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New data from west-central Tibet show that birefringence of S-waves has two pronounced increases in
magnitude toward the hinterland. Null birefringence persists to about 75 km north of the Indus–Yarlung
suture (IYS) between the Indian shield and the Lhasa terrane of southern Tibet. A second, rapid increase
occurs about 100 km farther north of the Bangong–Nujiang sutures between the Lhasa terrane and the
Qiangtang terrane in central Tibet. The latter feature is consistently observed along three long transects that
collectively span a lateral (orogen-parallel) distance of about 600 km and is likely to mark the northern,
leading edge of sub-horizontally advancing mantle lithosphere of the Indian shield (the “Greater India”)— an
interpretation consistent with the latest results of finite-frequency tomography using both P- and S-wave
travel-times, previous results of modeling gravity anomalies, and a host of other seismic observations.
Similarly, complementary constraints indicate that the sudden onset of significant birefringence north of the
IYS is likely to be the southern termination of Eurasian mantle lithosphere. Curiously, the shortest of three
transects showed null birefringence through much of the Lhasa terrane, a pattern inconsistent with those of
He isotopes and gravity.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Continental collision is a process fundamental to reassembling of
super-continents — an on-going process, from the Alps to Papua New
Guinea, covering a distance of about 15,000 km. A focal point along
this immense chain of active collision is the Tibetan plateau, a unique
tectonic feature on the Earth with a great elevation of about 5 km over
a vast area of 3×106 km2. The evolution of this massive plateau has
been a focus of continual debate since 1924 (Argand, 1924; Yin and
Harrison, 2000; Tapponnier et al., 2001). Generally there is a
consensus that the plateau is built through a succession of collisions.
The most recent episode involves the collision of the Indian shield
with the Lhasa terrane of southern Tibet, an event that initiated about
55 Ma ago whose surface trace is the Indus–Yarlung suture (IYS). A
previous event, whose surficial expression is the Bangong–Nujiang
suture (BNS) between the Lhasa terrane and the Qiangtang terrane in
central Tibet, occurred in the Jurassic–Cretaceous time (Yin and
Harrison, 2000).

During the past decade, several large-scale projects have been
carried out in Tibet to gain better understanding of the dynamics of
continental collision (e.g., Tilmann et al., 2003). However, most field
deployments concentrated near themain north–south (N–S) trending
highway from Yadong to Golmud (profile GT, approximately along the
92°E meridian), leaving a vast region of Tibet unexplored in detail.
This skewness in focus, largely constrained by logistics, has been
alleviated by Project Hi-CLIMB (Himalayan–Tibetan Continental
Lithosphere during Mountain Building) — the first large-scale field
experiment to unveil the subsurface geology of central and western
Tibet. As themainstay of Hi-CLIMB, over 200 broadband seismometers
were deployed in 2002–2005, including a dense-spaced, N–S trending
linear array extending about 800 km, and a regional array with a
lateral, east–west (E–W) coverage of about 500 km (Fig. 1).

In the first part of this study, we report new results, from data
gathered during Project Hi-CLIMB, of how birefringence of S-waves,
or transverse seismic anisotropy, varies across the Himalayan–
Tibetan collision zone. As a shear-wave propagates through an an-
isotropic medium, its in-plane and out-of-plane components
propagate at different speeds, resulting in differential arrival time
(split time, δt) between the components (shear-wave splitting or
birefringence). To ensure that observed birefringence is caused by
anisotropy beneath the receiving seismic station, it is common to
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use observations of SKS/SKKS phases. Since they propagate steeply
from liquid-to-solid interface of the core–mantle boundary toward
the receiver, the initial polarization of SKS/SKKS phases is radial. As
such a ray passes through a transversely anisotropic region, char-
acterized by a sub-horizontal axis of symmetry, a single, radially
polarizedwavelet splits into two orthogonally polarized components
of different wave speeds (e.g., Silver, 1996). The cause of birefrin-
gence in the upper mantle is generally accepted to be a result of
preferred orientation of minerals (mainly olivine) due to finite
strain. Two leading candidates for causing petro-fabric are tectonic
deformation in the lithospheric mantle and asthenospheric flow
below the lithosphere associated with plate motions (e.g., Silver,
1996; Savage, 1999). The latter is unlikely to be applicable to our case
because many observations on the Indo–Australian plate showed
null splitting, even though it has a uniquely high speed of plate
motion in the hotspot frame of reference (Özalaybey and Chen,
1999).

