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Technical Problem

Although a successful theoretical and empirical ‘framework has been

developed for understanding seismicity near lithospheric plate boundaries,

‘ earthquakes occurring within these boundaries remain an enigma. Intraplate
earthquakes are less common than seismic events in active tectonic regions,
but they are known to reach large magnitudes. In general, we do not
understand why or how such shocks occur, what geological features they are

I asscciated with, where they may be expected to occur in the future, or why

: their seismograms in many ways more closely resemble those of buried
nuclear explosions than those of shocks in the major seismic belts. An
increased understanding of intraplate earthquakes is essential in the

! planning of major constructions such as dams, nuclear power plants and other

large structures. It is also necessary for the safety of thousands or even

millions of lives. The recent successes in earthquake predicticn by the

Chinese indicate that it would be of value to the United States to understand

- By

i* seismicity in China because their methods used in predicting large intraplate
seismic events can be applied to predicting large seismic events in the
United States. An increased understanding of intraplate earthquakes can
also improve our ability to discriminate between natural events and nuclear

explosions.

General Method

In order to circumvent the limitations placed on studies of Chinese
g seismicity by the infrequent occurrence of intraplate earthquakes, data from
. historical records of earthquakes, instrumentally located epicenters, fault
o plane solutions, and geologic evidence for long-term movements are incorporated
; and evaluated in this study. Literature reviews on Tibet have been completed
B and others are being compiled. LANNSAT data is particularly valuable in
i studying the tectonics of China because ground observations by western
1 scientists are not possible. The imagery has revealed ﬁreviously unknown,
K 3 large, strike-slip faults in China. Ponding of streams and offset of
alluvium on these and other faults are evidence that the faults are active.
We are continuing to obtain and analyze LANDSAT imagery. The mapping of
geologic features is being integrated with fault plane solutions, seismicity

b patterns, and regional stress patterns.

’

Earthquake swarms and aftershock sequences are being studied with the

Joint Hypocenter Determination (JHD) technique to yield very accurate

Ty

relative locations. Fault planes may be determined with this method, thereby

e
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removing the ambiguity of the choice of fault plane from a fault plane
solution. Data from the World Wide Netwotknbf Seiumograph Stations (WWNSS)
are being used for the JHD method. First P motions from long-period
seismograms and S wave polarizations are being used to construct fault
plane solutions. These fault plane solutions and the previously determined

- ones will improve the understanding of local stress patterns and regional

tectonics.

In order to evaluate the generality of the conclusions reached in the
detailed research concerning China, results of similar studies in the ‘
eastern United States are being examined so that any fundamental relationships

common to both areas can be understood.

Technical Results

Preliminary results of the research sponsored by this contracf are a
study of Tien Shan earthquake swarms and aftershock sequenées by the JHD
technique, and fault plane solution of the February 4, 1975 Hai-¢heng earthquake.

A detailed study of the Tibetan Plateau has been completed. Interpretation
of a mosaic of LANDSAT imagery, literature reseérch, seismicity, and fault
plane solutions suggests the importance of east-west regional tensional
tectonics in the central and western Tibetan Plateau in addition to the '
better known compressional tectonics that probably result from the collision
of the Indian and Eurasian plates. North-south trending en-echelon normal
faults are observed on LANDSAT imagery. A few east-west trending normal
faults are observed in areas near large strike-slip faults and are interpreted
as'secongary faults. The seismicity of the central and western Tibetan
Plateau is relatively high for an intraplate area and earthquake swarms are
common. Based on good azimuthal distribution of teleseismic stations, 452 of
all earthquakes .located by the International Seismological Centre (ISC) from 1961 to
1975 were selected. These epicenters show a close relationship to the fault
traces which are interpreted from LANDSAT imagery. Fault plane solutions,
some newly determined, also show some normal faulting with the orientation
of the T-axis in approximately the east-west direction. Late Tertiary
and Quaternary volcanics are observed on LANDSAT imagery. Most observed
volcanic landforms are extensively eroded. However, younger, probably
Quaternary, volcanics are observed sporadically throughout the central and
western Tibetan Plateau.
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y LATE CENOZOIC EXTENSIONAL TECTONICS OF THE TIBETAN PLATEAU
e

ey by James Ni

:; Abstract

4

} Interpretation of a mosaic of LANDSAT imagery, literature

Y research, seismicity, and fault plane soluti.o'ns' suggest the existence
of east~west regional tensional tectonics in the Tibetan Plateau

5 . ~ in addition to the better known compressional tectonics that probably
R result from the collision of the Indian and Eurasian plates. The

M .

