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ZIRANELATION OVERLAYS JOR ¥y FIQURES ARE APFENDED. W

I. Ye. Gubin
(An Exporiment in the Determination of Beismotootonic Regions)

Chaptor I

INTRODUOTORY KEMARKS
L. Intxoduotdon

Earthquakes ooocur annually in the torritory of Gamm Oblast in
Tadsehik B8R, From the otandpoint of the number of seismic chooks
recorded within its bounderies from 1912 to 1945, this oblaot
oocupies one of the firet places among other regions of the Soviet
Union, As mny, or poesibly somewhat uoie seismio ahouke have
ocourred only in the mq‘ghborlng eaptern part of Stalinabad Oblast,
vhich 1o adjacent to the vest. In these tvo oontiguous territorien,
8coording to rocords of meismographic stations from 1912 to 1937,
l.e., for a period of 25 years movye than 45 percent of the earthe

quakes resorded in the whole of Oentral Asia ooscurred, and about 25

percent of the earthquakes which took plage in the territory of the
entire Boviet Union (29). For the past 12 years alone, from 1934
to 1947, meny hundveds of seismic shooks of medium and veak inten=
sity, and four destructive earthquekes of 9 and 8 points, have been
recorded in Garm Oblast,

Strong ea n Garm Oblaet are alveys accompanied by
severe hardehips. For the 12 years mentioned e large numbexr of
ropulation pointe m various rayons of the oblast were destyoyed in
earthquakes, During these 12 years the government of the USSR

allocated to the oblagt ueveral. tenu of millions of rubles for
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reconstruction vork, end repeatedly exempted the population from
tayee and deliveries in kind.

In conneoction with the frequent recurrence of etrong ecrthe
quakes in Germ Oblast, thexe iec great significance in the seaxch
vithin ite boundaries for moans of reduoing the destructive
effeots of aaiep&o phenomena., Accordingly, the seiomicity of the
territory of Garm Oblast hao been investigated in this artiocle, and
e map of ite nohuo rogions has beon dyewn up (1.e. pleces whore
corthquakes are ourvently taking place have been located), with a
viov to tho recommendation of eppropriate measures for the planning

af construction to provide protection sgeinot earthquakes.

As 1o known, earthquakes in Germ Oblast are caused by tectonis,
in partioular by mountein-forming procescses (8, 9)s In the cource
of the author's peiemoteotonic yesearches it was ascertalned that
the eploenters of these ea.rthéuukas colnoide to & certain extont
with the lines of recent Alpine faulte in the earth's orust, and
that their fool lie along the planes of the faults, at depths from
2 or 5 to 25 kilometern, less frequently deeper., The oocurrence of
these foulteplane earthquakes ;s probably oaused by breaks in the
oontinuity and shiftings of the mountein meeses. The above-noted
Alpine tectonic faults, with which the earthqueke food are connected,
end along which the shiftings of messes within the boundaries of
Garm Oblest talke place, show up clearly on the earth's surfece. The
discovery of theme olose connections, easily observed in nature,
betweon seismic phenomena and revent faulte in the earth's orust has
made.Lt poosible to divide the territory of this oblast into melemic
vogions on the basis of the results of study of the verious conse=

quences of tectonic movemsnts,
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Date for this study vere colleoted by the suthor in Gamm
Oblaet during the course of Fleld expeditione mede there over &
ron=continuoue pericd of eix yeare, within the poriod from 1932
to L1947 inolusives at firet in conneotion with the mission of the
Tadzhik-Pomir expedition of the Acadomy of Boiences USER, ond sube |
sequently with thet of the Tadzhik branch of the Aoadenmy of
Solenoeo UBER end of the Geophysicel Institute of the Acadony of
Solences UBER, Thie artiole (Speech at & sesoion of the Leaxned
Oouncil of the Geophysiocal Institute of the Acadeny of Eoiences of
the Usﬂ,“ﬁ}?éé, 1548.) vao prepared for publication in the seiecmo-
goological laboratory of the Geophysical Inetitute, The euthor
expresgon apprecistion to the director of the leboretory, Professox
G. P, Gorshkov, and likewise to N, V, Veohnyakov and Ye, F.

Savaronskiy, for esuistence and advice rendered,

2,

At present, for the division of variouo territories into oelomio
regionn, the selomostatistical method 4s ususlly applied. This note
vithstending, I have seleoted enother, the selsmotectonic method, for
dividing into regions the territory of Garm Oblast, Selection of &

nevw method of determining seismic roglons requires mpecial explanation.

