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THE loess-paleosol sequences from China potentially provide one of the best terrestrial records 
of past climates. Studies have shown that magnetic susceptibility in the sequences represents a 
proxy climate index closely related to changes of summer monsoon intensity[ls2]. Some inter- 
pretative models have been advanced to account for these magnetic variations, although una- 
nimity of opinion has not been reachedL3]. Recent geochemical studies of chemical weathering 
on the Loess Plateau by the present authors show that some trace element ratios of the loess to 
paleosol can reflect the regional climate. Here we present results of Rb/Sr ratio and magnetic 
susceptibility obtained from the Luochuan loess-paleosol section and have some discussion about 
the relationships between variation of Rb/Sr ratio and fluctuations of climate. 

1 Sampling and analysis 

The Luochuan loess-paleosol section is located 5 km south of Luochuan City, Shaanxi 
Province (35'45'N, 109'25'E). The upper part Depth 

of the section (fig. 1 )  spans the last 130 000 a .  

From the surface downward, the sediments con- 
sist of the Early to Middle Holocene paleosol 
( S o )  ; the Malan loess ( L , ) ,  deposited during 'lLL1 

the last glaciation; and paleosol S1 of last-inter- 
glacial age. A weak paleosol complex ( Ll SSl ) in 
the middle of the loess can be divided into an up- L1s 

per loess unit ( LILL1 ) and a lower one 
( L1 L b  ) . The section was sampled at 20-cm in- 
tervals, resulting in 58 samples for laboratory L I L b  

analyses. 
Magnetic susceptibility of all the samples was 

measured with a Bartington MS2 meter in the Xi'an 
Laboratory of Loess and Quarternary &logy, 
while Rb and Sr contents for each sample were de- LLLl  

termined by using X-ray Fluorescence method 

(XRF) in Nanjing University. The precision of Rb Fig. Comparison of Rb,Sr ratio with the maenetic suscep- 

and Sr analyses is k 1 ( x 10 - ti ) as indicated by du- tibility variation in the Lmhuan loess-paleosol section. 

lcate measurements. PI' 

2 Results 

Rb and Sr contents as well as magnetic susceptibility are given in table 1. Rb contents of 
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Table 1 Results of Kb, Sr and maunetic susceptibility analyses of the loess-paleosol sequence from Luochuan, Central China 

Sample Rb ( x Sr  ( x Rb/Sr Magnetic susceptibility 
Horizon 

No. range average range average range average range bverage 

summer monsoon intensity, changes of Rb/Sr ratio recorded in these paleosol and loess samples 
could also be a response to the climate changes in the last 130 000 a. 

1.05 

0.9 

0.75- 

$ 
\ P 
e: 

0.6 

0.45- 

0.3 

3 Rb/Sr ratio distribution and summer monsoon variation 

Rb and Sr are typical dispersive trace elements. It  is known that ion radius of Rb 

( 1.47.A) is similar to that of K (1.33 A), and ion radius of S r  (1.13 A) is similar to that of 
Ca (0.99 A ) .  So Rb tends to be dispersed in K-containing minerals, such as muscovite, bi- 

Susceptibility(S1) where Y is Rb/Sr ratio and X is magnetic 
Fig.2. Relationship between Rb/Sr ratk, and magnetic susceptibility ( S I )  . Because variation of 
for the 58 loess and paleosol samples from the Luochuan section of magnetic susceptibility in the loess-paleosol 
Central China. 0,  Paleo~ol; 0, loess. 

sequence is directly related to variation of 
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otite and K-feldspar; while Sr  tends to be dispersed in Ca-containing minerals, such as plagio- 

paleosols are evidently higher than those of 
loess, whereas Sr contents are much lower 
in paleosols than in loess. This makes Rb/ 
Sr ratios in paleosols obviously greater than 
those in loess. Just the same as magnetic 
susceptibility, Rb/Sr ratio can be used to 
discriminate paleosols from loess units in 
the section. 