In the second part of this study, we compare results from Hi-
CLIMBwith those from earlier studies of seismic anisotropy along two
profiles located about 500 km farther to the east. In turn, regional
patterns of S-wave birefringence over this collision zone place impor-
tant constraints on the current configuration of converging litho-
sphere under one of the most spectacular tectonic events during the
Cenozoic.

2. Data, analysis and the Hi-CLIMB transect

Using well-established methodology, the main seismic phases
being analyzed are SKS and SKKSwaveforms. This procedure has been
extensively discussed in the literature. Below we highlight only the
most salient points of our data and analysis, and refer readers to

comprehensive reviews for details of methodology (Silver, 1996;
Savage, 1999).

We examined data from all large to moderate-sized earthquakes
that occurred at depths greater than 70 km and at distances appro-
priate for SKS/SKKS phases during the entire period of deployment for
Hi-CLIMB (late 2002 to late 2005). In all, results from a total of 51
earthquakes are included in the final dataset. The overall range of
back-azimuths is wide (about 270°), even though there are some
unavoidable gaps due to more-or-less fixed locations of seismicity
(Fig. 2).

Fig. 3 shows an example of data recorded in the interior of the
Lhasa terrane. In the original data, there is significant signal of SKS
phase on the transverse component and its waveform resembles the
time-derivative of that on the radial component (resulting in elliptical
particle motion, inset of Fig. 3) — telltale sings of large birefringence
(Silver and Chan, 1991). Best-fitting values of: (1) The orientation of
polarization for the fast-traveling component (fast polarization
direction, ϕ), and (2) differential arrival times (split time or delay
time, δt) between the fast- and the slow-traveling components are
determined by grid-search (inset on lower-right of Fig. 3).

Using optimal values of ϕ and δt, waveforms should show no
signal above the noise level on the transverse component after cor-
recting for the effect of splitting. Furthermore, after such correction,
the particle motions are close to linear (Fig. 3). The corresponding
misfit function reflects the amplitude of the corrected transverse
component for various trial values of ϕ and δt.

In cases where the results of a grid-search using a single earth-
quake are not well constrained, instead of directly averaging results
from several individual events, we use the technique proposed by
Wolfe and Silver (1998) to stack normalized misfit functions from
multiple earthquakes recorded by the same station. Fig. 4 shows an

Fig. 1. Color-coded topographic map of Tibet, showing all locations of broadband seismic stations deployed during Hi-CLIMB. During the final stage of the deployment, the lateral,
regional array (triangles) was deployed at the same timewhen themajority of the north–south trending linear array north of theMCT (see legend) was operating. Large arrows show
current ground velocity with respect to stable Siberia (Sella et al., 2002).
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Fig. 3. An example of broadband seismograms (ground velocity filtered between the periods of 5 s and 30 s) showing SKS phase recorded on radial (R) and transverse (T)
components at a station in the interior of the Lhasa terrane. Significant signal appeared on the original T-component, a clear indication of transverse seismic anisotropy. After using
optimal values determined by minimizing amplitude on the T-component (the misfit function, inset on lower-right) to correct for the effect of anisotropy, no signal above the noise
level is left on the T-component and the particle motion changed accordingly from elliptical to linear (inset on upper-right). Vertical bars mark the time-window used in the analysis.
In the inset on lower-right, the contour in thick curve marks the overall minimum in misfit (at the 95% level of confidence or two standard deviations under a χ2 distribution).

Fig. 2. Map (in azimuthal equidistant projection) showing the distribution of deep- and intermediate-focus earthquakes used for the determination of shear-wave splitting. Data
from a total of 51 events were analyzed.
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Fig. 4. An example of how stacking of normalized misfit functions for different events successively improved estimates of differential arrival times (split time or delay time, δt) and
the fast polarization direction (ϕ) at a station in southern Lhasa terrane. In this case, a total of 13 events are used.

