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Abstract C;PS repetition measurement tb ta  in Qinghai-Xizatlg (Tibetan) area in 1992 and 1994 have been used to 

determine the change rates of seven bascline vectors of 1.hasa-Wenquan, etc. It is the first time to obtain the direct ob- 

servation results of the large-scale crustal horizontal motions in this area. Thesc preiimin:~ry results also for the first 
time provide the direct observation evidence for some important geophysical and geological viewpoints, such as the 

northward gradual reduce of the effect of the northward push-pressing to Eurasian continent by Indian Plate in the 
Qinghai-Xizang area, having a southward strike slip movvmcnt vf the Chuan-Dian diamond block, etc. 
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The Qinghai-Xizang Plateau, called the world ridge, is the youngest plateau in the world at 

present, and the present-day crustal horizontal displacement reaches 1-3 cm/a. It is the region 

where the crustal motion is the strongest in the global continents. Therefore, the Qinghai-Xizang 

Plateau is the most ideal object to study interplate deformation and dynamics. But the quantitative 

survey of the present-day crustal motion in this area is basically limited to its vertical movement, 

and the observed results of the large-scale horizontal motion are not available till now. Hence, 

there is no evidence about horizontal displacement to study the dynamic mechanism of the crustal 

motlon in the Qinghai-Xizang Plateau area. 

Now the development oi GPS technique guarantees the direct surveying of large-scale crustal 

movement of the Qinghai-Xizang plateauL ' . Investigation on Present Crustal Motion and Geody- 

namics in China, as one of nationally important basis research programs in China, has set up a 

GPS network for measuring and monitoring the crustal motion in China. The first test was oper- 

ated in the Qinghai-Xizang Plateau in 1992, and the second was extended to the whole continent 

of China in 1994. In the two tests seven baselines in the Qinghai-Xizang area were repeatedly 

measured. Using SHAGAP software system, which stands for Shanghai Observatory GPS Analy- 

sis Program, these seven baseline vectors and their change rates have been preliminarily deter- 

mined. The results show that the estimation of the baseline change rates is reliable, and are avail- 

able to study the crustal horizontal motion in this area. 

1 SHAGAP software system 

As one of the analysis centers of new spatial techniques in IERS, Shanghai Observatory has 

been developing the GPS analysis program systenllt"', named SHAGAP, to process the GPS da- 

ta,  and to estimate satellite orbit , geodetic and geodynaniic parameters. The SHAGAP software 



No. 3 MEASURING CRUSTAI, MOTION I N  QINGHAI-XIZANG BY (;PS TECHNIQUE 315 

system is based on the GAMIT program from MIT and SHORDE program which is used to pro- 

cess SI,R data estimating satellite orbit and dynamic and geodetic parameters at Shanghai Obser- 
[ ? I  vatvry . 

Poss~ble solution parameter, in SHAGAP process are: Initial states of all satellites (solar radi- 

ation pressure scal~ng factors, scaling factors In 1 ,  ,- directions in the satell~te body f~xed frame 

can be either the same or different) ; addit~onal y bias value; a set of station clock parameters in- 

clud~ng epoch, rate and accelerat~on parameters; Zenith delay parameters for each statlon and each 

sesslon for selected interval; ambiguit~es (for I,, and L2-Id1) for each station and each session; sta- 

tion coordinates; polar motlon and length of day; geocentric coordinates. 

For all cases, dual frequency double difierence phase measurements are used in the estima- 

tion, and pseudo-range measurements are used to correct the respectwe station clocks and to fix 

the ambiguit~es. 

2 Campaigns and data processing 

The first observation campaign was only performed in the part area of the Qinghai-Xizang 

Plateau with 4 sets of WILD 200 dual frequency GPS receiver during Oct . 8-12, and Oct. 21- 
23, 1992. The secvnd campaign was extended to whole network operated in Aug. 1994 with 15 

sets of WILD 200 GPS receivers. The campaign of 1994 was divided into eastern section from 

Aug. 15 to Aug. 20 and western section from Aug. 28 to Sept . 2 .  Two sections, in which the 

Urumqi, Golmud and Xiaguan stations were three common points, consist of 15 and 10 stations 

respectively. In both campaigns of 1992 and 1994 seven common baselines in the Qinghai-Xizang 

area were repeatedly measured. They were Lhasa-Wenquan, Golmud-Wenquan, Golmud-Xining, 

Lhasa-Xiaguan, Golmud-Xialatuo, Wenquan-Xiaguan and Xining-Xialatuo. 

Baseline processing for both campaigns of 1992 and 1994, was performed on the basis of dai- 

ly solution using SHAGAP software and precise ephemerides and earth orientation parameters de- 

rived from Scripps Institute of Oceanography ( ~ 1 0 ) ' ~ ' .  Tropospheric delay was estimated at each 

station in every 2 or 3 11 period. In the processing of 1994 campaign, two additional IGS core sta- 

tions Taiwan and Usuda were used as fixed points (fiducial points) and their data were processed 

simultaneously with the network data. In the processing of 1992 campaign, the coordinates of 

Wenquan station were fixed which derived from the results of 1994 campaign. 