:, east-west crustal extension can be explained by a combination of ‘mechanical
disequilibrium and wedging effect. The recent volcanisim is explained
F as the result of the crustal extension.
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t INTRODUCTION

The Tibetan Plateau, situatéd north of the Himalayan foldbelt,
has been under complex deformation since the collision of the Indian
and Eurasian plates in late Eocene (Ganser, 1964; Dewey and Bﬁrke, 1973;_
Mplnar and Taéponnier, 1975). Because very iittlé published geological
and geophysical data on the Tibetan Plateau is a§ailab1e, the defor-
mation and uplift of the Tibetan Platéau and its relationship to the
plate convergence is still poorly understood. Available data indicate
that deformation 18 accompanied by strike—slip'faulting_(Molnar and
Tapponnier, 1975; York and others 1976), thrusting in the upper
crust, and probably ductile creep at a deeper level (Dewey and Burke,
1973; Burke and others,1974). Normal faulting in northern Tibetan
Plateau.intetpreted from LANDSAT imagery (Tapponnier and Hblna¥, 1977);.
and nbrth-south trendiﬁg Thakkola graben situat;d in the Tibetan
Himalayas (Colchen, 1974), display evidence of Quaternary activity.
Normal fault plane solutions (Fitch, 1970; Molnar and others, 1973;
Tlppqunier and Molnar, 1977) in the Tibetan Plateaﬁ also indicate east-
west tension. In an attempt to clarify the late Cenozoic tectonics of the
Tibetan Plateau, this paper will presént a detailed study of the seismicity,
fault plane solutions, and geological features interpreted from LANDSAT

imagery as it pertains to the structure and tectonics of the Tibetan

Plateau.
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GENERAL BACKGROUND OF TIBETAN PLATEAU
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The area described by Powell and Conaghan (1975) as the Tibetan
Plateau coincides with that area preséntly named the Chinghai-Tibetan
Plateau on the geographic map by the Chinese Academy of Sciences. This
region is bounded on the north by the Kunlun, Astin Tagh, and Nan Shan
nountains, by the High Himalayas on the sduﬁh, by the north-south
trending ranges that flank the Szechwan and Yunnan basins on the east, and
by the Karakoram mountain on the west. In this paper the Tibetan Plateau
will be defined as that area averaging above 5000 meters in elevation.
This area, somewhat smaller than the Chinghai-Tibetan Plateau, is bounded

on the south by the High Himalayas, on the north by the Kunlun mountain,

PSS S0 i ine TN K SN

on the east by the approximate boundary where high plateau lakes begin to
disappear (about 91°-93°N).Aand on the west by the Karakoram mountain (Fig. 1).
iji The Tibetan Plateau may be divided into 4 tectonic units (Fig. 1),
f .' ' vhich will be discussed from south to north. (1) The Tibetan Himalayas
are composed of Precambrian to Mesozoic shelf sediments and Cenozoic
ophiolite-flysch-molasse facies. The eﬁgeosynclinal flysch-molasse facies
) have been thrust to the south (Ganser, 1964). Neogene, granite intrusives
: are also extensively distributed in the south. (2) The Nyenchhen Thangla
' Basin 1is characterizéd'by Paleozoic metamorphic rocks and extensive
g Mesozoic granitoid batholiths (Chang, 1959). A band, averaging 120 km
wide, of andesitic volganics of the late Cretaceous to early Paleocene age
in the south (Geologic map of China, 1976) probably represents an Andean-
! type arc‘north of the subducting Indian Plate about 65 m.y. ago. A smaller
N band of Neogene to Quaternary volcanics lie north of the older volcanic

band. (3) The Chang Thang Platform is composed of Mesozoic sedimentary

1

y rocks. The Mesozoic sediments have been folded intensely in the south.
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Quaternary lake and alluvial deposits are found throughout this region.

(4) The Kunlun Foldbelt is composed of Paleozoic.and Precambrian meta-
morphic rocks that were extensively folded during the Hercynian orogeny.
Mesozoic land facies molasse, banded with coal beds (Change, 1959), occur -
within the Foldbelt. A few andesitic and trachytic volcanics are found in
some parts of the Cretaceous systems (Chang, 1959). The Cemozoic sediments
are primarily land facies basin deposits.

Reliable éeophysical data for the Tibetan Plateau are scarce. Low
Bouguer gravity and near zero free air gravity anomaly are reported by
Chang and others (1976), which suggest thicker than normal crust-and
isostatic equilibrium of the Tibetan Plateau. No refraction studies are
published to our knowledge. Interpretation of velocity sections from
an explosion reflection ;tudy at the eastern Tsidam Basin indicates a
crust about 43 km. thick (Teng and others, 1974). Since the Tsidam
Basin is ohtside of the Tibetan Plateau, it does not constrain the
crustal thickness in the Tibetan Plateasu. Studies of surface wave dis-
persion data show a possible 65 to 70 km thickness of crust under the
Tibetan Plateau (Gupta and Nasrain, 1967; Tung, 1975; Bird- and Toksoz,
1977). Studies of surface waves propagation suggest high attenuation in
the mantle beneath Tibet (Molnar and Oliver, 1969; Ruzaikin and others,
1977).




