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Alonso-Zarza et al. (2009) argued that the Miocene sedimentary sequence near Qinan (QA-I) (Guo et al.,
2002), north to Tianshui in Central China, represents mudflat/distal fan and shallow lake sediments. Here we
show that they (1) did not take into account extensive observational evidence supporting an eolian origin;
(2) erroneously correlated deposits of different origins and small lateral extent occurring in different
geomorphic units; (3) inferred a common origin for distal fans in the Tianshui and Qinan regions despite
contrasting tectonic and geomorphic conditions; and (4) in some cases misinterpreted features typical of
eolian deposits. Accordingly, their study is not a sufficient basis for challenging earlier interpretations of
Asian paleoclimates.
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1. Introduction

Based on analysis of five sedimentary sequences, the nearest one
~12 km away, Alonso-Zarza et al. (2009) (AZ hereafter) argued that the
Qinan sequence (QA-I; ~22–6.2 Ma) (Guo et al., 2002) represents
water-laid sediments instead of eolian deposits. This conclusion
challenges studies of Neogene eolian sedimentation in the western
Loess Plateau (e.g. Lu et al., 2004; Garzione et al., 2005; Li et al., 2006a;
An et al., 2006; Ding, 2007; Oldfield et al., 2009). It also goes against the
fact that eolian andwaterlain sediments commonly coexist in space due
to topographic variability and erosion, such as the Quaternary
lacustrine-fluvial deposits found in parts of the Loess Plateau. Here we
summarize observational evidence supporting an eolian origin.

2. Extensive evidence of eolian origin

Eight Neogene eolian sequences with detailed magnetostratigraphy
have been reported from the western Loess Plateau, ranging from the
southern slope of the Qinling Mt. to the Qinan region, the top of the
HuajialingMt (Fig. 1A), and to the Tibetan Plateau near Xining (Lu et al.,
2004). Their eolian origin, which has been supported by various lines of
evidence in more than 15 publications, is summarized below:

(1) Spatially correlative stratigraphies, magnetic susceptibility and
grain-size time series (Guo et al., 2002, 2008; Liu et al., 2005; Hao
and Guo, 2007) provide strong evidence of eolian deposits.Water-
laid sequences (as proposed by AZ) would not correlate in such
detail across such a vast region and over such long time spans.

(2) The abundance of land snails and the lack of aquatic species (Li
et al., 2006a, 2006b) in both soil and loess layers firmly attest to
subaerial environments. Their random occurrences and well-
preserved shells preclude any transportation. The dry-cold
assemblages in loess and humid-warm assemblages in soils are
consistent with loess-soil cycles, and do not support the
interpretation that the pale (loess) layers are lake deposits
representing humid periods (Alonso-Zarza et al., 2009).

(3) Several hundred reddish soils, mostly Luvisols with clay
coatings (unique for soils) (Guo et al., 2002, 2008), also attest
to subaerial environments, as do their calcareous horizons
(nodular or calcrete) with typical pedogenic features and
abundant land snails (Li et al., 2006a, 2006b), common in the
Quaternary loess of China (Yin et al., 2007) and soils elsewhere
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(Retallack, 2001). The clay coatings in the soils, the lack of
significant hydromorphic features, and their wavy occurrences
following the palaeo-topography (Fig. 1) firmly preclude a
groundwater interpretation (Alonso-Zarza et al., 2009).

(4) The fine silt textures throughout the 16-Ma (253 m) QA-I
sequence (Liu et al., 2006; Qiao et al., 2006), withmedian grain-
size varying between 6 and 13 μmandwith the N63 μm fraction
less than 5.3% and averaging 0.9%, also indicate dust deposits.
Water-laid deposition in distal fan or shallow lake environ-
ments would not produce such continuous fine-grained
sequences spanning 16 Ma, under conditions of tectonic
(Molnar, 2005) and climate changes (Zachos et al., 2001).

