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A COMPARKON OF UPPER MANTLE TRAVEL-TIME BRANCHES USING
DATA YROM GBA, YKA AND WRA SRISMIC ARRAYSL
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_ The tectonic procemes and forces which ase responsible for phenomenon. such as
movement of lithosphétic plates and mechanism of earthijiiskes depend very much en what
we know about the structure of upper mantle ‘and its regional “vari#ion. - During the last:
fifteen years, a large number of upper mantle velocity models have been postulated from:
P-wave travel time observations and siowness data. Although, these models differ from
each other ‘in detsil, -most of them have shown evidence for discontinuities or large positive
velocity gradients neis the “400 km’ and 680 km' depth ranges. In most cases, the presence
of these transition zones “implies that two major triplications should exist in . the travel time
curve for epicentral distances less than 30°. Much of the nom uniqueness or variations in
the published upper mantle models occur because of the great difficuliies in observing and
{dentifying the later arrivals belonging to different travel time branches, It appears from
Jowiww of the literature that the msin reasons for this problem are; (i} the complexity of
the eerthquake signal, (ii) the great variability in smplitude observations over even very
closely spaced stations and (iii) the uncertainties of epicentre locations and focal depth.

Advancement of the seismic arrays and sophisticated data processing techniques have
facilitated the direct and automatic measusement of travel time gradient or slowness,
apparent velocity and azimuths for the incoming seismic waves croming an array. The
subtle variations in slowness and apparent azimuths for overlapping phases especially where

. the branches of the travel time curve are triplicated, can in many cases be resolved
successfully. Such measurements provide much more detailed and refined upper mantle
models of the Barth and may alto remove some of the ambiguities in data interpretation.
In this article, the velocity models and positions of the upper mantle travel time branches
as inferred from the amalyses of over 600 earthquakes from three different continents are.
summarized. :

Processing of Array Data, Travel-Time Branches and Velocity Models

Regional upper mantle studies are essential and desirable for elucidating very fine
structural varistions that might be present and could be obscured while averaging the
individual measurements in the final results. Further more, a region-wise comparison of
the findings is utmost important for better understanding of relative motion of the subducting
plates, earthquake mechanisms and pature and propagation of seismic waves. Over 600
esrthquakes (distance ramge 12°- 30°) recorded at Gauribidanur (India), Yellowknife
{Canada) and Warramunga (Australia) medium aperture seismic arrays have been analysed
using adaptive procassing techniques. The Indian _subcontinent has been divided into four
gones in order to make regional swdies, (i) Himalayan region (azimuth 0°—90°), (ii) Java
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- tench (30°—~180%), (iif) Mid-Indian Glosknié" ridge {100°—200) snd (iv) Hindu Kush
region (260°—360°). Califoriin and Alnki-pik Wold ‘regloas “weré considerd wing YKA
Inall these studies, slowness values a3 detyzmiined by an arzay have been used as the
main diagnostic tool. Since slowness values cat be sffected by Isteral inhomogeneities,
single measurement or a series of measurements along a particular siimie trace may not-
always give .a trune pieture, ' The inhomogeneity problem was_approsched by ot only
analysing the -variatians.f slowness slong each trace but also by lonking a3 as many earth-
quakes a3 pomible ovar different regions ‘tosee if any patters emarges above the ngise and

scatter. : .. - -

Details about the epicentral locations of ea; uakes, array configurations;  procensing
of ‘the data, snalyss and plotting of the mum'.‘za methods for inversion of the slownesé
data can be ﬂaund in the -literature (Ram and Moereu, 1977; Ram ot. al, !%M--Simm
et. al, 1974). “A typical upper ‘mantle struoture would produce travel tiaw branches as
shown in Fig. 1. AB, BC, CD, DE and EF are different ‘(direct and retrograda)theoratiea)
branches. ' The cumps at Cand E predict high smplitude arrivab. Inthe casts of GBA
and YKA reiults the position of these curps, especially at C, i still ‘unceftaip and needs
detailed investigations. ‘This problem is being tackied by analysing Inrge- nuinbir of events
particularly within 10°-14*" distance range. Synthetic traces for amplitinde snalvsis and
an-elastic parameter, Q are also studied, ’ -

"~ -

- - B - OiftaNCE lll-ﬂ ' . . R
Fig. 1 AB, BC, CD; DE, and EF are (theoretical) travel-time branches
- corresponding to a typical upper masitle structure (Reducing
velocity == 10.0 km/sec) - o

form of tables for various regions,. Table 1 gives ‘velocity distribution with depth for

continental asd pceanic regions around India. The jump in velocities for ‘400 Km’ and

‘650 Km' discontiguities can be sen in all the regions ‘except the Himalayan region. In
this region, if the latter discontinuity is replaced by a_broad high velocity gradient zone; a
velocity depth structure much more consistent with thie observed dats is found. The slope
of the travel time curve of DE branch pertaining to the later arrivals is paraliel with that
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TADLE 1 |
_ Pewave velocitiés in contitvental and oceanic regions around India,

P-wave velo- Depth (km) P-wave velo- = Depth (km)
city (km/sec) . (Himalayan city (kmfsec) (Java trench