The saismékatistical method of determining seismic rogions 1o
based on the ewsumption that earthquakes at present ocour regulerly in
the same places == places which in most ceses have already been looated
through etudy of the effects of earthquakes, Appropriately, this
method is founded on the use only of statistiocal data on earthquakes,

A It inoludes the gathering of information on the distribution of earth-
quakes of various intensities ) analysis of thie information, and next

the compilation on the basis of the given data of seismostetistical
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mepe of sedemic regions, On these maps are plotted in one vay or
another the places of ogourrence and areas of diffusion of the .
otrongest certhquaies which have taken place, during the source of
gome, uaually brief, yeriod of time, within the bounderies of the
territories being etudied, Mape of this nature are aconaidexod com=

plete,

The above=mentioned brief periecds of time for which solomoste~
tistical data are gotherod number for various places from several
tens to meveral hundreds of years, deponding upon when within tho
boundarios of & certain territory the regular recording and study of
aarthguakes was begun., In compiling moismostatisticel charts, it is
aooumed that in the futuro oarthquakes will repeat themoelven in the
peme ploces and will from time to time attain the same maximum intene
sity e cerlior, but that in those places vhere they have not osourred
before, they should not be expected, The latter areao axre olansified
on the oubject maps in terms of distance Prom epicenters which have
appenrod and in terms of the degree of weak tremore vhich have
reached thom, either &s aseismic regions or regions of low sotivity.
These seismo-ptatinstical maps are moceptod by nhny inventigators,
and elso by edministrative organizations, as maps on which essentially

all locations of posnoible future earthquakes have been foreseen,

The neismo=otetistical method in question for division of selomic
regiona, cannot be applied everywhere with uniform sucacess. Por its
puccessful application much statistical date is required, whioh in
many seismioally active regions is available in extremely inadequate
quantity. Statistice). data espential for the determination of selsmic
regions must ‘be e;;llented over such & long interval of time so as to
show during the intervel the activity of all (or the majority of)
earthquake fool existing within the boundaries of the territory being
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otudied or situated in neighboring regions and ocnelantly aotive
from time to time, even though they mey be recorded only once. If
these intervals aro short, then meny fool end groupe of fool will

not menifest themaelves and therefore will not be disoovered.

It 16 natural that with the aubjeot reismostatietionl methed
of divioion into regione, places of the development of ouch unmeni-
fented fool will be orroneously olessified as aselemic oareas o
areas of lov activity, clthough at any moment strong edrthquakes may
take place within thelr boundaries, Oonsequently, under theose oire
oumstances, with statistical material svaxce, the application of
the polomoctatistiocal mothod of divieion into nelsmls regions will
not produce the desired result and mey even load to distortion of

the truth.

(In litexsture on the subjeoct there in encountered & lerge nume
ber of mapn of seiomic regions, oalled d;dgnio maps oy dlegrams of
solomic regions, with no indication of the dete on which they are
based nor of the means by which they have beon drawn up, It ds
necosoery to note that an overvhelming quantity of such maps 1o made
up only according to statistical deta and by the nfg‘smstauuuual
method. In connection with whet has been revealed, for & true evalua-
tion of various seismic mepo and for accommodation in resding them,
the method of their compiletion end the type of dats vhich forme
thelr besio should be noted. For oxamplet "Map of the dj_.uu.io
voglons of such-and-such an oblast, drewn up by the plesmostatistiocal
method, based on date from 1890 to 19k0", ete. For another method of

division into vegions, soo %.) Therefove, before the melsmostatis-
e s Ve ot amgpleent ® ©

Wang,g4 0 L e e s

tiocal method of divioion into meismic regions can be applied, it
nust first of all be ascertained whethex the corresponding statistioal
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date are sufficient for this and vhether they will give & true
ploture of selemloity. It lo extremtly complicated to determine
the minimum sufficient interval during whioch ell ox the majority

of fool exicting in the selsmically active texritory being studied
should manifost themselves., For difforent regions thie interval
will vayy end will depend on the degree of activity of teotonic pro-

cesges and the number of continuously estive fool.

Let ue attempt to detexmine for what poricd statistical date
for the mountain oblast's of Oentxul Asia, including Garm Oblast,
muet be collected mo that selsmio regions may be looated with their

help alone.

Within tho boundaries of thepe mountain oblast'e there are
many tons and even hundxede of different potential seismic faults
in tho earth's orust, and &t the same timo thexe is & oorresponding
number of assooiated eerthquake fooi, In cortain of these oblast's
strong earthquaken ooour on the aversge of unve ecvery 10 to 15 years,
in othors every 15 to 30 yeers, new in one, nuw in enother place,
now along one, now along énothoxr fault. Gonsequently, the activity
of all fool existing within the boundsries of & certain vblast will
be able to manifept itself in mufficient degree only in the course
of meny hundred years, in certain territories only in the course of
goversl thousand years. It is evident that for sufficlently
effective determination of seismic regions by the statlistical data

for such an interval would be necded.

Buch date, however, are not available. We have regular elesmic
data for these oblast's only for extremely shoxrt periods of time,
numbering from 50 to 100 yeays, no move, and for Garm Oblast those
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data are available only for 45 or 50 years. Consequently, the
data in question are extremely inadequate for disoovery by the
solemootatiotical method of potential selomlolty oxleting in the
territories montimmed., Therefore, the disoovery of ali seismic
foul, or ot least the majority of them, within thelr boundaries,
inoluding the bowndories of Gam Oblast, yequires the application
of other date beosides seiemostatimtical data and the application
of anothor, nev mothod of detomining celemic regions, with whoae
help it would be poosible to find potential fool which have not
yet mnifeatod themaolves &s carthquakes during the course of
tho aboveementioned chort intervalo. Buch an alternstive mothod

of detormining neiomic roglons is the selamoteotonic mothod.