(5) The correlative and finer grain-size at ML-V (~75 km south of
QA-I), compared to the coarser sequence at QA-I, are consistent
with a northern provenance of wind-blown dust (Guo et al.,
2008), in contrast with AZ's statement that grain size decreases
from south to north in their model of water-deposited
sediments.

Other firm evidence of eolian origin includes quartz morphology
(Liu et al., 2006), geochemistry (Liang et al., 2009), and magnetic
properties typical of eolian loess (Hao et al., 2008). These silt
sequences, similar in lithology and highly correlative in magnetic
susceptibility and grain-size time series, mantling the highlands from
the southern slope of the Qinling Mt., Qinan region, to the top of the
Huajialing Mt. (Fig. 1B), and Tibetan Plateau (Lu et al., 2004), can only
be eolian in origin, whereas AZ interpreted the Qinling Mt and
Huajialing Mt as the sources for distal-fans.

3. The assumption of a common basin

AZ's study is based on the assumption that the study regions
occupied a common basin thought to ‘fit well with an active foreland
basin’. However, no evidence suggests a Cenozoic foreland basin here
because plate collision occurred in the Late Triassic and a foreland basin of
Triassic–Jurassic age existed south of Qinling (Meng and Zhang, 2000).

Instead, available studies (Ma, 1989; LIS-CEA, 1993; Meng and
Zhang, 2000) defined three distinct tectonic/geomorphic units in the
region (Fig.1). They are (1) the Qinling Mt. with intermontane basins,
belonging to the Qinling orogenic zone, (2) the northern frontal fault
zone of Western Qinling (NFFWQ), and (3) highlands and inter-ridge
basins around Qinan, as a marginal part of another tectonic unit, i.e.
the Qilian orogenic zone.

The distribution of Neogene sediments is consistent with this
tectonic/geomorphic setting (Fig.1), indicating that the basic pattern
had formed by the earlyMiocene (Yuan et al., 2007). An erosion phase
in the late Pliocene led to the formation of hilly topography in
the study regions, with only thin Quaternary loess preserved (Hao and
Guo, 2004; Yuan et al., 2007). These observations do not support AZ's
suggestion of a common basin and a vast flat region during the late
Miocene.

4. Sedimentary sequences of different origins from various
geomorphic units

Rather than deposition in a common flat basin, the six sequences
cited by AZ represent different sedimentary units, mostly separated
by higher rocky ridges, such as the Youfu Mt. between the Tianshui
basin and Qinan region (Fig.1). Their Lamashan section is from an
intermontane basin in Qinling with a lacustrine–fluvial fill, while
eolian deposits coexist on higher piedmonts (e.g. ML-V). The Yaodian
sequence of fluvial–lacustrine origin is from a sub-basin within the
NFFWQ.

Yangjiadawan and Shangnangou are located within a small inter-
ridge basin with water-laid deposits surrounded by broad highlands
mantled with eolian deposits, including QA-I. Because of Neogene
tectonic and climate instability, some marginal parts of the highlands
and the erosional topography of the loess are covered by reworked
loess deposits, as in the case of the Yanwan section (Fig. 1F). However,
typical loess-soil alternations appear to exist at the nearby Xiashan, as
shown by the numerous paleosols identified by soil micromorphology
(Pan, 2008).

AZ listed some reworked features near QA-I to support their
conclusion. The reworked calcretes and angular clasts they citedmay be
reworked loess near the hiatus or from nearby gully deposits. Similar
syn- or post-depositional features are common features of Quaternary
eolian deposits (Porter and An, 2005; Yin et al., 2007), because loess is
deposited on a subaerial surface. Such small-scale features are,
however, avoided in loess studies through careful sampling strategies.

The different origins of these sequences are clearly demonstrated
by their lithological variability (Fig.1B–H and AZ's Fig.5D). The
geomorphic and sedimentary diversity was documented by Yuan et
al. (2007), who were not cited by AZ. Instead, AZ assumed a common
basin with ‘four stratigraphic units’ and correlated these independent
sequences of small lateral extent to produce a model of fans, distal
fans and shallow lakes.