P Syl Py ot ]

LRI GO 4 4

LANDSAT IMAGERY

The Tibetan Plateau, a largely unmapped area, provides a good example
of the practical use of LANDSAT imagery for obtaining regional geological 'A
and tectonic information. Since the launching of LANDSAT, its imagery
has been used by several investigators dealing with Quaternary tectoﬁics
and seismicity. For example, recent work in.intréplate tectonics in |
Asia has revealed the existence of large Cenozoic tectonic features: folds,
thrust and normal faults and especially very large strikefslip faults
(Bonilla and Allen, 1975; Molnar and Tapponnier, 1975; York and others,
1976). The mosaic constructed by York and others (1976) at 1:1,000,000
scale, composed of black and white, band 7 (near infrared, 0.8 tq 1.1 pm
wavelength) is used for this study. The information extracted from this
mosaic was photographically reduced to 1:4,060,000 scale and this version
was used as the base map. . .

Lineaments are interpreted as Quaternary faults primarily based on
1ineavity, sharpness of a scarp, and presence of a topographic, tonal or
textural difference across the lineament. Characteristics of different
tyﬁes of faulting can be inferred from their geomorbhology.~ Normal
faulés are indicated by the sharp broken and en echelon fault traces with
average segment lengths of 10 to 20 km. The widths of larger grabens
are 10-15 km. Smaller grabens are 5-10 km in width and some tens of km
long (fis. 3a, b). Although normal faults of the Tiﬁetan Plateau have not
been previously mapﬁed, close comparison with known normal fault patterns
in western U. S. (Fig. 3c) supports our interpretation. The majority of
these normal faults, which strike northeast to northwest, on closer
examination show 1n&1v1dua1 faults tending to be crooked in map plan.
Sometimes fault pattern is more nearly rhomboid or even rectilinear

(Fig. 3a & b). These fault patterns are commonly distributed from 80°E

to 93° & (Pig. 2).
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Major strike-slip faults, similar to the San Andreas fault, are
characterized by long and straight linear traces,'and can often be readily
identified from LANDSAT imagery. Evidence for recent motions along
such faults is provided by sharp traces in the Quaternary alluvium and
ponding of streams (Fig 4). These faults were previously identified
as Astin Tagh fault, Kunlun fault, and Kang Ting fault, all with left
lateral displacement, and the Karakoram fault with right lateral
displacement (Molnar and Tapponnier, 1975; York, et al., 1976; Tapponnier
and Molnar, 1977). The right lat2ral Po Chu fault is identified in
this paper (Fig. 2 & 5).

Recent thrust faults usually are hard to recognize from photo
interpretation. Although the central Tibetan folds appear to be
accompanied by thrusting as first seen from LANDSAT imagery, closer
examination indicates that fault traces are not continuous. Very little
tonal difference can be seen across fault faces. Therefore, we have no
positive evidence to support the existence of active thrust faults in the
central Tibetan foldbelt from photo interpretation although few east-
west trending active faults are mapped in this region on the geologic
map of China (1976). The east-west trending thrust faults situated in
the Tibetan Himalayas have been recognized to be high angle faults
(Ganser, 1964; Wong, 1974). These thrusts can also be identified from
LANDSAT imageries.

Another land form mapped from LANDSAT imageries are the late
Cenozoic volcanics. Volcanoes in various erosional stages, volcanic
domes, eroded flow plateaus, and older forms such as mesas and plugs
are identified (Fig. 6a, b, c¢). These volcanics comprise a range of
time probably from late Cretaceous to Recent. The late Cretaceous

and early Tertiary (65-50 my) andesitic igneous rocks cover most of the
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southern Nyenchhen Thangla Basin (Kidd, 1975, Geologic map of China,
1976) (Fig.-Z); Observed well eroded mesas and buttes on LANDSAT
imagery are comparable to old volcani¢ landforms in New Mexico, U.S.A.
(Fig. 7). Their age is probably 10 to 30 m.y. This is consistent

with the mapped Oligocene intermediate and basic basalt from the

- geological map of China. Young volcanics of late Neogene to Quaternary

age (less than 10 m.y.b.p.) are not extensivelvy distributed throughout
the Tibetan P1a£eau. Volcanic domes, cones, and flows are observed

on LANDSAT imagery at places east of the Karakarom fault and morth of
the Nyenchhen Thanglha basin. One Quaternary volcano and a few basalt
fields are observed at the vicinity of 80°E and 35°N (Fig. 2). These
are located in an extensional zone which is associated with the Astin-

Tagh fault.
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SEISMICITY

Relatively high intraplate seismicity characterized by earthquake
swarms with maximum magnitudes M-6% is observed in the Tibetan Plateaus.