Fig. 5. Amap summarizing split times, δt, and fast polarization directions (ϕ) along three large-scale profiles across Tibet. Arrowsmark two salient features thatwe interpret as (1) the southern
limit of the Eurasianmantle lithosphere or the mantle suture (MS), and (2) the leading edge of the Indianmantle lithosphere (IMF); with the latter being apparent along all three profiles. The
mantle suture is not covered by the INDEPTH-III profile but is independently identified by an order-of-magnitude drop in the isotopic ratio 3He/4He (Hoke et al., 2000). A large region of null
splitting in the southern part of this plot is independently verified by Fu et al. (2008). Sources of original data appear inHuang et al. (2000), Chen and Özalaybey (1998), and references therein.

Fig. 6. (a to c) Comparisons of three large-scale profiles of S-wave split time (δt in s) across Tibet. For direct comparison, we plotted all three profiles along north–south trends. Key features are
marked according to the same layout as in Fig. 5. Open circles are isolated cases of birefringence south of themantle suture. Measurements with error-bars (and shown in dark grey) are those
analyzed by us; otherwisewe plot values reported in the literature. The horizontal dotted-line represents the threshold for null birefringence. (d) A schematic cross-section showing the current
configuration of the sub-continental lithospheric mantle, including a large-scale anomaly of high P-wave speed resting on top of the lowermantle and interpreted as the remnant of thickened
(and subsequently detacheddue to Rayleigh–Taylor instability) lithosphericmantle (Chen and Tseng, 2007). The dimension of the detached lithosphere shown is aminimal estimate, limited by
current coverage of seismic arrays around Tibet. For reference, we also show key geologic units/boundaries and topography at the present (vertically exaggerated by a factor of 13.15).
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example of how stacking using a total of 13 earthquakes considerably
narrows the range of estimates for δtwhichwas poorly constrained by
data from a single earthquake. Furthermore, there are occasional
discrepancies between results from SKS and SKKS phases. In such
cases, we rely on results from SKS because the SKKS phase is
susceptible to complexities near the core–mantle boundary (Long,
2009). With a few exceptions, errors in our results, at the 95% level of
confidence, are generally about 0.3–0.5 s in δt and 10°–20° in ϕ. While
azimuthal coverage of data is in sufficient to rule out more complex
models, analysis using a single anisotropic layer provides satisfactory
explanation of observed data.

Figs. 5 and 6a show our results in map-view and cross-section,
respectively (also see the Appendix for details). When birefringence
is present, the trend of fast polarization is approximately east–west
(E–W) to northeast–southwest, with variations that span a range of
approximately 45°. Such variations have been noted elsewhere in
Tibet and were attributed to effects of strike–slip faulting in the
shallow crust which do not contribute significantly to the overall split
time, δt (McNamara et al., 1994; Chen and Özalaybey, 1998; Huang
et al., 2000).

The magnitude of δt, however, shows two marked changes. The
first feature occurs about 100 km north of the IYS where δt in-
creases from null values (0.1±0.1 s) to an average of 0.8±0.3 s. This
stepwise jump in δt coincides with a local minimum in Bouguer
gravity anomaly and is along the same regional trend where the
isotopic ratio 3He/4He changes by an order of magnitude (Jin et al.,
1996; Hoke et al., 2000). Currently, 3He is not being produced near the
Earth's surface, so a high ratio of 3He/4He must reflect degassing deep
in the lithosphere or below. Thus three independent observations
support the interpretation that the Eurasian mantle lithosphere
terminates north of the IYS (Chen and Özalaybey, 1998; Jin et al.,
1996; Hoke et al., 2000) (the mantle suture, “MS” in Fig. 5).