This mothod 18 basced on tho assumption that at present in many
diotriote deatruotive earthquaken in tho earth's orust ocour mainly
at voriouo small deptho-=up to 25 or 30 kilometers, infrequently up
to 50 kilomoteora and deeper--as the ropsult of sharp relative din-
placements of masses of rock strate along tectonle faults. These
ecarthquakes occur oystemntically in definite tectonio zones, at
various intervals of time. Procesding from thls 8s a reference point
tho method under consideration comprehends, in the author's consep=
tion, & ptudy of the mechanios of present-day testonic movements in
the earth's crust, inocluding the finding of verious selemic faults,
1.¢, of faults along which the shifting of rock masses takes place
and along whioh eerthquakes oocur. Together with thewse faults ave
located the constantly active earthqualke fool assoolated with them,
and the corrosponding eplcentrel zones. The latter are used subse~

quently as bvases for the compilation of selomic mops.
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Discovery of the mechanics of presente-day testonic movemente
in the carth's axust end the location of seismic faults are possible
by moane of etudy of the effeots of theme movements on the earth's
surfage, then by study of selemic phenomena, and likevise by means
of study of tho nature of tho earth's orust as indleated corres-
ponding outoropping of the haoic rook-bed., The mochenios of present=
day teatonic movementa in the dopth of the eaxth's orust ocen ho most
yrecisely ascertained in regions within whose boundayies the effeots
of these movoments manifest themnelves in &cnespible forms, on the
eorth's surface as woll oo at depthe which are of interest to uo.
The geologioal structure of the earth's crust, and at the sams time
the location of various faults, can be aooortained, depending on
local gealogioal conditions, by outoropping of the basis rook=bed on
the carth's surface at depths of eeveral kilometere wp to 15 or 25

kilometors, and in individual oamces up to 100 kilometers or more.

(In goosynolinal areas » in plages where there are deep Jointe
which probably penetrete, eccording to A, V. Peyve's dotermination
(28), the interior of the carth's oxust at dopths of neveral hundreds
of kilometers, the mechanion of tectonic movements can be ascertained
by geologioal methodn within the 1imits of the whole of the indlcated
depth. In particular, this cean be done in Centrel Acie in pleces
where the deep Talan-Fergana jJoint is found,) On the whole y where
the effects of present-day tectonic movemente are olearly revealod on
the earth's surface, the mechaniocs of these movements con be msgeye
tained by geological methods, with various degrees of detail, at &
depth of 10 to 25 kilometers on thé &verage. At greater depths the

machanics of movements can be assumed only in general teyms,

Lo

If the earth's surface in not broken in & gextain region, then

it 1o possible to suppose that tectonic movements there are presently

ue-
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et the minimum, that for practical purpeses they are ahsent .

Applying the geismotectonic mothod of determining peioule
yegions, one fiyet ptuddes the geological oomposition of & gertain
avea and ascertaina within ite boundaries the offectn at the
earth's ouyface of the woot yeoent, inoluding quatemary, movemento,

Inventigating

(Pig. 1 Eomeo of tho village of Dehoxako, located in the
eploentor of the eexthquake od"ﬁApr.*.I;"aﬁa: 1941, which vere
dentroyed and slid downward along a slope.

Photo by I. Ye. Oubirl: Sy ot At

-

thooe effects, one diecovers the general plan of these most recent
movomonts and ot the came time loocttos the various veoont feults in
tho oarth's oruot. Noxt, vith the help of seismontatinticel date,
if poasible instyumental as well as non~instrumental, (Inatrumental
data, epsential for deotalled dotexmination of welemic reglons, nunt
be puscesaed to & high degree of precinion, 6o noted below in §6.)
one ascortains whether theue nevent tectonls movemsntn ave contin-
uous, vhat intensity thoy attain, and whother thoy are taking place

Just as before, or in some altered form.

This 1o dono in the following mannex. Ono gathers all recorded
seismostatistioal deta for the ayee being studied and determines the
geologloal oconditions undey which varions individuvel earthquekes have
taken pleae. This being done, one aescertains a.l.or_;g what min type
of feults and undey what main geological conditions subterranean
shooks are mainly ooccurring and shiftings of maspes are taling place

at the present time. Afteyvards, summarizing all geological and
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geismic data, one determines the probable general plan of presents
day teotonic movemente, Ho ascertains in what prinoipal places,
under what principal geologicel sonditions, and aleo along what
prinoiyal typee of faulte roak maases are nhifting and earthquakes