Two great earthquakes (M2 7.8) occurred in 1950 and

-in 1951. 1In addition, since 1900 fifteen earthquakes with magnitudes

from 7.0 to 7.8 occurred in this region (Shih and others, 1973; York and
others, 1976). 'Historical seismic records in Tibet are non-existent
mainly because of its low population. Selected events, with good
azimuthal distribution of teleseismic stations and located by ISS from
1960 to 1963, by the 1ISC from 1964 to 1973, and by the U.S.G.S from

1973 to 1975 are shown in Figure 2. Data for events south of the ﬁain

Central Thrust and east of 97°E are not included. These selected

epicenters, about 45% of reported earthquakes, represent the most accurately

located epiéenters. The elimination of poorly located epicenters

‘enhances features not apparent when using all epicenters. Some of the

epicenters fall on or near Quaternary fault traces deduced from LANDSAT
imageries. An outstanding feature of the spatial distribution of epi-~
centers is the lack of large magnitude events in central Tibet. The

earthquake swarms are probably related to recent volcanism.
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FAULT PLANE SOLUTIONS

Fault plane solutions were determined for 5 earthquakes using
the first motion of P waves and some S wave polarizations recorded on

long-period instruments of the world-wide standard seismograph network

. (WWNSS) between 1967 and 1975 (Fig. 8). In Figure 2 selected fault

plane solutions of Ritsema (1961), Fitch (1970), Molnar and others (1973),
Ben-Menahem and'others (1974), and Tapponnier and Molnar (1977) are given in
addition to the 5 solutions determined by this study.

The fault plane solutions in central and western Tibet show
normal faulting with fault planes striking from northeast to northwest.
The mechanisms of August 16, 1973, September 8, 1973, and May 3, 1§71
have both normai and strike-slip components. High angle normal faults
striking northwest observed on LANDSAT imagery are consistent with
the fault plane solutions (Fig. 9a and b).

The earthquake of August 15, 1967 occurred near thé numerous
northwest trending linear scarps traced from LANDSAT imagery. These
fault traces also trend parallel to the Po-Chu Fault. The fault plane
solution shows rish;-lateral motion on it. Further support for right-
lateral motion comes from the fault plane solution of the Assam earth-
quake, August 15, 1950, which was located about 7 km from the Po-Chu fault,
although this fault plane solution has been a subject of controversy.
Tandon (1955) reported a normal fault plane solution based on the first
motion reported in ISS. Chen and Molnar (1977) found that the same ISS
data and aftershock is consistent with a shallow dipping underthrust to

the north. However, Ben-Menahen and others (1974) have gone through all the

available original data regarding first P motion and aftershock locations
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and have added sutface’wave amplitude studies before reporting a right- .
lateral strike-slip fault plane solution. Their solution is consistent
with observed right-lateral motién on the Po-Chu fault (Fig. 5).

The fault ﬁlane solution of é large earthquake on January 19, 1975,

south of the Karakoram fault, show normal faulting with both nodal planes

'striking approximately north. Observed normal faults on LANDSAT imagery in this

region (Fig. 10) are also consistent with regional east-west extension. Pre-
viously determined fault plane solutions in Tibet by Molnar and others (1973) and
Tapponnier and Molnar (1977) also show normal faulting striking approxi-

mately north. These are also consistent with normal faults observed on

LANDSAT imagery (Fig. 2).




. CONCLUSION
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The data presented show that the net effect of fault movement within

i

| the Tibetan Plateau is both crustal compression oriented north-south and
crustal extension oriénted roughly east-west. The compressional tectonics
~ represented moétly by strike-slip faults, can be simply related to the
collision of the Indian and Eurasian plates (Dewey and Burke, 1973;
Mblnaf and Tapﬁonnier, 1975). The principal problems concerning the
present tectonics of the Tibetan Plateau are the cause of the east-west
trending extensional tectonics and the direction of rel#tive motion

g' between the Indian plate, the Tibet block and the Tarim block.

