PROGRESS IN NATURAL SCIENCE

Vol. 17. No. 11. November 2007

Dating and genesis of the upper Weihe River terraces in Longxi
basin, China

Pan Baotian » Liu Xiaofeng, Gao Hongshan, Wang Yong and Li Jijun

(Key Laboratory of Westem Chind s Environmental System, Ministry of Education, Lanzhou University, Lanzhou 730000, C hina)

Accepted on May 21, 2007

Abstract

Seven terraces along the W eihe River in Longxi basin have been investigated. These terraces all consist of archetypal du-

ality in structure namely the floodplain deposits and the layer of gravels overhid by varying thickness of the loess By resorting to various

dating approaches such as palacomagnetic, optically stimulated iminescenece (OSL), “C and bess-paleosol sequence, we provide prelimi-

nary timing of these seven terraces along upper Weihe River. Amalyss on sedimentation characteristics and dating of these temraces showed

that seven terraces may be jointly generated by tectonic uplifts and climatic changes. Tectonic uplifts may accommodate initial river inci-

sion, and climatic change may be responsible for processes of subsequent channel widening and aggradation. Aggradation normally occurs

during gheial periods, in contrast to dow n-cuttings during transitions from glacial to interglacial period. Moreover, on the basisof the tim-

ings and heights of these terraces, we infer that the long-term rate of river incision was determined to be 0.2 m/ kyr during the last 870

kyr which differs from other river incision rates. This discrepancy may reflect spatio-tem poral differentiation of tectonic activities in the

Qinling orogenic belt during the Pleistocene.

Keywords:

Weihe River belongs to the classic tributary of
Yellow River, whose formation and evolution had
been widely studied during the last century, but the

results drew different conclusions. Clapp[ ' and
Babour'” considered that Weihe River may very like-

ly be the paleo-channel of the Yellow River. Ding[ :
proposed that the Yellow River flowed into Weihe
River via Taohe River during the Miocene-Pliocene,
and the upper reaches of these two rivers had been
separated in response to the uplift of Longxi region
during early Pleistocene. But X argued that this
uplift event occurred during the late stage of early
Pleistocene. Based on the research for Cenozoic sedi-
ment strata, Lin et al.'” indicated that the current
river channel of Weihe River was very likely occupied
by the Yellow River during the Eocene, and the Yel-
low River bending around the Ordos block came into
being during late Miocene to early Pliocene. Chen et
al.'? proposed that Weihe River cut through the Bao-
ji gorge around 0.5 Myr.BP. In view of the prevail-
ing opinion that river terraces have been regarded as
direct evidence for the existence of river channels and
fluvial geomorphological evolutions, great efforts to

loess stratigraphy, river terraces climate change, Upper Weihe River.

improve our understanding toward Weihe River ter-
races have been made by both Chinese and interna-
tional scholars. Five terraces have been identified a-
long Weihe River in Baoji, being interpreted as a re-
sult of the collision between Indian and Eurasian
plates. Among these terraces, the highest terrace T

was dated to 1.2 Myr by Lei et al. ' 8], and to about

2.6 Myr by Sun' 7. By investigating the terraces of
Bahe River, a tributary of Weihe River, Porter et

al.'" proposed that these terraces were the result of
the actions of climatic changes during the Pleistocene.
However, for the upper Weihe River above Baoji
gorge, an area located at the junction of the Tibet
Plateau, the Loess Plateau and the Qinling mountains

(Fig. 1), and also situated in margin of “monsoon tri-
[11] . .
7", there was almost no precise dating of ter-

. 412 . .
races form ation , therefore a clear evolution his-

angle

tory is unknown. In this region active tectonic move-
ments and frequent climate changes controlled terrain
. . [13—15]
formation and evolution

suitable for the study of the process of terrace forma-

, making this region

tion.

* Supported by National Natural Science Foundation of China (Nos. 40401007, 40471016, 40421101), and the National Program on Key Basic

Research Project (No. 2005CB422001)

%% To whom correspondence should be addressed. E-mail: panbt @lzu. edu. cn



Progress in Natural Science Vol. 17 No. 11

2007 www. tandf. co. uk/ journals

1335

35°03'

35°02'

anzhou\,

T hejiadazhuan%

OAnjiashan
€2009 m

Longxi

Liangjiaping

\Liupan Shan
\
Laseny\Sokeng, '
35°N } Sy oD
I\ Qin J'LL'ing
Fig. 1.