Are taking place at present,

Using thie plan, sae inveitigates the geologionl elreumstences
velating to all the othex, cavlier montiuned racent faults whioh
have heen loocaterd through study of Quaternary and earilier toatonie
movements, and [inde among the lattor botential selsmin faults, L.0,
faulte along which carthquekes have not ooourred during tho aourne
of the vecent brielf period when men have heon atudying earthquaken,
but whioh had boen regulariy noourring before that poriod, during

the last coveral thousande of yoors of the yresent geologleal age,

Various Rolomicelly active faults (and other seismio ntrustures) ’
whioch have been looated by means of ntudy of the goologioal csusen
of individval earthquaken and by meane of comparative seismoteatonic
tnalysis, are plotted on the map, together with the probable epie
centrsl zones @ssooiated with these strustures. This map is taken
88 & hasis for the determination of selemio regionn, On it are de-
termined in addition whet very strong earthquakes have heen during
the present geologioal age typiocal of the epicentral sonen which
have been located, and whet were the radil of thoir diffusion, This
is done in the following menner. With the ald of statistioal dato.
one ascertains what very atrong earthquakes aye chersoterintio for
selomioc faults which have already mnifeated themselves, how often
they ocour, and what ere thelr sones of diffusion, Next it 4n ..
8osumed that along other, ldentioal ffuil.ﬁi, gpg.e.r 1(1_95”6@3.!:1. g4o~ et
logical Sonditions, *theze is & possibility of earthquekon of the name

charactor and frequenoy. In omge there 1o an ehsense of any selsmo-

“« )0 e
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glatietical date on the reglun being etudled, vhe glven seismis
faults aye compered with selemlo faulte in neighboring, end in more
vemote, Nlaces wherv geneial goologlonl gondtions are approximstely

the nsane,

In addition to eurface earthquakes, decp-centored eaxthquakes
may voour in the axeas boing studied. The mature of theee earth-
quekon 18 not yet oclesr, and the stevietical method must be werd to
dotermine the seiomic reglons into which they mey be classed. Inw
aidentally, in many seismio veglonw deep=oontored earthquakes ooour
very veldon and in the mjority of coues do not attain destrustive

intensity on the earth's surfaoce.

In mape of welemin regions dréwn up by the pelumotectonic uethod
{On theue maps of aeiemlic reglons it 1s possible, for purposes of
simpliflcation, not to plot thb aymbsls of certain seismatectonia
ptructures, and on umall-nonlo zepa it 10 even posoihlo not tu plot
indicetions of epicentral uonen, glving vnly indications of the
tyemora of greatest intenolty whish have occurved.)
are Included zones of oocurrence and areas of diffusion af the strung=
eot eaythyuekes typloal of themsa places, whick have ocourred regulerly,
not Just during the llmited pevivd of time when earthquukes have heen
atudied, but even before thle period, during the miny post millenie
of the current phose of the present geological age. Concequontly,
these mape yoflest with exirems completeness the nelonmicity of & given
torritory, but they ptill do nob umbody the greatest posuible complete=
ness, aince deep-ventered varthyuakes ave taken into conuidoratiun here
only within the limits of etatietlcal date, £ince thewo mups of
pelomic regions 8re based on vunolueions drewn trom the study of the
nov=aotive mechénica of presentedey movements of the carth's orust,

they mty thus be considered &e maps on which besically the places have

“1ll =
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been foreseen within whose bhoundswies nertedn atrong earthqualse
typleal of these plages may caour in the near future. Applying
the given selsmotestonin method of determining seismie reglonn in
Pleavs whera the inhabitents do not remember styong eartiquskes,
1% 48 pogrible to emcevtain whether auah earthquaken ovourred
vegnlaxrly at an earlier perisd in the aourse of the ourrent phase
of the preeent geologioal égo, 1.0, in the sonree of the met geve
oxel millenia, Next, it 48 possible to esgextain whother thene
asythiuakeo will repoet thomoelves during the present time ang
vhat 4& the greatest noymal atyength which they will ettain, It
10 aloy poenible to detoxmine, an ve have neen eerlier, the redii

of diffueion of thece earthyuaken.

b, % O¢

In consequenco o the fact thas tho seismatoctonta methad of dew
termining solsmlo regione iu baved on the use of date suquired in
otudying the offeots of prosont «day teotonic movements which show up
in various forms on the earth's nurfaco, 1t 4o watural that this
method oan be applied only for determining the seiumic reglonn of
territovrion within whose houndarion reletive movemente of the caxth's
orust which cause earthquakes manifest themnolves elther in tho relief
or es small local oracks in the earth's surface, goologioal atruaturen,
eto. Buch territories ave the majordty of seismic reglons of Centyal
Acla, pext of the roglonn of Bilaria, the Cgucesuc » 4nd other placou,

ineluding the territory of Gowm Oblast.

I shall note certain peoullaritien of the application of the
oelpmotectonio method of determining seismic yeglons., Itas greatent
complexity 1s in the discovery of relationships between sodomio and
teotonie Phenomena, andl in the location of potential favnlts, The re=

lationships between selsmic phenomens and present-day differential
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wyvements in the earth's crue 1s asvertained not unly thyough the
elmple noineddence of onrthquake epleentere with the inee of regent
teatonle favlts, but alsy hy other signe, frecificelly, thie ve«
1tlunship 1o dlsolosed by the coinoidence of various types If esythe
quakes with various corresponding types of gealogleal sirustyres and
thely peouliar testonic movemsnts, for sxample, by the eoinoidencs

of surface carthquakes (vith faed up to 5 or @ kilometexs in depth)
with surfece mtructures whioh zeveal sertain losal shiftings end come
plicetiuns, or Ly the eodnoldence of fock of the decepex carthquakes
with steep faulte in the area of bloock mavemsnts in the carth'e

orust, This relationehiy is aloo ascertained by coincidemce of the
rattorn of protrectod Leoselsmel lines of various eamrthquakes vith the
rrotrected loocation of verious moving geologlosl ctructures and oven
of individval mountein systoms, by coinoidence of the form and depth
of foul with the bordors of individuel moving folfe or blocke of the
cayth's orunt which &re buunded hy Paults ; and likewise by the wniforn
character of certein onrthquekes which vecur ountinually in definite

toctonio gonen, ex well os by meny other indisations.