: After the collision of the Indian and Eurasian plates the crust of
the Tibetan Plateau has been thickened to 70 to 80 Kilometers by
conservation of in flow mass into the collision belt (Arraham and Nur, 1976).

v 4 This extra thick crust, although presently in near isostatic equilibrium

(Shih, 1974), does not represent a mechanical equilibrium position of the

et s

crust and the lithosphere (Artyushkov, 1974). Therefore the thickened
Tibetan Plateau will seek to reach its équilibrium by flattening out its
crust. This process, similar to the gravitational force due to high
elevation (McKenzie, 1972), will produce tensional tectonics on the surface
i of the crust in random directions. Because most of the normal faults
observed from the LANDSAT imagery trend in a north-south direction and
tensional axes from fault plane solutions tend to be oriented east-west,
boundaries around the Tibetan Plateau must strongly influence the direction

of flattening. The lines marking the approximate block boundaries around

R T

Tibet are schematically shown on Figure 11. The arrows on the plate and blocks

show the direction of motion relative to eastern China. The Tibetan

o
. | Plateau is wedged aside by the north moving Indian plate and it is being
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displaced eastward between the right lateral Karakoram fault and left
lgteral Astin-Tagh fault as envisioned by Molnar and Tapponnier (1975).

The eastward movement of the Tibetan Plateau is also due to the least
resistence of its eastern boundaries, This observations is supported by
the eastward displacement of the continental lithosphere in central China
(Mplnar and Tapponnier, 1975; Tapponnier and Molnar, 1976). Nevertheless,
" the eastward movement of the Tibetan Plateau probably is not uniform through-
out its entire region. Along a north-south line at about 81°E longitude,
concentration of recent volcanism and normal faults distributed along this
line (Fig. 2) suggests that the area east of this line is being displaced
eastward at a faster rate than the triangulaf area west of this line. As
the north moying Indian plate is continuous through time, one may speculate
that rifting of the Tibetan Block is occurring along this line.

Important questions on how much of the Tibetan Plateau has moved
eastward and the chemical composition of the recent volcanics and their
interreiationships remain unresolved pending further field work. Until
moré data become available the present model of crustal extension remains
premature. Nevertheless, the normal faulting and east-wesf crustal exten-

sion are independent of any model.
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FIGURE CAPTIONS

;. {.Q; Figure 1: Physical and tectonic features of the Tibetan Plateau and surrouﬁding

regions.

Figure 2: Seismo-tectonic map of the Tibetan Plateau. Faults and type of
faulting are interpreted from LANDSAT imagery. Solid arrows indicate
direction of motion supported/by fault plane solutions or surface faulting
of earthquakes from Molnar and Tapponnier (1975) and York and others (1976).
Opeﬁ arrows indicate direction inferred from photo interpretation above.
Large open circles represent all selected earthquakes (see text) with
S <M < 6-1/4; small open circles,.d € M <5, The aumbered 1 through 5

fault plane solutions correspond to events reported in Figure 8. Previously

reported solutions are indicated by letters next to the solutions. R is

\ from Ritsima (1961), F from Fitch (1970), M from Molnar and others (1973),

iii B from Ben-Menahem and others (1974), and T from Tapponnier and Molnar ‘
(1977). Solid areas indicate Neogene to Quaternary volcanis interpreted

from LANDSAT imagery.

Figure 3: (a) Arrows indicate normal faults in the left bortion of the photo.
Notice the horst and graben feature and sharp tonal and textural contrast
across the fault.' Center of 1magé is approximately 31.5°N, 82.5°E,

(b) N-S striking normal faults indicated by arrows on eastern flank of
the graben at the center of the photo. Its broken but short, linear
trace is clearly seen here. At A the intruded granite (Tertiary age) is
offget by the fault. The V-shaped streams and strong tonal difference
across the fault are clearly seen. Center of image is approximately
28.8°N, 86.4°E.

Q%; (c) Basin and Range province, southeastern California. Arrows indicate
the strike-slip Garlock fault. The pattern of known normal faults is

similar to that seen in Tibet. Center of image is approximately at 32.6°N,
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Figure 4: An apparently dammed lake along section of the Asting-Tagh fault,
apparently formed within grabens associated with the splaying of the main
fault into several branches. Center of image is approximately at 38.4°N,

o 90. 5°E.

& Figure 5: LANDSAT mosaic of Po-Chu fault (named after Po-Chu River). The
name of this fault is not official. The Po-Chu River follows fault along
short straight segments. Fault scarp at S and L. Center of image is

approximately at 29.3°N, 95.8°E.

Figure 6: (a) Volcano at D and E and well eroded volcano at C. Center of image

is approximately 89.425°E and 35.725°N.

e gen e s SN, 6 ..

(b) Dissected flow sheets at A and B. Drainage has developed atop both
mesas indicating tnat they may be older than-Quaternary. Volcanic butte
at D. Snow-covered anomalous features around G and H may be Quaternary
i;i volcanoes. Center of image is approximately at 35.5°N, 89.4°E.
g ' (c) Quaternary volcano at V. Center of image is approximately at 38.7°N,

: 89.6°E.