1 Weihe River terrace sequences in Longxi
basin

Weihe River originates from Niaoshushan Moun-
tains in Weiyuan, Gansu Province, flowing to the
east along the northem flank of Qinling, and joining

the Yellow River in Tongguan City, Shaan’ xi

1
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Location of the study area and sites referred to in the text.

Province, extending 818 km (Fig. 1). The upper
Weihe River channel is narrow, where many basins
are connected by valleys. Longxi basin lies in the
mountains of upper Weihe River, and is only 50 km
to the headwaters. The tertiary red clay is widely dis-
tributed in Longxi basin, and seven terraces are well

developed at Anjiashan (Figs. 1 and 2).
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Fig. 2.

Terrace 7 (T;) is a strath terrace with red clay
as the bedrock, which is 1977 m above sea level
(a.s. 1) and 197 m above the modem river bed. This
terrace is well exposed at Liangjiping along the south-
ern bank of Weihe River. The thickness of the gravel
layeris 5 m, which mainly consists of steel grey aleu-
rite sandstone and red sandstone, and afew conglom-
erate and quartzite, and the biggest grain diameter is
40 em. A 20 cm-thick red coarse sand layer is de-
posited on the gravel, overlaid by a3 m-thick silt lay-
er of floodplain deposits with horizontal bedding.
These fluvial deposits are mantled by 104. 5 m of aeo-
lian loess.
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Weihe River terrace sequences in Longxi Basin.

The bedrock (red clay ) of terrace 6 (Te) is
about 1922 m a. s.l in height, and the strath is about
142 m above the present Weihe River bed. This ter-
race is well exposed at Anjiashan along the southem
bank of Weihe River. The 5 m-thick of river gravels
and 4 m-thick of red and caesious coarse sand with
horizontal bedding are deposited on the red clay. The
gravels are mainly sub-round in shape, brownish in
color and with a maximum diameter of 30 ¢cm. The
loess sequence is about 79 m-thick overlying on the
gravel and sand layers.

The bedrock of terrace 5 (Ts) has an elevation of
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about 1922 m a.s.l and 126 m above the present
river bed. The terrace fill consists primarily of 2 m-
thick fluvial gravel and 2 to 3 m-thick alluvial silt,
overlaid by a 33. 5 m-thick loess. The gravel layer is
characterized by a mixture of gravels and clay, and
the biggest gravel is over 20 cm in diameter, whose
lithological feature is composed of sandstone and fine
quartzite.

Terrace 4 (T4) is a strath terrace with tertiary
red clay as bedrock, whichis 1830 m a.s.] and 52 m
above modern water level. The gravel layer is about
10 m in thickness, which is divided into three layers.
The bottom layer is 3 m-thick, com posed of relatively
small gravels (about 10 cm in diameter) with a good
prephicity and sub-round gravels. In the middle is a 2
m-thick layer of red coarse sand. On the top is a4 m-
thick gravel layer. The gravel in this layer is big,
generally sub-round or sub-angular, and the biggest
one reaches 30 cm in diameter, but with a worse
psephicity. The lithological feature is dominated by
steel grey aleurite sandstone and red sandstone, and
with a few conglomerate and quartzite. A 6 m-thick
floodplain sands and a 58. 5 m-thick loess are overly-
ing the gravel layer.

Terrace 3 (T3) is a strath terrace with red clay
as bedrock, which is 1808 m a.s.l. and 30 m above
modern water level. This terrace is well exposed at
Xishilipu along the southem bank of Weihe River.
The thickness of gravel layer is 2 m, up to 40 cm,
and it is mainly composed by steel grey aleurite sand-
stone. A 3-m-thick coarse sand unit is interbedded
with small gravels, on top of which are 3 m-thick
floodplain silt and 32.5 m-thick aeolian loess.

Terrace 2 (T7) is a strath terrace with red clay
as bedrock, which is 1801 m a.s.l and 23 m above
modern water level. This terrace is well exposed at
Lijiaying along the northern bank of Weihe River.
The thickness of gravel layer is about 3 m, over
which are a 8 m-thick river silt with horizontal bed-
dings and 15 m deposition of aeolian loess.