Trom the large number of aifferent, rocent faulip which exist
within the bounderdes of the territory being studled ) belomically
active faoults are dintinguished by verloue means, IPlrut , Praulte
connected with the present-duy tectonic movements whioh are mont
typloal of certain areas of the territory being inventigatod ere din-
tinguished, Some of these correspond in looation to epioenters on
the oarth's purface and are at the depth of carthquake fosi in the
earth's orust; othors are found through traces of dislocetions which
have osourred along their planes during earthquakes; & third category
is found by ite. aodmsidende (in wounvain.megions) vith shazastertatin = *°
landslides and by the relief of the earth's surface 3 a fourth category,

nlj-
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uevally comprising en importent parv o3 the selsmie faults whieh ave
located, ie dicolesed thruugh compdrative soisnutestonis And goomr=
phlo analysou, elo, Juulie whieh are afilen within the enyth's ocruet
may be found through analyels of cortaln surface geclogicsl struse
tuves, for example, of ocompressionel folde of various thickmooses
which An the depth uf the edxth's ovust have been torn avay from
aomo plane of the substxatum and, by virtuo of their soineidence with

thia pleane, from the fool &f earihyuahes.

If pousible, varivus inetrusantal measuvromento ahould be
applied %o the location of ototential aclamio fuulia, In Garm 2blest
‘these have not yet boen made, and I shall therefoye not discues them,
I shall take this opportunity to montion that probably the most come
prohonsive method of searching for potentially neismio faulto 1o the
appllocation of highly sennitive seismogrephs in pleces where such
feulto are developing, in oxdor to keop abrewst of thelr day-toe-day
progrean; sotive faults will menifest themselves wlth woak tromdrs,

and "dead" faults will remein quiet,

=

Je

In literature on earthquakes it ius coumon to encounteyr maps of

poismlic regions, drawn up by the seismostatioticnl motliod, on which

in cortain oagea lines of the extent of fold-syuiemn and depreocions
and in other cases lines of faults, have been metioulounly plotted.
fuch combined maps of seismic reglons are somotimes salled, ervoneously
from this autbor's point of view, selsmotectonic., This is erroneous
becavse In compiling them e teotonis enalyuls of the mechanios of
present-dey tectonic movemente has not been made, and potential fool,
f.0. fool not recorded by otatistics, have not been dotected. Tectonlos

in this ocase adds nothing to statistios. In ssnence, such maps ave

-1l -
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merely ooismostatistical, vith tectonio diagroms plotted on them,
and they have all the dofoots of statietical maps, 4f the lattor
have been mede up on the veis of sparse date.

Lot ue take for example cuch & mep of Oentzal Asie (25). On it
have been plotted as small spote the nine-point sones of tho strong=
o8t earthquakes recorded up to tho moment of the map's compilation,
Intorvening tcroas botveon themo zonee &xe indicated by symbole of
lov aotivity, vith point-mdincn'deorneans according to dimtence
from the epiconters, similar to the vay this is done on statistical
maps. Teotonic considerations have not been made hero, &nd potentiecl
£o0d have not boon detected, 1.0, nothing has been added to the
statistical method. In conscquence of this, the mep in question
oould not withstand the tost of time even for 12 years. Pron 1953
to 1946 oix eight-and nine=point eerthquakes ocourred in Central Aola,

(Avgankul', 1934; Argenkul', 1935; Koretegin, 15393 Germ, 15413
Feyzabad, 1543; Raryn, 1946 (9, 13).)
in zones designated on this map 8s five- and oix=point zones, i.e.
vhere they had been excluded and where fool had not been dotected by'
ptatistios, but vhere they existed potentially. These fool could have
boen deteoted by the seismotectonisc method. The author of this map
in disoussing in his text the probable reasons for individual eerth-
quakes, noted the possible exintence of potential focl, but in coms
piling the map this admisslon was not taken into consideration.

Nor have other similay maps of Centrel Asia and of certéin other
reglons withstood the test of time; this includes also various otatis-
tioal maps, some of which are oalled seismic without indication of

the fact that they vere compiled by the seismostatistical method.

I+ 48 aleo incorrect to olass as a selpmotoctorde -method of de-

-15-
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termining seiemio regions the simple proceee, often epplied in liter-
ature on the subjest, of the combination or Juxtaposition of statise
tical ond teotondc mapa whioh have been produced without enalysis of
the mechanics of present=day teotonic movemente end without adduotion
of factual date or even of apeoiel conolusions e to the goology of
all of the territory umnder investigatiom. Through euch & combination
or Juxtaposition we asoertein only the possible geological promises
of individuel earthquakes, but &s in the proceding csse nothing i
sdded to the solicmostatioticsl method, 1.0. other, potential focl ave
not sought out. Ooncequontly, mape compiled with the eseistance of
such Juxtapositions ore, from thie author's point of viev, &o before

ptatistioal mapo.