. Figure 7: Miocene basalt and rhyolite flows at A, B and C in New Mexico, U.S.A.
from Geologic Map of New Mexico (1965). Center of image is approximately
at 33.5°N, 106.2°W..

FigureIS: New focal mechanism solutions for crustal earthquakes in Tibet, using
lower hemisphere projections. Polarities of P-wave first motions are
given by large and small solid circles for clear and weak compression,
respectively; large and small open circles for clear and weak dilatation,

. respectively; and crosses for uncertain polariéation. S-wave polarization

é:; is indicated by arrows. Tick marks on nodal planes give the locations of

) “ poles to one of the nodal planes. P and T are the location of maximum and

minimum compression, respectively.
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3 Figure 9: (a) Earthquake of May 3, 1971 and its fault plane solution. Arrows

indicate normal faults. Center of image is approximately at 32.8°N, 87.3°E.

(b) Earthquakes of August 16, 1973 and September 8, 1973 and their fault
plane solution. Arrows indicate normal faults in nearby areas. A domal
feature is located at D and a circular lake at C. Center of image is

approximately at 32.8°N, 87.3°E.

Figure 10: Earthquake of January 19, 1975 and its fault plane solution.
Young alluvial fan has formed along fault scarp at F. Arrow points to
the N-S trending normal fault. Karakoram fault lies between arrows.

Center of image is approximately at 33°N, 78.8°E.

Figure 11: Schematic map showing tectonic interpretation. Broad line indicates
approximate plate and block boundaries. Large arrows show relative motion

between the Tibetan block, Tarim block and the Indian plate.

...........................
...............................................................




...............

) ) A PR WY L
E;,A.‘ U T A i S, R it RIS C IOIRILCEUP IO RNV ENA I R SRR S e R S
N :
x .

21
-
80° 85° E 90° 95°
TARIM BASIN ¢puLT Mgy s
\\;\ 8/74
Pk
Rug,
=

~—_

LUN—_FoOLDBEL a
K/UN’—\.——————“ KUNUUN o ° FAULT

\%-—“;// \\ m P

CHANG THANG PLATFORM

Kay, N
G
,-\ %

~CENT BELL
TRA~— IBET___&LD —

NY ———
HANGH 4 B N/——a .
. ~ : ASI M 130
e 7'\“ - %
t’ SANG‘PB—— _______ - - - - e 0@
= SUTURE W
TS TIBETAN HIMA
AN LAYA /

CENTRAL - arusT

gauLt
BOUNDARY
C ! ] L \ - 25°
Lomy
Figure 1

T T T e T e I R A T T W N S MU T AL R SO S PO T o . ) .. - A
B T e e e e e T T e e e e e e
;. o W WA W W o W ' a2l e e e e T S e e e e T ata e et s



L s e S R R S AN S N N T O L S B R R RS T SRR,

&
B
[
0
i

K

S,

Y : , Figure 2




T

[NENR R4

g

gxt g+ 2

T

Figure 3a

- . - - - . - - -, =~ . et -"';<.‘.a'-'.‘-‘...' . i
BRI S N e T T T T T e e T
W S Vol W S B AE G T T, Tl B O WA AR e A Mt e o PIOPURE VAT SORE LIS )




fq'r Aﬂ\“h LA A N
;,’c"‘" 7 - "'f“"f’"f’"
".
fn EF sy

Wi 7,0 41 (*‘"’
N

WL smx

JEEAT

_—
-
P
»
A
.
v
~
e
e
e
~
-~
e
Lo
~
-
.
\
L 1
\i*s

~
a,
.
e S - ,i_

il

i

Figure 3b




25

.:\1‘&1 v

Figure 3c

LRI it S R e TR o B e




TeTa F TEERR e

v —— T

PR |

T

T

B S

P T WP T R

R S

71’ ur o /‘Vyﬁ; ;;'MI.A.,I-J* ,,5’, f 'm?qgm,,:-::—r .»}

’
R S s ' ,/ A B &
5 -~ ‘ -~ o -
¥, £ pele
,,’ lv b. :;, ) g 3 : ; !
»-.i' e, J
A .

- | N

o “7-\“-—«" -
%
|
j o

’ 7 m——
<

%

4

e

0 20

el

b S A
b

P v—

! " o . - 3 suviis - .
" '- 4 "', ’ 5. - -~ ¥ ~ 3 o '-
{’ 3 = l'd” SR 0 I b ridiaidln s susiialin. | o'k SRR i< i

Figure 4




7 ]
~
)
- Y
) !
o
B A
.-.