Terrace 1 (T1) isdistributed along both banks of
Weihe River, which is the main locations for modern
human activities. The bottom of gravel layer is unex-
posed, over which is alayer of 3.3 m-thick loess in-
termingled with sand layer and small gravels. Two
peat layers lie at the height of 0.5 m and 1.3 m, re-
spectiyely .

2 Timing of Upper Weihe River terraces in
Longxi basin

Dating the loess strata capping the river terraces
is an effective method to infer the age of terrace for-
mation, and the basal age of these loess strata can in-
!9 Weihe River

terraces in Longxi basin, with varying thickness of

. L. .6
dicate the age of river incision

loess overlaying the terraces (Fig.3), provided useful
materials for dating river terrace formation. Long-se-
quence Chinese loess chronologies have been well es-
tablished mainly by using a combination of dating ap-
climatos trati-

proaches of magnetostratigraphy,

graphy, optically stimulated luminescenece (OSL)

and '*C dates. These approaches can make us easily i-
dentify the loess and paleosol units and determine the
terraces age along upper Weihe River. Palacomagnet-
ic analysis was performed in the Paleomagnetism and
Geochronology Laboratory of the Institute of Geology
and Geophysics, Chinese Academy
(CAS ), and optically
(OSL) experiment was carried out in Key Laboratory
of Desert and Desertification of Cold and Arid Regions
Environmental and Engineering Research Institute,
CAS, and the C age was dated in the'*C laboratory

of Lanzhou University.

of Sciences
stimulated luminescenece

The seventh terrace (T;); There is a 104. 5 m-
thick loess with 10 loess-paleosol cycles/layers (S,
Sm—Sg) capping this terrace. The bottom paleosol
can be correlated with Sg, according to loess stratig-
raphy and grain size curve of T7 profile (Fig. 4). Pa-
leomagnetic samples were taken in T7 profile at inter-
vals of 0.5 m in the lower part of the profile (0—16
m in thickness) and of 1 m in the middle part (17—
60 m in thickness) and of 2 m in the upper part
(61—99.5 m in thickness), and 97 groups (291
samples) were collected altogether. Progressive de-
magnetizations were carried out by an incremental
step of 50°C till to 550°C or 580°C. The results
demonstrated that the secondary magnetization could
be removed and the prim ary magnetization can be iso-
lated with a temperature of 300 G, with the excep-
tion of some samples that needed to be heated to
350 ‘C. Compared with the standard geomagnetic po-
larity timescale, the transition from normal to inverse
magnetization at 5 m height above the bottom of the
profile may correspond to the B/M boundary with an
age of 780 kyr[ " We noticed that the B/M bound-
ary falls well within Lg, in agreement with the mag-
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netostratigraphy  elsewhere  from  the  Loess should correspond to the so-called post-Jaramillo
17 18 . L 1 . . . .
Plateau' '~ ™. On the basis of grain size data, a layer event (Fig.4), equivalent to the Lantian event in

of paleosol occurs at 3—5 m above the gravel layer,
corresponding to paleosol Sg. Floodplain materials and
gravel layer below paleosol Sg should have been de-
posited during glacial period[ o, namely Lo. By ana-
lyzing the age of the T7, the normal polarity event lo-
cated between 1.5—3 m on top of the gravel layer

L1

Sm

Floodplain sands

Gravel

Tertiary red layer

Fig. 3.

T7
Observed Normal

: .12
the eastern Liupanshan M ountains' ™, whose forma-
tion age corresponds to Lo. Therefore, the basal age

of Sg can represent the age when T7 was created. Its
orbitally tuned age is about 865 kyr[ 1Tt could be

assured that the age of T7 formation is about 870 kyr.

Loess paleosol sequence overlying Weihe River terrace (T,).
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The sixth terrace (Tg):
of 79 m-thick loess with 8 paleosol cycles/layers

T¢ profile is composed

Loess stratigraphy and palacomagnetism of T T profiles.

(S,,—S7), and the bottom paleosol can be correlated

with Sg. Paleomagnetic samples were taken in the Ty
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profile at intervals of 0.5 m in the lower part of the
profile (0—5 m in thickness, including a 3 m-thick
floodplain deposit) and of 1 m in the upper part (6 —
79 m in thickness), and 83 groups (249 samples)
were collected. Pretreatment and measurement of T
samples were the same as T7. Transition from normal
to inverse magnetization at 3 m height above the bot-
tom of the profile should represent the B/M bound-
ary, with an age of 780 kyr (Fig.4), and the flood-
plain materials should have been deposited during Lg.
Based on macroscopic profile description, 3-m height
above the bottom is the paleosol S;. The basal age of
S; 18 787 kyr[ ' 0 the form ation age of T¢was esti-

mated to be about 790 kyr.