Notice that null splitting begins in the southern end of the
profile, where the Indian shield is under the sedimentary cover of the
foreland basin but yet to be underthrust beneath the Himalayan
deformation front, and persists for at least 300 km northward (Fig. 5).
As such, not only variations in birefringence along the profile serve
as convenient geologic markers, but null splitting of underthrust
Indian shield also suggests that the onset of significant anisotropy
under Tibet marks the northern terminus of pristine Indian litho-
sphere that is thrusting under the Himalayan–Tibetan orogen at a rate
of about 35 mm/year (Sella et al., 2002). Beyond this terminus,
tectonic fabric such as that associated with deforming lithospheric
mantle of Eurasia must be present (Chen and Özalaybey, 1998).

Further northward, δt fluctuates between values as low as 0.5±
0.3 s to as high as 1.5±0.3 s until just north of the BNS where δt
holds steady at a near constant value of 1.0±0.3 s (Fig. 6a). At about
100 km north of the BNS, δt dropsmarkedly to a low of 0.5±0.1 s then
quickly jumps to high values of about 1.3±0.3 s to 1.5±0.3 s. This
second increase in δt is even more pronounced along profile GT
(Fig. 6c) and coincides with another low in Bouguer gravity anomaly
where mechanical models of plate flexure indicate the termination of
underthrust Indianmantle lithosphere (the Indianmantle front, “IMF”
in Fig. 6) (Jin et al., 1996). Along the Hi-CLIMB profile, this
interpretation is corroborated by the latest results of travel-time
tomography: Combining finite-frequency theory and a data-adaptive,
multi-scale parameterization, high-resolution images from both P-
and S-wave travel-times consistently show termination of high wave-
speeds near the IMF (Hung et al., 2010).

In fact, the latest results by Hung et al. (2010), including the first
image from S-waves under western Tibet, show no indication of sub-
vertical down-welling between depths of 100 to 400 km as
suggested by earlier work which was restricted by a priori assump-
tions of crustal structure and essentially a 2-D inversion (Tilmann
et al., 2003; Kumar et al., 2006). A sub-horizontal orientation of
underthrust Indian mantle lithosphere is consistent with positive

buoyancy of a chemically refractory Indian mantle lithosphere —

otherwise all shields are expected to have sunk to several kilometers
below sea-level due to prolonged cooling since the Archean (e.g.,
Jordan, 1988). In addition, inefficient propagation of head-waves in
the uppermost mantle (Beghoul et al., 1993), large S–P travel-time
residuals observed at teleseismic distances (Molnar and Chen, 1984),
and deviation from crustal isostasy (Owens and Zandt, 1997; Tseng
et al., 2009) all point to an unusually warm upper mantle beyond
the IMF. High temperatures, combined with continual northward
advance of the IMF, form a condition conducive to E–W ductile flow
which, in turn, probably caused large values of δt (Owens and Zandt,
1997; Jimenez-Munt et al., 2008).

3. Regional synthesis and tectonic implications

Figs. 5 and 6 compare three N–S trending cross-sections,
representing all known large-scale, systematic studies of SKS/SKKS
splitting in Tibet. To ensure that exactly the same analysis applies to
all three profiles, we re-analyzed all available data in the public
domain for the GT and INDEPTH-III profiles. After stacking, which was
not applied by the earlier authors, our results have reduced
uncertainties but the overall pattern of δt remain unchanged.

Between the two long profiles, Hi-CLIMB and GT (Fig. 6a and c),
there is excellent correspondence of all key features in δt. First, null
splitting, indistinguishable from that observed over Indian shield in
the foreland of the Himalayas, extends to about 100 km north of the
IYS. By establishing the pattern of null splitting in underthrust Indian
shield as a baseline, one not only has a straightforward explanation
for null splitting observed in southern Tibet, but also can identify the
onset of significant splitting as the southern limit of Eurasian mantle
lithosphere, or the mantle suture — the second notable feature in
both profiles. Third, about 100 km north of the Bangong–Nujiang
suture (BNS), there is a second marked increase in δt, identified as
the Indian mantle front (IMF) (Jin et al., 1996; Chen and Özalaybey,
1998).

