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Summary:

In a cooperative project between Tibet University and the University of Bergen, a small seismic network was installed around Lhasa between June 2004 and September 2005 (Figures 2 and 8 to 10). The network currently has 4 good stations.  The network has experienced operational problems, however during 2006 the network operation was improved due to station relocation, and in 2007 the stations were quite stable. During the first 3 years of operation, (June 2004 to July 2007), the network recorded around 1829 earthquakes. In 2006,  results from the network were presented by Tsoja Wangmo at a seismological conference in Nepal. There was one visit from  Bergen to Lhasa and one MSc student (Tsering) graduated from the University of Bergen. The first local student did her thesis on the seismicity of the region in Tibet Univ. in 2007. One of the goals of the project is enhancement of the capacity for seismology related research in the region. The results of the first 3 years of earthquake processing in Tibet has encouraged us to focus on specific areas with high seismicity and expand the network by 4 more stations.

Development goal: 

The project has the goal of building local experience in earth science with special emphasis on seismology. This goal should be reached through practical experience with the following activities:

· Build and maintain a seismic network around Lhasa

· Locate earthquakes and determine magnitude.

· Advise the public about earthquakes occurring in the area.

· Advise public authorities on all aspects of the local seismic risk and give general advice on earthquake related problems.

· Calculate seismic hazard

· Teach basic seismology and geophysics.

· Build up a local database for research (will attract scientist from outside for cooperative projects).

Project activities in 2007:

The TBU (Tibet University Seismic Network) has been operating since 2004. At present time  there are four stations running quite stable. In January 2007, station TAGA was removed temporarily because of the reconstruction of the place that the instrument was installed there.  A big reconstruction project is going on in the rural area of Tibet, where many families  construct new houses. On July 14, 2007 since the reconstruction was over, the instrument was reinstalled in the same position. 

  The seismic stations of the TBU network are given in Table 1.

Station name
Station code
Distance from Lhasa (km)
Time to travel from Lhasa
In operation since

Nhimo
NHIM
130
2 hours
June 2004

Taga
TAGA
70
1 hours
January 2006

Chudi
CHUD
4
10 min
April 2005

Chusang
CHUS
70
1.5 hours
September 2005

Table 1: Seismic stations of TBU network running by Tibet University.

The technical operation  worked better in 2006 than earlier years since relocation of stations  made access easier. As expected, less technical problems emerged in 2007, however the operational shortcomings (lack of operator) were larger compared to previous years. 

The TBU has data available since June 2004. During the first 2 months of operation, only one station was working for a limited time. The number of events has increased after the network was properly established in August 2004. A total of 1829 events have been record by TBU from the establishment until July 2007. For the period of January to July 2007, about 701 earthquakes have been recorded by the network. Of these, 406 events were located around Lhasa, and 35 events have been recorded by more than 2 stations (Figures 4, 5).

The seismicity pattern shown in Figure 1 reveals several regions of high activity. High activity is observed along the Damshung fault zone (running parallel to the south-eastern shore of Lake Namtso). Activity increases near to NHIM, probably due to the increased detection threshold near the station (Figure 2). Another region of high activity is located around 29-31N, 91-92.5E. This activity is probably related to active tectonic structures in this area.

One of the main factors controlling the precision of earthquake locations is the number of stations recording an event. To enhance the precision of the network, we concluded that the network should be expanded in order to increase the number of events recorded by three or more stations.

During year 2007 our colleagues (Tsoja Wangmo and Tsering) have been facing lots of problems for data processing. Both Tsoja Wangmo and Tsering have lots of teaching load as well as other daily duties. Especially this year Tibet University was facing a university evaluation which took a lot of time. So our project couldn’t develop as scheduled. Because of the evaluation process, Tsoja Wangmo’s visit to  had to change from August to Nov 2007. A similar situation has happened for the visitor from  Bergen to Lhasa.

For data processing we also could not finish in time. Tsamlha, the operator who used to work with the data got another job and left the processing of the data at end of year 2006. We hired a student to process the data. Her training period was about a month to go through all the routine processing steps. Despite her good computer background as well as rather good English background , she has  very short free time available for working with the data. In the period of 12th to 28th of November 2007, Tsoja Wangmo visited Bergen University to test the new instruments and also discuss further study around Tibet. 
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Seismicity around Lhasa

Seismicity around Lhasa for period 2004 to July 2007 is shown in Figure 1 (TBU database) and Figure 3 (PDE database). For this period we have 1829 events located by TBU. But because of most of events are only recorded by one station, their location is not so reliable. Comparing Figures 1 and 3, there are some parts of the seismic pattern seen in both figures. It is clear that a far better coverage regarding the local seismicity can be achieved from the TBU recordings. For period of January to July 2007 more than 700 events have recorded by TBU. Among them there were 232 events locating around Lhasa as shown in Figure 4. 35 events have been located using more than 2 stations (Figure 5). Comparison of Figures 1 and 3 shows a clear mismatch between apparent quiet region deduced from PDE data, and the abundance of small events deduced from TBU data. 
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Expansion of the network