Incidentelly, onc of the mopt importent distinguiohing features
of such maps of neismic regions, compiled &p they ore by én ospentially
statistical mothod, is the presence on them of oight- and nine=point
rones, indicated by small patohes, in only those placeo where tremors
of corresponding intenoity have been recorded. The intervening &reas,
where such otrong eerthquekes have not been recorded, are indicated on
these maps by oymbols of low sctivity, althovgh in certein ocanes, Bocoxd-
ing to tectonic date,may ocour in these areas, socording to teotondo

data.

It s interesting to mote that, with every nev destruotive earth-
quake, corresponding new eight- and nine~point zones appesr in nev edi-
tions of ouch maps, On maps compiled by the seinmotectonic method the
majority of these zones would have been detected beforehand. As hao
been mentioned already, selsmotectonic meps include the epioentral
gones of earthquakes which have not been recorded, 88 well as of ve=
cently destructive earthquakes which heve been recorded, i.0., they

inolude the eplcentral zones of the majority of active fool.

- 1f =
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The individuel elements of the method of deteymining seiomic
yegions which has been considered above, end which 48 properly
pelemotectonds, tegen to be goncoived long 8go, when various in-
vestigetoys, beginning vith I. V. Mushketov, E. Zyued, and A« P
orlov (22), pointed to the velationahdp between tectonic earth=
quakes ond definite foulte in the eorth's orust, ond classified
the latter og velemic lines, subsequently 88 tincamonto, Those
relotionships botween gcodsmic phonomena énd teotonio foulte wore
also studled in succeeding vorks, In portiouler, in 1946 G, P
Gorehikov and A, Ya. Levitekoye (4), in & work on the, peiemlodty
of the Orimea, domonstyated the yelationship vetveen Orimeen
earthquakes and & feult caoumed to oxist on the floor of the Black
gen., N. K. Paffongol'te (27) detected en identiocal rolationship
betveen carthquaken in the southorn Caucasus end other faulte in
tho odxrth's orust, oto. The gonoral problems of tho seismotectonio
mothod of determining gselomic voglonn vore not touched upon in
thens vorks; this mothod vae not devoloped in the form in which it
hae been set forth horein, &nd weo not applied to the solution of
practical problems in determining the goiomic reglons of arees.

In particular, this 14toyaturo failed to develop the problem of
1ooeting potentiel fool end the ptrongent esrthquakes cheracterietic
for them. Until the present time the latter weve not sought out
end were given no spocial aietinotion in connection with the deter=

minatdon of the scismio vegions of areas.

In determining seismic yegions verious investigators, end also
conotruction engineers, nave been recognizing 8s sontinuously active
only those fool which had appeared yecently, in the course of & brief
histoyieal perdod of tims, ap earthquakes of substantial intensity.
At the stme time certain other investigators heve understood the ine«

sdequacy of the peismontatistical method} however, knowing no other

- 17 -
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vay to determine seismic regions in individual caees, thoy have in-
oreased, without sufficiont Justification, the selsmic point-readings
of various mountain roglons to € or 9 polnts, elthough this doee not
correspond to mtatietios, according to whioh theve have been no
ntrong carthquakos in thece regions (36). This being the ocac,

layge areas frequently @pponred on maps &g oight= or ninepoint zones,
with no oonsidoration of the fact that within thedr bounderies thore
might bo substantiel areds of leseer activity.

As oorly oo 1943 (8, p. 58) the muthor hed epplied snalysis of
the mochanica of modern movements in tho earth's orust and had traced
put potentiel fool for determining the oelsmio regions of a substan-
tiel ares &nd ancerteining the selsmic conditions of meny population
points., In this article an attempt hee first been made to eotablinh
and dovolop the selomotectonic method of determining selomic regloas,
inoluding &o o fundemental component part the loodtion of potontiel
as well oo alreaiy-manifested focli. This method hap been applied here
for the dotermination of the selsmic reglons of an extensive torritory
of Gorm Oblast and 18 recommended inatead of the wstatisticel mothod
for further practiocsl application in other regions of Central Aole,
the Oaucasus, and Siberia. Important achievements in the paot ten
years in tho study of the geological structure of the territory of
USSR, during vhich time detailed geological data have been asgpnhlod
have wede posaible the application of this method.

It may be supposed that large-scale application of the nelemo-
teotonioc method will bring us close to & solution of the problem of
L e R - .Lorectpting earthquakes. In particular, with the uid of ¥his method
it is posoible to locate places where strong esrthquekes will ooour
in the future in & given territory. Having studled the various

physical phenomene which probebly precede strong earthquakes, for

w18 «
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example, ,

(’/',{f‘ 2, Hewe . y,"//.ﬂ:f.»» N 2 ;.'1,:;.} ﬁ/ﬁ» .“f,l';?:ﬂu:,’n; /l{,[’, o ,:'}',;f:,;'#/’
(rig. 3. The rByon disponsary in the villege of Germ,
whioh vao destroyed By the earthaueke of ,53541 20
194l. Part of the northern well collepsod.
Pnoto by I. Ye, Gubin) ,.L"" Ry A il o

wosk proliminary tremblinga, inolinations in the eexth's suxfeae,
subterroncen noises, oo, 1t soems that it will e pobuible in

the futuro to leawn how to predict in thaoe plages the time of

soourrence of destyuctive nelsmio ohooks .