The last feature is also apparent along the INDEPTH-III profile
(Huang et al., 2000), with values of δt holding steady near the BNS,
dropping to a local minimum before jumping up to close to 1.5 s
(Fig. 6b). AlthoughHuang et al. (2000) interpret the IMF to lie south of
the BNS and did not provide an explanation for this feature, the
consistency of this feature among all three profiles is difficult to
dismiss (Fig. 6a–c). As such, we are confident about the notion that
the IMF, or the northern edge of “Greater India,” in general extends
beyond or near the BNS over a lateral (E–W) distance of about 600 km
across Tibet. This conclusion is corroborated by consistent result from
both P- and S-wave tomography (Hung et al., 2010).

In much of the Lhasa terrane, significant birefringence is curiously
missing along the INDEPTH-III profile. Since the onset of significant
splitting along this profile is more than 150 km from the identified
position of the MS, this jump in δt probably is not related to the MS.
An independent marker for the MS comes from the regional
distribution of the isotopic ratio 3He/4He. Along both INDEPTH-III
and GT profiles, 3He/4He ratio drops by an order ofmagnitude near the
position of MS shown in Figs. 5 and 6 (Hoke et al., 2000), consistent
with our interpretation of where Eurasian lithospheric mantle
terminates which is corroborated by modeling of gravity profiles
(Jin et al., 1996; Jiang et al., 2004).

The origin of null birefringence along the southern portion of the
INDEPTH-III profile remains unclear. Additional coverage provided
by the regional (lateral) array of Hi-CLIMB shows that between
longitudes 85°E and 91°E, null birefringence dominates southern
Tibet and extend to about 100 km north of the IYS (Fig. 5). Farther
northward, significant birefringence exists both along the GT profile
just to the east of 91°E, and along the Hi-CLIMB profile. Puzzling,
isolated patches of null birefringence have also been reported in the
Western Cordillera of North America (e.g., Savage, 1999). Lately,
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West et al. (2009) interpreted one such case under the Great Basin as
sub-vertical down-welling in the mantle. However, a similar
interpretation for the case at hand is inconsistent with the latest,
high-resolution results of tomography (Hung et al., 2010). At this
juncture, east–west coverage of geophysical data in Tibet is
insufficient to confidently discern if significant lateral variations
exist at depth.

Finally south of the BNS (near latitude 32°N), three to four stations
show a local peak in δt. This feature is apparent along both the Hi-
CLIMB and INDEPTH-III profiles, while station spacing along the GT
profile is too sparse to detect such a short-wave-length change
(Fig. 6). Given the tight station spacing along these two profiles,
Fresnel zones of SKS phase at neighboring stations overlap at depths
of about 120 km or less, suggesting that the local feature has its
origin in the crust (Alsina and Snieder, 1995); and this feature
correlates with the center of a modest anomaly of low P- and S-wave
speeds detected from the latest travel-time tomography (Hung et al.,
2010). A number of studies reported crustal anisotropy in Tibet,
including locations along the GT and INDEPTH-III profiles (McNamara
et al., 1994; Sherrington and Zandt, 2004; Ozacar and Zandt, 2004;
Shapiro et al., 2004), but there is no consistency in estimates of δt
(less than 0.2 s up to 0.6 s), nor a consensus in the causes of crustal
anisotropy.

4. Conclusions

Using a uniform procedure for analysis, we determine birefrin-
gence of S-waves by using all SKS/SKKS waveforms in the public
domain that were recorded by three long transects across the Tibetan
collision zone. New results from Hi-CLIMB in west-central Tibet show
two distinct, rapid increases in the amount of birefringence toward
the hinterland: (1) Null birefringence (split time, δt, of 0.1±0.1 s),
which occurs through much of the Himalayan collision front and
persists to about 75 km north of the Indus–Yarlung suture (IYS) in
southern Tibet, abruptly increases to a δt of about 0.8±0.3 s. (2)
Another marked increase in δt occurs about 100 km farther north of
the Bangong–Nujiang suture (BNS) in central Tibet. The same pattern
occurs along the profile from Yadong to Golmud (profile GT) in east-
central Tibet (Fig. 6a and c).