W "
Yo Co TR s TN Cari s ety :




28

N 39 Y e

L S . .

< Py

.3 . 1 Y
- A

[
i, o P

.‘! .
g
Figure 6a

”w,.d § % ”._
e : u..
_ | _
; - 1 :
r P .-J - o A i niriah ..H




|
i
1}
i

-

29

e

e il £

B
&

i i
H ’ 1 i
L i
k ’ L)~

o
-
s S i sl O e

IFRPRREE

it

T — T T

t
L]
t
[}
|
L

Figure 6b

e e e e — i — —————— -, i M — o s !-l"ll:llll'ﬂ.wll.l!L



30

e

L s iR DRl i B R e e e e EE TR L G S A

Figure 6c




31

Figure 7

ARV

.
-
B T

ol 1 g e
b 1Y

L

“ -
I!¢
¥
e
Ny

b o
R i




" - AT e T LT - v
- YTV NN M ™
R A T Y Y N T N TN e,
M il N e e e T ® e ™ B P ma . S om
Ml Vi s 6 U MR Vg A e e Wt atn®e - )
B, N
* -
' : - .
B3

32

93IS6E dexm

UG 161973 3324N B804t I KM SEP G973 33298  esa2e nxy

JAN 191975 34N TEeNE  S3em

Figure 8

P TR N
I

. - e L e
T I A .
A e e e B

. e e
- - - . ° e N PR T . - L . . .
ety T e e e T e T e e
.‘_-- K, V.7 * A A . .




... B
: ‘
; 1
1
¥
!
i
] : oo AR
o .- o 2 > y B e >
i PR e S T ot it R Lo T ey Rt e el b e yﬂﬁ
i e . ol S -
AT MG e 4 Vs N : - ]
[ N 8 i, < A 7 Ve
. i o Sy R - g |
oL . b A -e Py
i N [ . 1,/1. - 4
v A N
} £ v N b ~x."q
i "B ‘ PR g’ . ol S O
1 . - -
1 v S s > o
| N T h
f % 1@ wl o
B L. -y ’
! - o - =
-l
i .
_ Ll e b
“.-
. = =
et &
i =4 o 4
| & * .
13 e~ 3
i e 2

L IR |
DA N::'J\ :

| .Vb’.
o, L] -
| ] - ) i
3 s
S
S 2
o 1
Vln- L4 u X
w Y - :
Fa b,
[
N
v
i =
« ,
t‘ A
>
4
~ ‘e
Yoy 5
k -
. ;
B
o




| r N e Al TN A, DT o 0T e e
I ;ﬂﬁ s i g w4 ey £ N .x_\‘l.- i

34
a

. : S oY % P p ek,
| il i L oY ) L
7 T i ; ,w,\
T s i
mw‘ S ¥ ‘
D\.’ - w A
o A : ;
PR : ' o ol
V 5 e = o £ v
L S P L - o
d ] e
,. r.
A
= e i J
w ’, T N “L ]
P L e “ €3
S L ;

; <
N
L]
T
- nii
.
» el
)
N
N

4 ] Q-
i . 3

* L] t
£ ta A8 ¢ Yes IS .
S .' ~ iy o {
i Ay W
Boaed o) =1 3 :
™ ..\‘,. § & . 4
LY ) l,.“Na l:u.lvl.ll.lﬂ ; iﬁc“ - i
b3 hran PR - &
e SR 3
bl i G B « 3 ] .

Y. E I B

o s
. e ;w.f ¥l
Eoa -
& ‘o a &
‘”. ¥ j v
v L2 ° A.
TS . w;
™ & “w
’ ,f 1 &
N :
i A 'y -
- ¢ 3 .. vn
g 1 . .} . >
4 i 1 g
"
-5

A . n\ ? . . Am .
“bn,. : .‘.o. "-r! 00-« i h o m . .. w0 @ <V..$ w..@
it AR e TS .
¢ ,dw ”—f N 3 e ;i, ?V..l.u.) »u_l, )
. 3 N T . ; e i #
v L 9 s.r.v.'; .."V-J..lﬂ ¥ l.w ‘n. 8 .ll\-. .. ’.l" uw e s.. e S ;-.

. ® _ e _ e

— e - - i e i e e ; AP .
N O L I O N s I T R N T T e o v R i i e S i e S e e el S




35

| T . = s - .k\. h,‘r..”.f__y..
. . TR /,%,,,.

* ...’ s

i ]

' 1
-. *
.

i
[

.

5
| o

i i
.

\ ° '
£ o .
X =]

i (%] |
B i [
i = |
|

i 1
' 5 i
. |

'

'

'
¢ ]

1
L ]
& 1

i ]
i
; 1
g e

: 1

'

. |
\J |

.

