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Abgract The theory of the loading/ unloading response ratio (LURR) was applied to the Jiashi earthr
gquake sequence which occurred at the beginning of 1997 in Xinjiang, and found that , before the earth
quakes with relatively high magnitudes in the sequence, the ratio showed anomalies of high values.
That is to say, the LURR theory can be applied to the short-term earthquake predictionin some cases,
especidly in the early period &ter a strong earthquake , such as the forecasts for some strong earthr
gquakes in the Jiashi sequence.
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AFTER the occurrence of a strong earthquake , the immediate requirement is to make a judgment as
o0n as possble if there are probabilities of the occurrence of another earthquake with a larger or
the same magnitude, and furthermore, if the sequence is of a mainshock-aftershock type, i.e. if
only earthquakes with smaller magnitude than the mainshock occur.

The Jiashi sequence began with a Mg 6. 4 earthquake at 09 47, 21 Jan. , 1997 (located at
39.6N, 76.9E) , and till 31 May, 1997, 7 earthquakes with magnitudes =6 and in total 5 480
earthquakes with magnitudes M_ = 1.0 occurred. Among them, the strongest oneis the Ms6.6
earthquake on 11 April , 1997. It israre and noticeable in geoscience studies that ©© many strong
earthquakes occurred in such a short period in the same region.

The sequence was too complicated for the usua methods to anayze. Usng the records from
the Kashi Seismological Observation, Xinjiang, we traced the variation of L URR during the pro-
cessof the swarm, trying to apply the theory of the LURR to the tendency judgment &ter large
earthquakes. We found that the L URR had shown hi gh value anomalies before the reativey large
earthquakes in the sequence. Success ul forecasts were made before some of these lar ge ones.

1 Methods

The theory of LURR! ™! introduced a new parameter , LURR ( Y) , which gives the instar
bility of a nonlinear system. Its definitionis

Y = , (1)

where X, and X . represent the response rate of the system in the loading and the unloading peri-
od, regectively. When the system isin a stable state, the values of the loading/ unloading re-
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goonse rate are approximately equa , and thus Y isabout 1; when the system getscloser to the un-
stable state, the loading regponse rate becomes bigger than the unloading one, and thusthe Y val-
ue increases; when the system isin an unstable state, Y will tend to infinity.

We take the stress caused by the action of tide induced forces by the sun and the moon to the
lithogphere as the source for loading/ unloading , and the geophysca variables, such ascrust defor-
mation, gravity , underground water level , which can show the process that the system becomes
unsgtable, as the reponse. Up to now , the LURR with the energy released by the earthquakesin
the studied region as the reponse has been sufficiently studied and applied.

The agorithm to calculate the LURR isoutlined below :

Y:@, (2)
| 7€)

wherd’ +” and® - " represent loading and unloading repectively , the subscript i gives the s=
guence number , and m can beanyof 0, 1/3,1/2,2/3, 1, etc. Herewe use m=1/2 to cacu
late the LURR.

As a new method for earthquake prediction, the theory of the L URR has been tested by dif-
ferent kindsof earthquake data. Some satidying results were obtained &ter it wasput into prac
ticel241.

2 Analysis on the background anomaly before the occurrence of the sequence

To caculate the LURR vauesin the period from the year 1990 to the occurrence time of the
sequence , we used the earthquake data
from a 2° x 2° region neighboring the
epicenters, and took 1 year as the
length of time windows and 2 months
as the diding step length (figure 1) .

Fromfig. 1, we can see that the

Y value keeps a low level from 1990
to 11 Nov. , 1994. From the end of !
1994 on ! Y shows hlgh value anomar 1990 19'91 1‘;92 19[93 1994 1995 15"9:5 1997
liesfor about 1 year. In March 1996 , Year

an M 6.9 earthquake occurred in
Atux . 40 km from Jiashi. After the Fg. 1. Variation of the Y vauein the epicentrd region before the Jiashi

N

earthquake, the Y vaue keeps a high swarm.

level. The shape of variation of the Y vaue hereis dmilar to that for the Ms6.1 and Ms6. 2
earthquakes in Beibu Gulf. That isto say, the high value anomaliesof Y to some extent show that
the system for the earthquake preparation or the earth blocks are ill in an unstable state or more
unstable, and imply that another one or more earthquakes would occur. In aword, the anomaies
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of the LURR are quite distinguished in this region before the earthquake sequence.