The TBU recorded events have led us to have a better understanding of the pattern of seismicity around Lhasa, and accordingly we are going to install 4 more mobile seismic stations around the area with high seismicity which also cover part of an important strike-slip fault, Damshung, to the west of Lhasa. This north-easterly directed fault is passing next to TBT1 as shown in Figure 2. It is considered that activity on that fault could present a significant hazard for Lhasa so a close study could be important.

The GCMT (http://www.globalcmt.org/CMTsearch.html) solutions (Figure 6) for the area with radius about 400 km around Lhasa shows a regional scale picture of the governing stress system in the area. To the west of Lhasa, about (30N, 90E), there is a well-demonstrated high activity region based on the TBU network, which cannot be recognized on the PDE locations.  This region coincides well with the focal mechanism by GCMT in Figure 6. It can be said this is one of the important results of the installation of TBU network. The proximity of this high seismicity area to Lhasa and other residential areas along Yangbajing, Damshung, Nagqu line had been among other parameters for installation of the new temporary network, which includes 4 seismic stations of better type equipment. By installation of these stations, totally 8 stations will be in TBU network (Figure 2). 
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More specific activities: 

Teaching 

During April–July, Tsering had 18 hours lectures about basic geophysics for students. Contents of the lectures included:

· Global seismotectonic 

· Different fault types and wave types 

· Regional seismicity mainly dealing with Lhasa area related to regional structure 

· Earthquake location 

[image: image8.jpg]



Research 

In June 2007 one student finished undergraduate thesis about Lhasa seismicity during 2006. 

Shen Bingguang  supervised by Tsoja Wangmo wrote his thesis titled “Lhasa seismicity during 2006”. 

Visits 

Tsoja Wangmo visited Bergen  to learn how to operate the new instruments. At the same time she discussed plans for the next year operating as well as the plan of the field work in beginning of 2008. During this trip the possible sites around Lhasa to put up those new instruments were chosen as show in Figure 2. Those possible sites were checked again when Tsoja was back in Lhasa. The report of this visit is given at http://www.geo.uib.no/seismo/REPORTS/TIBET/bergen_visit_2007.doc
The local database of TBU  had back up in Bergen University and the database was updated.
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Other developments

Moving the seismic lab to the east side of Lhasa 

Since the new campus of Tibet University was half finished, the Geophysics institute (including the Seismo Lab) was moved to the new and better equipped (Figure 7) building  in August 2007. At present there are ten researchers involved with the daily operations in this institute. For the seismic section the following five researchers are involved: Norsang, Nhimapingtso, Tsering, Dorgedrunma, and Tsoja Wangmo.
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�Figure � SEQ "Figure" \*Arabic �3�: Seismicity around Lhasa (USGS database) for the period of 2004 to July 2007. Compare with Figure 1 showing the  earthquakes from TBU  database for the same period. The number of events in the above region is 130.





�Figure � SEQ "Figure" \*Arabic �1�: Seimicity around Lhasa (TBU database ) for the period of 2004 to July 2007. The filled circles show the seismicity and their coloring is based on depth according to the color bar to the right. Compare with Figure 3, the earthquakes from PDE (USGS) database for the corresponding period.





�Figure � SEQ "Figure" \*Arabic �8�: The location of the seismic station in Chudi.





�Figure � SEQ "Figure" \*Arabic �9�: The Chupsang monastery housing the CHUS station. The instruments are in one of the topmost buildings to the right.





�Figure � SEQ "Figure" \*Arabic �10�: A typical installation of each of the four current stations of TBU network. This is the CHUS installation, with the sensor to the left (small gray box), and the digitizer to the right.





�Figure � SEQ "Figure" \*Arabic �4�:  Seismicity around Lhasa January- July 2007. The number of recordings for this period is more than 700, while 232 of them fall in the above region.





�Figure � SEQ "Figure" \*Arabic �5�: Seismicity around Lhasa January- July 2007. All events are  recorded by  two or more  stations. Totally 35 events fall whithin the shown region.











�Figure � SEQ "Figure" \*Arabic �6�: The Global CMT solutions for some of the larger than 5 and all larger than 6 earthquakes for period of 1976-2007 in the area around Lhasa.





�Figure � SEQ "Figure" \*Arabic �2�: Seismic network of TBU. The triangles are the current or displaced stations. The squares are the planned stations to be installed in 2008. Station JAMG is diplaced and PALB has a limited recording and none of them is operating anymore.
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