Seiomatatintical data on the torritory of Germ Oblast, on &l=
veady noted, has boen collected only in tho course of no moxe than
45 or 50 years. Until 1805 there was an ahoenoe of any inbrmation
on earthquakes which had ooouryed there, and from 1895 to 1912 there
were only brief, fraguentary yeporta of inaividual subterrenean
shooks (18,22), Binge 1912, vith the opening of the seismic otation
in Tashkent, earthquakes in the territory of the oblast have been
regulerly recorded with instruments, but 8% this station, due to the
great distance from the objeots of 1ts observations, only individvel
very otrong tremors heve been noted. The eploonters of these tromors

weye fixed with an error of the order of 20 - 25 kilometers and more.
PR L
W M“"".n p.u"o-:-:" N .. L ‘
Farthquakes of partioularly great intensity heve of couxse beon v
recoydod ot moxe remote stations. Since 1640 earthquakes in Geym

Oblast have also been recorded &t the pelsmic station opened in the

-19-
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aity of Btalinabed, But at this station, dve to 1ts remotencse
(R00 ta 300 idlometoxs), many veak surface quakes ocouring in the
torritory of the oblast have not been noted. Thenks to the exe
panolon of & network of reglonal seismio stations in Oentral Ana,
partionlarly to the oommencement of oporatione of atations in
famarimnd and Btalinabad, the precision with vhioh opicenters in
Garm Oblast are determinod has beon reised since 1940 ta, 19 kilo-
moters (33),

Oortain veluable information on earthquakes whioh oocourred in
the oblast betveon 1908 and 1937 has been furniched by looal corren-
Pondente, These date have boon added Lo tiue catalog of earthquakes
in the torritory of the USER (18),

More dotailed date on seismic phenomena in the territory of the
oblaet for the past 20 yonys have heon soquired by means of field
otudy of the destruotive effectn of strong subterrenean shooks.
Bpeaifically, V. I, Popov (31) hao studied in the fleld the destruo=
tive effecte of the Avganieul! earthquake of 1934 and by noninstrue
montal data has looated ite eploonter in the vegion of the villeges
of Lyayrun and Avgankul' (Fig. 4.),

The author of this artiole has atudled » ¥ithin the bounderies
of tho oblast, the destructive effests of six other strong earth-
quakes which osouryed during the period from 1932 fryom 1947, and by
means of inquiries among the looal yopulation and also of documents
of local organirstions has mscertained the effects of meveral other
a}mila.r earthquakes which ocourred furing the period from 1895 to
1952. Through these investigations nine earthquake epicentern
Were looated, according to the varylng degrees of destruction of

buildings in various population roints, and maps o their isoselsmal

“ B0 -
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awver wore compilad (Pig, &)y In certain thiokly Populated regions,
for oxample in Jarm Where villagen are losated &t distances of from
2 to b ilometers arert s the precision with whioh the above-mentioned
cplcenters were fixed votohed arproximtoly 2 to % kilometers, In
other plages, where villages ®xe more sparaely l.oated, at dimtances
fram 5 to 7 or 0 kilometoxe apart, the procieion with whioh the

eploontern were fixed ves oorrespondingly lowver,

In studying the geological premimes of oarthquakes in the torrie
tory of Garm Oblast use wae made of dotalled hand~drvavn geologioal
oharts, nompiled by the author, of tho tervitory of the Poter I rango
Khingou and Surkliob velleys, the northern slope of the Darver range,
end certain ports of the mouthern slope of the Gisoar range, Also
used veroe hond-drawn geologiosl ohartn of individual gections of the
gouthern olope of the Glaser range, compiled by I. K. Rikitin, A, P,
Redzvotokly, end A, G, Ivashontsev, Bpecial detailed geological
invontigations wore mado by the author in regions of earthquako epls
centern, The author made tho sections of Meworolc end Tortiary
deponite mentionod in this artlole. Deta on the thickness of Neooone
deposits on the Petor I runge were borroved from A, R, Burechek (2).

Special instrumental medsurements, partioularly seismometydc
medsuroments, essential for the solution of problems in determining
selsmic reglons, have not yet been made in the territory of Garm
Oblast, However, as hea been noted already, the eploonteys of
several mtrong earthquakes cocurring thore between 1912 and 1047
vere determined instrumentally from remotely loocated seismio stations,
partiocularly from Tashkent, with an orvor of 15 Idlometers. Within
theme Limits of precision, L.e. 15 kilometers (venge of erroy of up
to 30 kilometers), ave uswally looated several diffaront geologleal
structures and often many different faults in the earth's orust in

-eln
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che territory of the obleet, In these conditione 1t & naturally
tmposedble to ascertain with what conerete geologleal atructure oy
with vhat fault & glven earthquake has been connected, Buch & con
neotion might be found if the eplcenter of o glven earthquaks were
detoymined with enmgll errer on the oxdey of 1 to i kllometers.

