thus, loess units represent glacial periods and paleosols represent interglacial or
interstadial periods. To a great extent, therefore, loess deposition is a “turn-on/turn-
off” process that differs from the more complex pattern seen in China. In this region,
the three youngest loess units are the Loveland Loess of penultimate glacial age, the
Roxana Silt of early last glacial age, and the Peoria Loess of late last glacial age.
Dating of Peoria Loess to the last glacial period, about 25,000–12,000 radiocarbon
years ago, is based on studies conducted at dozens of sections (Bettis et al. 2003).
Peoria Loess can reach extraordinary thickness, up to �40 m in some sections in
western Iowa (Bettis et al. 2003).

Farther west, in the Great Plains region, studies by Aleinikoff et al. (2008)
and Muhs et al. (2008) show that sedimentary rock (volcaniclastic siltstone) is the
most important source of silt-sized particles in the Peoria Loess of last glacial age
(Fig. 16.2a). Despite the different modes of origin of Great Plains loess, radiocarbon
and OSL ages indicate that Peoria Loess in the Great Plains was deposited at
about the same time as Peoria Loess farther east (Roberts et al. 2003; Muhs et al.
2008). Thus, even without glaciers, the Great Plains region experienced favorable
conditions for loess formation during the last glacial period. Unlike the Mississippi
River basin, however, the Great Plains region also has a younger Holocene loess
called the Bignell Loess.

The loess deposits in the Columbia Plateau, or “Palouse” region (Fig. 16.4a),
present a very different record than those of other parts of North America. In this
area, loess records may extend as far back as 1–2 Ma (Busacca 1991). The loess
deposits preserve many paleosols (Fig. 16.2b), reflecting periods of nondeposition
and stability between times of more active loess deposition. The timing of the
deposition of loess in the Palouse region of eastern Washington differs from that
for other loess deposits of North America and, indeed, the world (Busacca et al.
2004). In this area, the principal source of the loess is believed to be flood sediments
of proglacial Lake Missoula, exposed during glacial maxima at least six times in
the Pleistocene (Busacca et al. 2004). Thus, the production of the loess deposits is
believed to peak late in the glacial cycle.

Loess is widely distributed in Alaska and adjacent Canada and is geographically
the most extensive surficial deposit in the region (Fig. 16.4a). In central Alaska,
studies by Westgate et al. (1990) indicate that the Alaskan loess record may extend
back to �3.0 Ma. The thicknesses of the deposits range from a few centimeters in
some areas to more than 60 m near Fairbanks. Throughout Alaska, loess deposits
are thickest near rivers, with thicknesses decreasing rapidly with distance away
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from the rivers and downwind of valley dust sources (Péwé 1975; Muhs et al.
2004). The transport and deposition of loess are processes that are still active
today in Alaska, particularly along the Delta, Knik, Matanuska, and Copper Rivers,
all of which drain mountain ranges with glaciers. Holocene loess is exposed in
these valleys. Although there is indirect evidence for glacial-age loess in Alaska,
there are surprisingly few ages that actually document last glacial-aged loess (see
review in Muhs et al. 2003). Paleosols are common in central Alaskan loess,
indicating that loess deposition here, like elsewhere, has been episodic.

16.9 Conclusion

Loess is aeolian sediment that is dominated by silt-sized particles. Unlike both
coarser dune sand and finer-grained LRT dust, loess is relatively poorly sorted,
reflecting a combination of transport processes, including saltation, low suspension,
and high suspension. Loess can be readily identified in the field and has thicknesses
ranging from a few centimeters to many tens of meters. It is found over large
areas of Europe, Asia, South America, and North America, and smaller areas of
New Zealand, Australia, Africa, and the Middle East. Most loess deposits have
compositions that are similar to and reflect derivation from the upper continental
crust. Loess can be derived from glacially ground rock and silt particles derived
from “desert” (non-glacial) processes of rock breakup or simply inherited from silt-
sized sedimentary rocks or silt-sized tephra.

Loess has distinct advantages over other Quaternary sediments for documenting
climate change in that it provides a direct record of atmospheric circulation and
can be dated directly by both luminescence and radiocarbon methods. Loess can be
used to reconstruct paleowinds using spatial trends of thickness and particle size.
Paleosols are common in loess and represent periods of little or no loess deposition.
Paleosols and snails in loess can be used to reconstruct paleoclimates.

In most of Europe and many parts of North America and South America, much
loess is clearly tied to glacial-sediment supplies. In both Europe and North America,
however, rates of loess deposition varied within glacial periods. In many areas, the
stratigraphic record is more complex than a simple correlation of loess with glacial
periods and paleosols with interglacial periods. In China, neither loess deposition
nor soil formation ever ceases completely, so sedimentation and pedogenesis are
best portrayed as competing processes that are modulated by climate change. Still,
glacial periods show higher rates of loess deposition than interglacial periods. In
the Great Plains of North America, non-glacial sources of loess were available
during both glacial and interglacial periods, but much greater rates of deposition
occurred during glacial periods, indicating that a glacial-type climate is one that is
most favorable to thick loess accumulation.
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