The repeatability of daily solution is an important criterion of judging solution accuracy. It 

can be written as 

where 71 is the number of daily solution; C, is the daily solution of three components and length of 

each baseline; C is the weighted mean value of Ci ; a, is the variance of C ; .  
Figure 1 shows the daily repeatability in North-South ( NS),  East-West ( E W )  and Up- 

Down (UD) component, and lengths of 7 baselines for both of 1992 and 1994 solutions. Because 

the SIO ephemerides and the data observed for campaign of 1994 are much better than the ones 

for campaign of 1992, the accuracy of the front solutions is obviously higher than the back solu- 

t ions. 
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Fig. 1 . Daily repcv~tability of rcx)rdlniitcs diffcrcnee and lengths for 7 baselines 

3 Results and analysis 

The change rates of lengths and horizontal components of seven baselines are listed in the 

third column of tables 1 and 2, respectively. As a comparison, the fourth column in table 1 shows 

the results without fiducial points in data processing, and the fifth column is the results of per- 

forming a network adjustment using solved baseline vectors and relevant covariances as observa- 

tional values. Tables 1 and 2 show that estimations of baseline vectors and their change rates are 

reliable. These results are used to make some preliminary analysis of the crustal horizontal motion 

in this area. 

'Table 1 C:hi~nac rates of 7 baseline ienaths tnonitored bv (;PS 

Length ( I)/cm Length ( I l ) / cm Length (I l l ) /cm 

changc rate 
(;olniud-Xining (1992) 

(1994) 
change rate 

(;olniutl-X~;~laluo (1992) 
(1994) 

change rate 
1,hasa- Wenquan (1992) 

(1994) 
change rate 

1,has;i-Xiaguan (1992) 
(1994) 

change rate 
Wenquan-X~agui~n ( 1992) 

(1994) 
change rate 

Xining-Xinlatuo (1992) 
(1994) 

changc rate 0 .72  em/ a 1 .07  cm/a 0.68 cm/a 
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Table 2 ('hange rates of horizontal component of 7 1)aselines 

North-South ron~~onent /mi  East-West comwnent/cm 

ch;inge change 
1994 rate/ 1992 1994 rate/ 

Flgure 2 shows the locations of these 6 stations in the Qinghai-Xizang area. The big arrows 

represent the motion direction and rate (mm/a)  of the Indian Plate and various blocks with re- 

spect to the Siberia from the geological and geophysical data. The 1,hasa and Wenquan stations are 

located in the Gangdise ( I l l  ) and Qiangtang ( 112) subblocks of the Xizang block ( 11) respective- 

ly, and the Xialatuo and Xiaguan stations both are in the Chuan-Dian diamond block (113), the 

Golmud and Xining stations are situated in the Qaidam subblock ( 1112 ) and the Qilianshan tecton- 

ic belt (1114)  of the Gan-qing block ( I  11) respectively. 

From these preliminary re- 

sults measured from GPS tech- 

nique, it can be see that in gen- 

eral, the change rates in North- 

South direction are larger t h i i ~ ~  

those in East-West direction ; 

the shortening rate ( - 1. 35 
cm/a) ol N-S component of ill( 

1-hasa-Wenquan baseline is oh- 

viously larger than that of Gol 
mud-Wenquan baseline; t herc 

is a marked stretch for the N-S 
components ol all baseline vec- 

tors of the I,hasa, Wenquan, 

Golmud and Xining to the, 

Xialatuo or Xiaguan situated 111 

the Chuan-Dian diamond Fig. 2 .  Tlrc. Ic~cations of Llliis;~. W<-ll([l~i~tl i ~ l r ( l  otllcr s t i ~ t i ~ n s  in I I I L ,  Qi~~glli~i-Xizi~ng 

block. These motion features l'I"t"lL'. 

indicate that all Lhasa, Wenyuan and Golmud stations have a northward motion under the effect 

of the strong northward propulsion of the Indian Plate. The motion rates decreased from south to 

north as the elfect ol the propulsion on various blocks in the Qinghai-Xizang Plateau reduced from 

south to north. The Chuan-Dian diamond block situated in southeastern part ol the Qinghai- 

Xizang Plateau has an obvious soutllwarcl strike slip movement at the rate ol about 5 mnda.  
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4 Conclusions 

1 )  At present, the relative accuracy of measuring baseline is better than 10 8, and near l W 9  

using GPS technique. It is possible to obtain a reliable information about large-scale crustal hori- 

zontal motion from the periodic repetitious measurements for a short time. 

2 )  These preliminary results for the first time give the direct observed evidence for support- 

ing the opinion that the main force source to affect the motion of Chinese continental crust is from 

the northward propulsion of Indian Plate. The results also give the evidence that the effect of the 

propulsion on crustal motion of the Qinghai-Xizang area is gradually reduced from south to north. 

3) The result shows that the Chuan-Dian diamond block, surrounded by the fracture from 

Jinsha River to Honghe River and other fractures from south to north in southwest China, has a 

southward strike slip movement at the rate of about 5 mm/a, which coincides with the motion 

model from the geological or geophysical data. 
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