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Abstract 
Nakamura method, i.e. H/V method of ambient tremor, is applied in a small-scaled lacustrine sedimentary basin in 
Northeast China, which is suspected to be a meteorite impact crater covered by soft and deep lacustrine deposit layers. The 
ambient tremor was observed for hours at 50 points in the basin, and then horizontal Fourier amplitudes to vertical Fourier 
amplitudes ratios, i.e. H/V spectral ratios, were calculated. The results showed that in the whole basin the predominant 
periods of H/V spectral ratios of all observation points were identical, but with different amplitudes. The in situ geological 
drillings showed that the peak values of H/V spectral ratio amplitudes at the predominant period (corresponding to 0.72Hz) 
depended on the depths of soft deposit soil and the distances to the basin center. The fact that H/V spectral ratios on the 
ground surface in the whole basin had only one predominant period but with different amplitudes indicated that the ambient 
tremor propagating through the deep and soft soil layers was affected by the three dimensional structure of lacustrine 
sediments, rather than the local soil depth right under the observation point . Our observations in several other sites showed 
that the H/V spectral ratios were not sufficient reliable when there were strong vibration sources on the ground surface 
nearby, meanwhile the H/V spectral ratios in this basin gave a satisfied result. We thought that no obvious vibration sources 
in this basin guaranteed the reliability of Nakamura method. In addition, amplitudes of H/V spectral ratios at the 
predominant period should be used in soil velocity inversion when the soil layers vary violently in horizontal plan, which 
could not be treated as one dimension layered medium any more. 
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1. Introduction 
Ground motions induced by earthquakes are significantly influenced by dynamic characteristics of covering soil 
layers near ground surface, as thick and soft soil layers would obviously change the strength and frequency 
contents of ground motions. The conventional research methods of seismic site effect are Standard Spectral 
Ratio (SSR), Generalized Inversion Technique (GIT), Wave Propagation Simulation, and Nakamura method or 
horizontal to vertical spectral ratio (H/V spectral ratio) method.  

H/V spectral ratios of seismograms were first used in inverson of crustal and uppermantle velocity 
structures[1,2]. One decade later, H/V spectral ratios of ambient tremor were used to evaluated seismic site 
effect[3], and then H/V spectral ratios of strong-motion accelerograms were applied to study the same problem[4]. 
The current consensus amongst the world's scientists is that the site predomainant periods determined by H/V 
spectral ratios of ambient tremor are satisfied, but the amplification ratios of strong motions from the bedrock to 
ground surface determined by H/V spectral ratios are not sufficent reliable[5,6,7]. Meanwhile, the H/V spectral 
ratios of accelerograms under weak to medium ground motions are considered to be more reliable, as they are 
unique within the error range at the same observation point in different earthquakes[8], and they have strong 
relationship with site geological conditions[9,10] and the spectral ratios obtained by SSR[5,11]. A more reliable 
spectral ratio, ground surface spectra to down hole spectra, is also introduced to evaluate the motion 
amplifications of soil layers[12]. This method is much more reliable than other spectral ratios in site effect 
evaluation and soil velocity structure inversion at the observation point, but it is not a realistic method for all 
engineering sites in need of site effect evaluation for the lack of down hole observations. Ambient tremor arrays 
are also used to help inverse the soil velocity structures, but it still needs verifications when engineering sites 
could not be treated as horizontal layered medium. 

The horizontal to vertical spectrum ratios (Nakamura method) of ground microtremors developed by 
Nakamura and his followers, was thought to be an efficient and economic method to estimate the overburden 
layer depths of alluvial sites, the shear wave velocity structures of soil layers, and the site amplification of strong 
ground motions. Meanwhile, there are still some doubts about its instability of theoretical foundations. 

Our research team endeavors tentatively to develop a method of three dimensional modeling of actual site 
using H/V spectral ratio distribution and limited geological drillings. Three dimensional modeling is 
fundamental and essential in site seismic numerical simulation. The dense geological drillings can give the most 
reliable soil layer structures, but it can not to be applied to every site because of its high capitalized cost. If H/V 
spectral ratio distribution of ambient tremor could be found dependent on the soil layer structures or the soil 
velocity structures, the site modeling of seismic numerical simulation can be carried on at an affordable cost. 
This article focused on the verification of the efficiency and reliability of Nakamura method in a small-scaled 
lacustrine sedimentary basin, Xiuyan meteorite crater, in Northeast China. 

2. Xiuyan meteorite crater 
Xiuyan meteorite crater(Fig. 1), centered at 123.462°E, 40.366°N, is located at low mountain and hilly 

area of Liaotung peninsula, Northeast China. The shape of the crater is a closed circular funnel, whose crater 
ridge diameter is 1800 meters, and basin bottom diameter is 800 meters. The altitudes of the crater ridges are 
250-344 meters, and the altitudes of the basin bottom surfaces are 130-150 meters. The slope angles of the inner 
crater edge are 35-40° while the slope angles of the outer crater edge are much smaller.  

The bedrock of the crater is leptite of Lower Proterozoic, which also exposes sporadically on the crater 
ridges. The hillsides are mostly covered by completely weathered, saprolite, and diluvium layers with a depth of 
0.5-6 meters. The surface of the basin bottom is covered by alluvial-diluvial gravel soil, but a narrow talat from 
the basin center to the crater outside in the northeast direction reveals that there are lacustrine sediments under 
the overburden shallow gravel soil. 