Model RM-I Region) Model RM-2  Region)
5.50 0 5.07 0
5.50 15 507 1
6.50 : 15- . 6.70 1
6.50 33 6.70 5 ;
7.90 33 7.80 5
1.90 118 7.90 95
8.13 113 8.00 178
8.13 : 354- 7.75 175
9,55 404 7.75 852

955 434 9.85 427
11.34 N 825 9.85 574
11.34 : 847 11.08 705
11.08 725
el 11.18 819

Model RM-4 (Hindukush Model RM-3 (Mid-Oceanic

Region) Ridge)

550 0 507 0
5.50 15 5.07 1
6.50 15 6.70 1
6.50 33 6.70 5
7.90 33 7.80 5
7.90 113 7.90 9 -
8.13 13 8.00. 175
8.13 362 7.75 £75
9.67 412 .15 332
9.67 .. 542 6.69 407
10.84 644 9.69 599
10.84 678 10.75 . 638
11.12 822 11.29 860.

1L30 872
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TARSE: 2

Pwave velocmr models:
o Aluka-Pu?;mln (RMW- o L ‘
© ModalRMW-L "7 Model RMWH L MRS
Velocity Depth . ., Ve Depth . Velocity .. ... Deptl
(kmfsec)  (km)” " (kmjtoc)  (km) * (kmfsec) (b
5:8 0 550 0 5.50 0
5. 13 . 550 15 5.50 15
6.50 15 - 6.50 15° 6.50 15
6.50 33 - 650 83 ° 6.50 33
7.95 33 7.9 33 - 7.95 . 788
8.26 199 .. 822 161, - 8.26 199
826.. %68 822 333 8.26 296
9.62 418 . 919 383 8.94 . %66
9.62 590 © 919 518 - 9.07 " 454
1114 696 10.98 546 98t <-4
L 716 1 10.83 566 9.92 601
1115 753 1101 TE2.  9.92 .. 688
: \ ) 1.1 708
1.14 761
TABLE 3
Upper maiitls velocity model (SMAK II)
ISR 4 MW*W EXER bt
Velocity (Km/Sec) “Depth (Km)
6.20
6.20 20
6.50 20
6.50 35
8.10 35
8.10. 85
8,25 85
8.92 175
3.32 315
8.92 815
9.20 . 380.0
10:13 o 559.6
10.16 . 5726
10.16 . 6569
10.16  656.9
; 10.71 © 671.3
- 1146 846.4
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o!' thoEF mm ﬁruarnvﬂsﬁunnd Mereu, 1977, Fig. Sa). mM
e . has pec ud then-exmhgmn of the politiwhc oftrw,d-

' " diksdutintity for this Tegion. “Onie “of the ijpedaches

. wudy ihe sres in_ a;rid it conblpting mwuiﬁuﬁ;

and’ d’mm rangel usmg I.,g. awber of éartha jakies” with giod" i s atio

This study can be supplemestod by amphtudo mvomgltm awmpondmg with Cusps
DandB.

Table 2 igyopmes valociy distibution wigh, et for California sad Alasks-penisssl
e .
and Alaska-popipsula regions. A altermative Ggdel RMW: is alsg shown, -
is preferred’ over RMW-3 because of its simplicity. The two transition ' ‘zona, (dugonﬁnutiu)
are clearly outlined. Table 3 presents upper mantle velocny mode] for North-eastern parts

of Auitralis? ‘This model SMAK ‘I'is tho “fefined version ofan earlier modé] SMAK 1.

The Q and ita effect on the obssivation of travel time “branches by bekit'sdeaidered (Meren
et. al, 1974), The ‘400 Km’' and ‘650 Km’ - discontinuities aré welisdertified isi this model.

‘Ressarch prejects. sinvelving :inbomogeneity ' problem,, mug #Rd attenuativn of P-waves

in the Indian ersist Mn%a« mtle ugm arg in - pm and . their resuits will be
publuhad elsewhery, . * . .

'rmui

. j@mm of the observed uppermantle travelstime hnnchu nm&n
the Wy {(ledis), Yellowknifs (Canada) sud Warramungs (Australia)
medium apertupe MMY date, |

Arrays Number of earthquakes Distance ranges for observed
: & their source regions travel-time branches (Refer Fig. 1)

AB ABCD CD CD-EF BEF

300 ()  Crom-over (%) Cros-over (°)
GBA | ~ point (°) point (°)
(after Ram & - Himalayan 16—23 18 16—22 Absent 22—32
Mereu, 1977)  Javatrench = 16—19 19  18—23 24 2336
Mid-oceanicridge 19—19 18  18--22 24 18-—35
Hindukush 15—24 18 20-22 28 19-85
© YKA 100 : .
(after Ram California 1826 19  20-25 235 21-30

et. al, 1978) Alaska-peninsula  15--17 19 19-—-23 20 16—=30
WRA 200

(after Simpson ~ Northeastern

et.al, 1974)  Ausualia , 13—-20 19 16—25 25 21-30
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. -Adatailed discusion apd conclasion:of sesults cabo fownd-fn sarler paper as mentioned
in. the previoys sections of thetext. However, the major festures of the three studies from
diffarent Wkin tarms of observed upper mangle_travel time heancliss asre summarieed
in Table4, = - : o e e :

- w
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