-” |

.

wi

..l.-ﬁWu.

TR )

e CURRUARATRES LRSS



" IR\ w - T — T R T T I Ry — i i A S e 2 L e el
B A e A A A A A ARSI A S S
N

36

I

!

-t

K

. .
S,

‘v

3! fznt

g N

3 .

.
|
|

e
.

Figure 11

AT DA PO |




,

-------

37

Relocation of the Tien Shan Events with Joint Hypocenter Determination

A series of earthquakes occurred in the eastern Tien Shan during 1969
and 1971 (Figure 1). These earthquakes are mainly of the shock-aftershock
sequence type because of the relatively large magnitude of the main shock
compared with the magnitude of the aftershocks. The method of Joint
Hypocerter Determination (JHD) was used to relocate the epicenters of the
earthquakes. The relocations were obtained with this method using a '
station-corrected calibration event, initial earthquake hypocenters,
initial arrival time, and station arrival times of the events, all taken from
the Bulletin of the International Seismological Centre. Thirty earthquakes
were relocated by this method with a maximum of 15 possible stations per
earthquake and a minimum of seven stations per earthquake. Stations were
chosen to give the best possible uniform azimuthal and epicentral coverage
as well as the most reliable readings. Table 1 gives the station

epicentral distances and approximate azimuths.

The ISC reported depths for most of these events less than 47 km.
These depth determinations are calculated from arrival times of P only.
Thus, without pP data or arrival times at stations very close to the source,
it is impossible to accurately determine focal depths. Since our ptimar&
interest is to develop reliable techniques to determine fault planes along
with fault plane solutions and satellite imagery, approximation is made by
assuming all hypocenters to be at the same depth. The resulting relocated
epicenters are shown in Figure 2. The dotted lines represent the approximate
trend of aftershocks. This trend is in good agreement with the "A" nodal
plane also shown in Figure 2. Therefore, this nodal plane, which strikes
N75°W with a shallow north-dipping angle, is chosen for the fault plane.

Interpretation of LANDSAT imagery indicates no obvious lineament

" trending in this direction. However, the approximately.east-west folding in
the foothills of the Tien Shan indicates a shallow thrusting dip toward

the north. This observation is also in agreement with the general trend

of the aftershock sequences. Further study of LANDSAT imagery of different
seasons is necessary to determine whether faults can be observed from the

imagery.




TABLE 1.

Stations Uséd in the JHD Relocations

Station Abbreviation Epicentral Distance Azimuth
(deg) (deg)
PRZ 1.19 331
MNL 9.33 209
KBL 10.55 323
NDI 12.83 188
QUE 15.18 226
SHL 18.87 143
GBA 27.69 185
NUR 38.16 319
41.29 302
41.31 303
47.08 304
62.00 5
67.80 20
75.84 7
79.34 129

...................
.................
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Figure 1. Map shows ISC location of epicenters from 1969 to 1971 events.
Solid squares represent 1969 aftershock sequence, open circles represent
1971 aftershock sequence. :
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Figure 2. Map shows JHD relocated epicenters from 1969 to 1971 events.
Solid squares represent 1969 aftershock sequence, open-circles represent
1971 aftershock sequence. Fault plane solution of February 2, 1969 events
is taken from Molnar et al., 1973. .
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i Fault Plane Solution of Haicheng Earthquake of February 4, 1975

A majof earthquake occurred in the Liaoning province on February 4, 1975.'
The USGS has reported the following parameters for this earthquake:
epicenter: latitude 40.641°N, longitude 122.58°E
origin time: 11 hours, 36 minutes and 7.54 seconds
depth of focus: normal
magnitude: 7.4 (MS)
- Data for this earthquake were obtained through WWNSS stations. Only
the first motion of P waves and some S wave polarizations recorded on the
long-period instruments are used in the construction of the fault piéne
solution. The mechanism (Figure 1) indicates strike-slip faulting. This

TN i P Y *

f earthquake was accompanied by numerous aftershocks. Figure 2 shows the

distribution of earthquakes of magnitude 2 and greater between February 1

and May 31, 1975 (Gu and others, 1976). Aftershocks were concentrated in an

. area 70 ke long and 30 km wide and the epicentral depth distribution was

A g between 1 and 17 km with most less than 12 km. Therefore, we conclude that
the near-vertical east-west trending nodal plane is the fault plane.

vi Ae k14~ 18

Reference:

i

Gu, H.D., Chin, Y.T., Gao, X.L., and Zhao, Y., 1976, Focal mechanism
of the Haicheng, Kiaoning Province, earthquake of February 4,
- - 1975, Acta Geologica Sinica, 19:270-284.
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maximum and minimum compression, respectively.
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others, 1976.
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