3 Tracing the Y value during the sequence

The activity in the decay process of this earthquake sequence is quite changeable from its be-
ginning. Although the work tracing the sequence found ome anomalies before a part of the rda
tively large earthquakes in the sequence by usng the usua methods, such as h-vaue, bvadue,
s smic wave parameters, etc. , the anadysson the whole process of the sequence is gill far from
satifying.

To study the features of the
LURR’ s variation in the process of
the sequence systematicaly, in red
time, we calculated the Y vaue us
ing a diding time window with as 4

<]

length of 5 daysand a step of 2 days.
The variation of the Y vadues with 2
timeis shown in figure 2.

Fromfig. 2, dter the M 6.4
earthquake on 21 January, the Y *onth
values formed severa peaksin atime

Fg. 2. Variation of the Y vauein the process of the Jiashi sequence. The

interval of 4 or 5 months, not as the verticd lines represent earthquakes: each dot line represents one earthquake;

usual mainshock-atershock type Se= giid line represents more than one earthquake in the same day. The scde of
guence which has Y vaues decreas the vertica axis gives the vaues of LURR and the magnitudes of the earthr
ing rapidy to 1. The seismicity in uakes.
thisperiod is that severa strong earthquakes with the maximum magnitude of 6. 4 occurred and
formed the Jiashi strong earthquake swarm. The seismicity patterns concord with the features of
the Y values.

There are 4 peakswith Y >2, corregpondingly , 1 or more earthquakes with M > 5 occurred
ater or in each peak and amost no event in the nonpeak periods. No earthquake with Ms>5 oc-
curred during the other small peaks.

4 Conclusion and discussion

The above analys s shows that the loading/ unloading regponse ratio gives efective information
of anomaly in the processof theJiashi earthquake sequence. The high valuesof the LURR usualy
occur severa days before big earthquakes. That isto say , ater a strong earthquake, there is high
risk of another strong earthquake in afew daysif the peaksof the L URR value reappeared.

Recently , the internationna seismological field discussed quite lot of topicson the earthquake
prediction. No breakthrough has made in the research on the earthquake prediction, egecidly for
short-term or immediate prediction, athough it has been studied for severa decades. Many seis
mologistsfed pesimistic about it and believe that it is difficult to make a short-term prediction
with the precison of severd daysin the present stage. The Chinese seismologists have made some
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achievementsin thisfied in the last several decades. The study on the variation of the LURR in

this note can be one of them.
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Abstract Eclogite wasfirst discovered at the northern margin of the Qaidam Basinin this study. It oc-
curs as pods in the gneiss sequence of Middle to Upper Proterozoic age and is mainy composed of gar-
net , omphacite, phengite and rutile. The garnets contain 44 % —62 % of amandine, 15 % —33 % of
grossuar and 12 % —30 % of pyrope molecues, and the onphacites contain 40 % —46 % of jadeite.
Applying garnet- clinopyroxene thermometry and jadeite geobarometry , the peak conditions of eclogite
facies metamorphi sm occurred at about (722 +123)  and at the pressure of up to c. 22 x 10° Pa.
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THE coecite bearing eclogite and ultra- high pressure metamorphism in the Dabie and Sulu areasin
East China have been attracting great attention of the geostientists in the world snce they were
recognized in 19871121, Eclogite and high-pressure metamorphism have as been reported from
the Altyn Tagh and Tianshan Mountains!®***! | NW Chinain recent years. During the field season
of Sno- French collaboration of 1996 we found that eclogites occur at the northern margin of the
Qaidam Badn. All these discoveries make us reconsder the tectonic framework of NW China as
wel asof East China.
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