Along the INDEPTH-III transect (Fig. 6b), situated at about 200 km
to the west of Profile GT, the rapid increase in δt north of the BNS is
also evident. While interpretations based on birefringence alone are
likely to be non-unique, a host of other geophysical constraints,
including lateral variations in P- and S-wave speeds from finite-
frequency, multi-scale travel-time tomography, modeling of plate
flexure based on gravity anomalies, all indicate that across a regional
scale of 600 km, the northern, leading edge of sub-horizontally
advancing Indian lithospheric mantle (IMF or the edge of the “Greater
India”) has reached beyond the BNS (Fig. 6).

The rapid change north of the IYS, from null birefringence to
significant amount of δt, is interpreted as the southern limit of
deformed Eurasian lithospheric mantle (or the mantle suture). While
this feature is not covered by the INDEPTH-III profile, which curiously
showed null birefringence through much of the Lhasa terrane,
independent evidence from rapid increase in He isotopic ratios,
bolstered by modeling of gravity anomalies, corroborates this
interpretation (Figs. 5 and 6).

The current configuration of sub-continental lithospheric mantle
(SCLM) beneath Tibet forms a basis for palinspastic (retro-deform-
able) reconstruction of this important collision zone on a lithospheric
scale — an undertaking already carried out back to about 15 Ma ago
by Chen and Tseng (2007) in two-dimensions. The extensive lateral
coverage of constraints presented in this study should provide a
cornerstone for eventual lithospheric reconstruction in full three-
dimensions.
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Appendix A

Table A.1
Summary of SKS/SKKS Birefringence from the Hi-CLIMB array.

Station Lat.
(°N)

Long.
(°E)

ϕ
(°)a

ϕ min. ϕmax. δt
(s)b

δt min. δt max.

H0080 27.166 84.984 79 58 100 0.3 0.0 0.8
H0120 27.283 84.989 87 67 107 0.6 0.1 1.0
H0190 27.472 85.042 31 12 50 0.9 0.3 1.4
H0210 27.529 85.047 73 58 97 0.6 0.4 0.7
H0230 27.580 85.090 33 19 47 0.6 0.3 0.8
H0330 27.861 85.117 85 76 93 0.7 0.4 0.9
H0350 27.911 85.139 93 84 102 0.9 0.5 1.3
H0380 27.995 85.207 91 76 105 0.8 0.4 1.1
H0390 28.025 85.222 49 28 70 0.5 0.1 1.0
H1030 29.483 85.755 94 90 95 1.0 0.8 1.1
H1040 29.561 85.740 90 78 95 1.0 0.5 1.4
H1090 29.922 85.733 36 31 79 0.6 0.3 0.9
H1110 30.066 85.553 48 37 61 0.5 0.4 0.7
H1130 30.206 85.328 10 5 13 1.0 0.8 1.1
H1150 30.358 85.313 28 25 31 1.3 1.0 1.6
H1160 30.434 85.289 30 27 34 1.5 1.1 1.8
H1170 30.496 85.197 36 32 39 1.3 1.0 1.5
H1180 30.581 85.176 42 34 48 1.0 0.8 1.2
H1190 30.649 85.138 40 33 49 0.9 0.7 1.2
H1200 30.715 85.141 36 31 41 1.2 0.9 1.4
H1210 30.782 85.109 44 35 53 0.8 0.6 1.0
H1220 30.860 85.069 72 44 80 0.8 0.6 1.0
H1230 30.932 85.099 70 61 75 1.0 0.9 1.2
H1240 31.020 85.134 74 70 78 1.0 0.9 1.1
H1250 31.084 84.998 84 80 88 1.1 0.9 1.3
H1260 31.155 85.012 80 74 85 0.9 0.8 1.1
H1270 31.225 85.072 82 77 87 1.0 0.8 1.1
H1280 31.302 85.130 94 92 97 1.1 0.8 1.4
H1290 31.378 85.103 78 64 86 0.8 0.5 1.0
H1300 31.445 85.160 82 78 87 1.0 0.8 1.1
H1310 31.515 85.183 72 52 80 0.7 0.6 0.9
H1320 31.584 85.189 76 63 84 0.7 0.5 0.8
H1330 31.656 85.170 80 67 85 0.7 0.5 0.9
H1340 31.732 85.140 84 76 89 0.9 0.7 1.2
H1350 31.803 85.032 82 73 91 0.7 0.5 1.0
H1360 31.862 84.954 82 71 90 1.0 0.7 1.3
H1370 31.945 84.893 90 84 96 1.3 1.0 1.8
H1380 32.004 84.823 90 85 94 1.5 1.1 1.8
H1390 32.072 84.905 82 74 88 1.4 1.0 1.7
H1400 32.119 84.694 92 89 95 1.5 1.2 1.8
H1405 32.181 84.513 96 91 100 1.0 0.7 1.4
H1410 32.236 84.374 82 34 95 0.6 0.3 1.1
H1415 32.308 84.219 40 29 75 1.0 0.6 1.4
H1421 32.009 83.871 60 32 64 0.6 0.4 0.8
H1422 32.064 83.899 46 29 79 0.4 0.2 0.7
H1423 32.159 83.924 72 28 87 0.4 0.3 0.7
H1430 32.382 84.131 48 66 70 1.0 0.8 1.3
H1440 32.455 84.240 72 46 79 0.9 0.7 1.1
H1450 32.524 84.272 48 39 57 0.9 0.7 1.2
H1460 32.598 84.224 54 47 66 1.0 0.8 1.1