For lower terraces (Ts, Ty T3, T,)s overlying
loess is much thinner than that of older terraces.
Grain size data and optically stimulated luminescence
(OSL) dates show that the bottom of the loess cap-
ping those terraces (Ts, T4, T3, T2) may correspond
to the paleosols Ss, S4, Si, Sn (Fig. 5), ages of
which was estimated to be about 620 kyr, 420 kyrn
130 kyr and 60 kyr, respectively[ M Two 'C sam-
ples were taken at 0.5 m and 1.3 m of T, profile
with their ages given at about 3381 =68a BP and
1519 ==90a BP.

formed during the Holocene, thus the age of the ter-

It is certain that terrace T; was

race is no earlier than 10 kyr i.e. the age of T is

about 10 kyr.
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Fig. 5. Loess stratigraphy capping T, T3 T, Tsabng Weihe River in Longxi basin.

3 The genesis of Weihe River in Longxi
basin

River terrace formation is controlled by climatic
[22
I

is shown that the distance that base level changes in-

change, tectonic activity and base level change

fluencing fluvial geomorphology is no longer than 400
km' ?' . The study area is 1500 km away from China s
marginal seas. Even taking the Yellow River as a lo-
cal base level, its distance still exceeds 400 km. It is
obvious that terrace formation of the Weihe River in
Longxi basin has no bearings on base level changes.
Moreover, the study area is located at the junction of
the Tibetan Plateau, the Loess Plateau and the Qin-

. . . . . [13]
ling M ountains where tectonic movement, is aclive

o . 14. 1 . .
and climatic change is frequent[ 3. In this region
river terraces formation are necessarily influenced by

tectonic movement and climatic change.

River incision rates cannot accurately represent

the uplift rate, but reflect the general trend of up-
lift *, and in some cases even reflect uplift rates .
Fig. 6 shows that incision rate of Weihe River is about
0.2 m/kyr since 870 kyr. By analyses of the karst
cave along Qinyou River, Wang[ obtained the aver-
age downcutting rate of 0. 31 m/kyr in the middle
part of Qinling Mountains since the late Quaternary,
and the incision rate of Minjiang is about 1.5 m/kyr
since the late Pleistocené ~' . The difference in esti-
mated incision rates may result from differential uplift
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activities of Qinling Mountains during the Pleis-
tocene, which may indicate that the uplift of the inte-
rior of Qinling Mounains is higher than that of the
northern flank. But, uplift amount of the northern
flank of Qinling Mountains was 197 m during Pleis-
tocene, at the very least.

Paleosols lie in the bottom of the loess capping
seven terraces along the upper Weihe Riverin Longxi
basin, corresponding to Sgs S75 Sss Sy Sps S, So»
respectively. These paleosols suggest that Weihe Riv-
er incised during glacial-interglacial transitions or in-
terglacial periods. When climates were at the begin-
ning of warm periods, climate instability enhanced,
river discharge became higher, the vegetation densely
populated, sediment load lowered and incidences of

floods increased > . All of these may empower the
river to incise into the gravel layer to the strath. In
contrasts during interglacial periods, the relatively
stable climate and low incidences of the mega-floods
decreased the power of river dow ncutting through the
gravel layer. Great thickness of the gravels is found
deposited on the terraces along Weihe River in Longxi
basin. It can be inferred that terrace formation oc-
curred during the transitional period from glacials to
interglacials and that tectonic uplifts accommodated

to vertical incision for the Weihe River.
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Calculated river incision rates of the Weihe River in

Fig. 6.
Longxi basin.

4 Conclusions

The seven terraces preserved along the upper
Weihe River in Longxi basin were estimated to form
about 870 kyr, 790 kyr, 620 kyr, 420 kyr, 130 kyr,
60 kyr and 10 kyr, respectively. Tectonic movements
of the northern flank of Western Qinling Mountains
may accommodate to vertical incisions for Weihe Riv-
er., River incision. and terraces formation may oceur

during periods of glacial-interglacial transitions.
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