Evidence of fan bodies critical to AZ's model is lacking. The
interpretation of sediments of small lateral extent with mostly clay to
sandy/fine gravel textures and uncertain ages near Ganquan (GBS,
1968) as rapidly deposited lower Neogene fans which covered a vast
area is difficult to justify. They grouped these sediments in ‘Unit I
occupying most of the accommodation space’. They described ‘Unit II’
everywhere as mudflat/distal fan and shallow lake sediments, but
without evidence of fans. They invoked long-term tectonic stability to
explain the widespread occurrence of fine-grained sediments, even
though regional tectonics was extremely unstable in the late Miocene,
with intense uplift of the nearby Tibetan Plateau (Molnar, 2005).

Thus, AZ's sedimentary model lacks the necessary documentation
of distribution, contacts and sedimentology. Their descriptions of
‘Unit II’ (AZ's Section 3) are confusing because of the lack of location
information necessary to evaluate their interpretations. Of the eight
pictures (AZ's Fig.5) they showed, five have no location and seven
have no depth information.

5. Stratigraphic correlations

AZ were unable to assign an explicit age to their ‘Unit II’. Among
their five sequences, Shangnangou and Yangjiadawan have no
chronology support and are probably of different ages. They did not
take into account the magnetostratigraphic data for Lamashan and
Yanwan (Zhang, 2008) which are unlikely to support their correla-
tions. Yaodian was dated (Li et al., 2006c) at ~12.4–6.5 Ma, much
younger than QA-I (22–6.2 Ma). Moreover, Li et al. (2006c) reported a
~240 m thickness at Yaodian over the Neogene/Paleogene boundary
whereas AZ changed this to 180 m and revised Li et al. (2006c)'s
lithology divisions without giving a reason. Thus, AZ correlated
sedimentary sequences with insufficient support of chronological
data and ignored lithological differences (Fig.1).

6. Concluding remarks

AZ erroneously correlated sediments of different origins and
poorly constrained ages to create a model based on the assumption of
deposition by water in a large common basin. They did not take into
account comprehensive andwide-ranging evidence of an eolian origin
for the Neogene deposits at QA-I and elsewhere on the Loess Plateau,
widely accepted by numerous loess experts (e.g. An et al., 2006; Ding,
2007; Oldfield et al., 2009). These eolian sequences indicate a drying
in northern dust source regions, along with humidification in the
Loess Plateau at 22 Ma BP due to strengthened monsoons, a spatial
pattern that AZ failed to appreciate.



Fig. 1. A) Distribution of the Neogene sediments and relationships with the tectonic and geomorphic settings. Tectonic data are from GBS (1968), Ma (1989), Meng and Zhang (2000).
NFFWQ indicates the northern frontal faulting zone of Western Qinling. Highland regions that contain Neogene loess-soil sequences are shown in darker yellow, in which erosional
topography has beenfilledwith reworked loess. Zoneswith dominantly reworked loess deposits are pale yellow. Distributions offluvial–lacustrine sediments are green. Reddots show the
sites ofNeogene eolian sequences (NL-VII in theHuajialingMt., QA-I andQA-II (Guo et al., 2002), Dongwan (Hao andGuo, 2004), QA-III (Hao andGuo, 2007), QA-IV (Liu et al., 2005),ML-V
(Guo et al., 2008) andNL-VI in Qinling (Ge andGuo, 2008; 2010). Black dots show the sites ofwater-laid sequences cited byAlonso-Zarza et al. (2009) (hereafterAZ). B–E) Field pictures of
the Neogene loess-soil sequences NL-VII, QA-I, ML-V and NL-VI, respectively. F–H) Field pictures of AZ's Yanwan, Shangnangou and Lamashan sequences, respectively. The similarity in
lithology for B–E and their difference from F–H and from Yaodian (AZ's Fig. 5D) show that AZ erroneously correlated sediments of different origins.
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