(continued on next page)
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(continued)

Station Lat.
(°N)

Long.
(°E)

ϕ
(°)a

ϕmin. ϕmax. δt
(s)b

δt min. δt max.

H1470 32.667 84.216 72 42 82 0.7 0.6 0.9
H1480 32.747 84.216 70 62 82 0.8 0.6 1.1
H1490 32.822 84.267 76 69 84 0.8 0.6 0.9
H1500 32.895 84.286 82 74 89 0.9 0.7 1.1
H1510 32.949 84.305 82 71 92 0.9 0.6 1.3
H1520 33.027 84.315 80 70 89 0.6 0.5 0.8
H1530 33.119 84.221 76 69 88 0.5 0.3 0.6
H1540 33.194 84.228 70 45 78 0.4 0.3 0.6
H1550 33.264 84.246 82 70 91 0.7 0.4 1.0
H1560 33.307 84.246 92 84 96 1.3 0.8 1.7
H1570 33.422 84.263 88 83 92 1.2 0.9 1.5
H1580 33.533 84.291 94 81 99 1.1 0.6 1.6
H1590 33.628 84.171 98 92 102 1.5 0.9 2.3
H1600 33.750 84.270 90 84 93 1.5 1.1 1.8
H1610 33.858 84.263 92 85 97 1.3 0.9 1.7
H1620 33.966 84.223 92 82 96 1.3 0.8 1.7
T0020 28.171 85.969 76 37 60 0.4 0.3 0.8
T0020 28.171 85.969 76 63 81 0.4 0.3 0.8
T0040 28.164 87.356 174 128 178 0.5 0.3 0.9
T0060 28.156 88.099 132 123 140 0.6 0.5 0.9
T0080 28.257 88.991 148 128 178 0.5 0.3 0.8
T0090 28.269 89.392 164 159 169 0.9 0.7 0.9
T0100 28.432 86.097 76 69 79 0.7 0.5 0.8
T0140 28.536 87.759 138 154 176 0.6 0.4 0.8
T0170 28.839 87.950 150 132 154 0.4 0.3 0.5
T0190 28.893 88.781 118 114 124 0.9 0.6 1.1
T0210 28.903 89.577 144 121 178 0.5 0.3 0.8
T0250 29.145 88.159 148 128 178 0.3 0.2 0.6
T0280 29.430 88.231 128 120 141 0.7 0.4 1.0
T0380 30.442 86.931 80 32 93 0.5 0.3 0.8

aOrientation of polarization for the fast-traveling component, ϕ, shown as azimuth
from the North, and its bounds at two-standard deviations (ϕmin. and ϕmax.).
bSplit-time between the fast- and the slow-traveling components, and its bounds at
two-standard deviations (δt min. δt max.).
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