Figure 1 shows distribution of Rb/Sr 
ratio and magnetic susceptibility in the 
seciton. It is evident that the two distribu- 
tion curves coincide with each other. Re- 
gression calculation indicates that there is a 
very good linear relationship between the 
two parameters (figure 2) : 

Y = 0.0022X + 0.41 ( R ~  = 0.930), 

clase, amphibole, pyroxene and carbonate. Some studies on weathered rocks and sediments 
have shown that Ca- and Sr-rich minerals decompose more readily than K- and Rbr ich  miner- 
als under surface conditions, resulting in the marked fractionation of Rb and srC4].  Investiga- 
tions of weathering profiles in many crustal rocks reveal. that Rb/Sr ratio in progressively 
weathered rock increases compared to Rb/Sr ratio of the fresh rock, and enrichment of Rb 
over Sr  is evident in all the studied profiles[51, implying that Rb/Sr ratio could indicate inten- 
sity of weathering of the surficial rocks and sediments. 

Variation of Rb/Sr ratio in a weathering profile mainly depends on loss of ~ r ' ~ . ~ ] .  During 
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leaching and eluviation, Rb can be adsorbed by clay minerals and retained in situ because of its 
larger radius, whereas the smaller Sr is readily removed by'surface water or underground wa- 
ter, leading to increment of Rb/Sr ratio in relict. Therefore, variation of Rb/Sr ratio in a 
weathering profile is essentially related to extent of leaching and precipitation. It should be 
pointed out that the amount of precipitation represents intensity of the East Asian summer 
monsoon. During the domination of the summer monsoon, precipitation on the Loess Plateau 
is heavier, leaching and eluviation are stronger and the loss of Sr is greater, resulting in higher 
Rb/Sr ratios in the paleosols. This means that Rb/Sr ratio can be used to estimate variation of 
precipitation and thus summer monsoon intensity on the Loess Plateau. 

From fig. 1 it can be found that variation of Rb/Sr ratio in the Luochuan loess-paleosol 
section is coincident well with the history of summer monsoon activity on the Loess Plateau, as 
indicated by variation of magnetic susceptibility during the last 130 000 a. Rb/Sr ratio curve 
exhibits three periods of enhanced summer monsoon, including the Last Interglacial, the in- 
terstadial of the Last Glacial and the Post Glacial. During the Last Iiteiglacial (analogous to 
stage - 5 of the 6180 chronologyr71), the Rb/Sr ratio is higher than during any subsequent 
time, with a range of 0.63-0.91 and an average value of 0 .82  (table 1 ) , implying a stronger 
summer monsoon and warm-humid climatic condition. It is interesting to note that Rb/Sr ratio 
in the S1 paleosol displays three peaks which are in correspondence with the three dominant 
periods of summer monsoon during the Last ~ n t e r ~ l a c i a l ~ ~ ~ .  

LtSSl is a weak paleosol complex formed during the interstadial of the Last Glacial (anal- 

ogous to stage - 3 of 6180 chronology) when summer monsoon was intensifiedI2]. Rb/Sr ratio 
in LISSl ranges from 0 .  51 to 0 .  64 and averages 0 .  57, much higher than Rb/Sr ratio in 
LII,L1 which represents the Last Glacial maximum. This means that Rb/Sr ratio can sensi- 

tively reflect oscillation of paleoclimate. &, paleosol was formed in the Post Glacial (stage - 1 
of 6180 chronology), and Rb/Sr ratio in it averages 0 . 7 0  which is situated between the values 
from the S1 and the LIS&. This implies that the intensity of summer monsoon during the Post 
Glacial could be weaker than that during the Last Interglacial, but stronger than that in the 
interstadial of the Last Glacial. 

Based on the above evidence, Rb/Sr ratio in the loess-paleosol sequence is linked to and 
controlled by the intensity of the summer monsoon. Therefore, Rb/Sr ratio can be used to re- 
construct the variations of summer monsoon intensity in Central China during the Late Quater- 
nary. Moreover, the coincidence of Rb/Sr distribution with magnetic susceptibility distribu- 
tion in the sequence might reflect some genetic relationships of the two parameters. Further 
studies should take into account the relations while investigating the paleoclimate changes over 
the I ~ e s s  Plateau. 
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