This small-scaled basin is considered to be the first acknowledged site showing significant seismic basin 
effect inferred from earthquake damages in China. In Haicheng M7.3 earthquake on 4 February, 1975 which 
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happened about 60 kilometers far away, 39 sets of rural buildings near the center of the basin bottom collapsed 
and caused casualties, 23 buildings a little further from the basin center were severely or moderate damaged, and 
the other more than 60 buildings at the edge of the basin were slightly or not damaged. It was also reported that 
sand boiled along fissures around the basin center, which is regarded as typical liquefaction phenomena that 
appear under strong ground motions. Meanwhile, no severe or moderate damages were reported from the nearby 
villages outside of this crater comparatively. 

The ambient tremor level in Xiuyan meteorite crater at midnight is extraordinary low as it is located in a 
secluded and quiet place far away from vibrative industrial facilities or heavy-duty traffic systems. So we chose 
it as a satisfactory in situ experiment site to verify the efficiency and reliability of Nakamura method in 
estimating the overburden soil layer structures of deep and soft alluvial sites. 

 
Fig. 1 – Geological map of Xiuyan meteorite crater [13] (adapted form Qin, et al., 2001) 

3. Ambient tremor observations 
Ambient tremor in Xiuyan meteorite crater was observed at midnight with Basalt, an accelerograph with a built-
in triaxial force balance accelerometer produced by Kinemetrics. The observation points were shown in Fig. 2, 
and the H/V spectral ratios at some points along a profile line across the basin were shown in Fig. 3. 
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The H/V spectral ratios showed that in the whole basin, the predominant periods of H/V spectral ratios of 
all observation points were approximately identical to a unique value 0.72 Hz, but with different amplitudes. 
From the local areas centered at points 19, 20, and 44 to the foot of the crater, the peak values of H/V spectral 
ratios near 0.72 Hz attenuated from 4.63 to 1.0 gradually. 

 
Fig. 2 – Distribution of ambient tremor observation showed in solid points (The hollow circles denote the 

geological drilling positions) 
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Fig. 3 – The H/V spectral ratios at points along a profile line across the basin 
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4. Geological drillings 
In order to reveal the soil layer structures, 24 engineering geological holes (showed in hollow circles in Fig. 3) 
were drilled. The drilling results (Fig. 4) revealed that the ground surface is covered with alluvial-diluvial gravel 
layers constituted with a thin cultivated soil layer and a pebble layer of varied thickness. Beneath the alluvial-
diluvial layers there are thick lacustrine sediment layers constituted with black, soft and clastic lacustrine 
deposits up to 100 meters deep. The gravel strata with a thickness of up to 50 meters were found between the 
lacustrine sediment layers and the bedrock, which were probably formed by landslides occurring soon after the 
meteorite impact. Gravel intercalary strata of small thickness were also found among the sediment layers at 
inconstant depths. 

The shear velocity of the soil layers were also tested in two drilling holes, and the results showed that the 
shear velocity of lacustrine sediment increased with depth linearly from 120 m/s to 410 m/s. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 – Drillhole columns along a profile line across the basin 
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5. Factors affecting H/V spectral ratios 
The depth of the soft and deep lacustrine deposits at the observation point was always thought to be the greatest 
factor affecting the ambient tremor, as shown in Fig. 5. As the H/V spectral ratios attenuated with the distance 
from the observation point to the basin center, it was considered to be the other important factor affecting the 
ambient tremor, as shown in Fig. 6. The correlation coefficient between H/V spectral ratios at f=0.72Hz and the 
depth of lacustrine deposits was 0.446, and the correlation coefficient between H/V spectral ratios at f=0.72Hz 
and the distance to the basin center was 0.663, which indicated that the H/V spectral ratios depended on the 
distance to the basin center much more significantly than the depth of lacustrine deposits. The binary linear 
regression result with the least square method also indicated that H/V spectral ratios at f=0.72Hz were less 
dependant on the lacustrine deposit depth than the distance to the basin center, as in Eq. (1), 

 
0.72 3.59 2.228 / 3.680 / 0.69fRatio D C R C= = + − ±  (1) 

where D  denotes the depth of lacustrine deposits, and R  denotes the distance from the observation point to the 
basin center, and C  denotes the basin bottom radius and C =800 meters. 
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Fig. 5 – Ralationship between H/V spectral ratios at f=0.72Hz and the depth of lacustrine deposits at the 

observation point 
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Fig. 6 – Ralationship between H/V spectral ratios at f=0.72Hz and the distance from the observation point to 

basin center 

6. Summaries and Discussions 
Focused on the Xiuyan meteorite crater in North-east China, the analysis of high density ambient tremor 
observations indicated that in the whole basin the predominant periods of H/V spectral ratios of all observation 
points were approximately identical to a unique value 0.72Hz, but the peak values of H/V spectral ratios at 
0.72Hz attenuated from 4.63 in the basin center to 1.0 at the basin edge gradually. The correlation between H/V 
spectral ratios at 0.72Hz and distance from observation point to basin center was much stronger than the 
correlation between H/V spectral ratios at 0.72Hz and the overburden lacustrine deposit depth, which indicated 
that the three dimensional basin structures affected the wave propagation severely and this basin could not be 
treated as one dimension layered medium. 

As the near-source environmental vibration caused by ground surface sources was sufficiently weak in 
Xiuyan meteorite crater, the observed ambient tremor was probably scattered from the overlying badrock 
propagating through the soft and deep lacustrine deposits, and this guaranteed a stable H/V spectral ratios 
dependant on the basin structure. Our observations in several other sites including Tonghai lacustrine 
sedimentary basin in Southwest China showed that the H/V spectral ratios were not sufficient reliable as there 
were strong vibration sources on the ground surface in sufficiently close distance. 

Three dimensional model of the Xiuyan meteorite crater would be built based on the geological drilling 
data in the following days, and the frequency-dependent ratios of seismic amplification could be calculated by 
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numerical simulation. Comparisons between the simulated frequency-dependent amplification ratios and H/V 
spectral ratios of ambient tremor would verify the Nakamura method further more. 
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