(T ehall take thie oyportunity to note that with an inorease
of up to 1 to 3 kilomstors, or even up to 5 kKilometers, in tho pro-
ofsion of fixing eploenters end neismio fool by regional selemic
ptationn it vould be poseible to comnest these obeervations with in=
dividual geologioal structures, This would open up en extremely
broad porspestive for the trecing of faults alung which sarthquakes
oucuy, &nd at tho samo time would greatly ninplify tho determina«
tion of seivmic regions.)

This depived procision in fixing eploentors hae beon attained in
vertain cases through £icld study of the dentruotive effectn of
ptrong corthquakes in thiokly populoted reglone of Gorn Ohlaot.
Therofore, only epleenters fixed by the nmingtrumental nethod have
hoon used in this article for mseertaining the relationship he-
tweon sedsmic and toctonic phenomona., The dopths of seismde fool
2f various osrthquakes have likewise been determined by the nonin-

struwsentsl method, and only hypothetioslly, by compéring

(Mg, 4, Schomatic mp of destyuotive earthquakes ocourring in the
torritory of Garm Oblost in tho poriod 1934=1947,

Compiled by I. Ye. Gubin in 1947
1==Zonos of 8-point shocks on the earth's surface; 2--Earthquake data;
3««Lines of isouelsmal curves (Romen numexals in dotted lines are

point~roadings) /77 epL o Af%:,, R v/

the dlstances between isoseismal lines. In doing this the peoculiarities
of tho goologioal mtrusture of the earth's orust in the territory under

study and the mechanics of its earthquake=causing movements have been

“?d .

Declassified in Part - Sanitized Copy Approved for Release 2012/03/22 : CIA-RDP82-00039R000100170024-7 - +



Declassified in Part - Sanitized Copy Approved for Release 2012/03/22 : CIA-RDP82-00039R000100170024-7

‘nigen into eonelderation,

The goological and ceiemic data used in this article axe, of
vourde, otill inadequate for soncluaive solution of meny problews
in the deteyrmination of coismioc regions, but they make it poesible
nonetheloes to asoertain the main peculiarities of selsmloivy in
the territory of Gamm Oblast, At the present time the Garm
oxpedition of the Goophysioal Institute of the Acndomy of Boiencen
USGR (1) hao get up o solemic station noar the village of Gaym, ond
is ocarrying out solomometrle, geodetla, grevimetric, end alope-
measuring resoarch in the oblast, The rosulto of thio work will
make 1t poesible in future to invrease the presision of many otate-

monts made herein.
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Chapter 1T
TEE GZOLOGICAL COMPOBITTON OF THE TERRITORY OF GARM OBIAST

In accordance with the plan of applicaticon of the velmuotestontc
method of deterulning seiemio reglens, it 1g esoeatial firat of all
to iaveetigate the arrangement of the narth's surfaco and the geolog=
1eal composition of the territory of Gnem Oblact in erdor to age
certain tho general oenditions of the oscurrence of earthquekes withe
in the beundaries of the oblast,

T Wmumnmm

fuewledge of the relief of the earth's surface faoilitates
the acquioition of a true conception of modern wovemente in the
oarth's orugt, In narticular, the mountainous, oharp, and deeply
carved reliof of the torritory of Garm Odlaot 1o evidence of intensive
recent upheavals, Within the boundarier of the oblaet are located
throe very hlgh mountain rangep == tlio Glecar, the Peter I, and the
Darvaz,

The Poter I range (Mg, b & 5) oceuplou the central portion of
the oblapt, It extendo in an approximately west=southwest direction
and lies botweon the rivers Burkhob ana Khingou, which meets at ite
soutiwestern tip, The length cf the range attaing 130 knomtara,
ite groatest width 30 to 35 kilometers, and height b to 5 kilemoters,
The Darvay range, vhooe eagterm Porticn bdoars the name of the
Sel'dytau Mountaing (Fig, b), (In literature on the subject the
Bel'dytau Mountains ape for some reason called at times "the eastern
ohain of the Peter T range", They are dividea from the Peter I
range proper by the valley of the river Shaklysu, are parallel to
it, and have nothing in common wity it goologioally,) stwmtaugy
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out parallel to the Poter I range, to the southeast of it and
divided from it by the gorge of the river Bhaklyeu and the valley
of the middle reaches of the river Khingou, The Gisear range is
located in the northern part of the oblaest!, along the right bank
of the river Burkhob, and has an almoet cactewest orientation,
The width of thies range'e southorn slope ie as much ae 30 kilo-
netere; it 4o cut by numerous deep loengitudinal and transverce

valleys,

§8. Teatonic Reglono

The goological composition of the territory of Garm Oblast
in not homogoneousn; in particular, tho Darvaz, Poter I, and Giosar
nmountain rengee are of different compooltion, The geological
otructures of the Poter I range are part of the outer arc oy zone
of the Pamire, and the struocturec of the Darvaz range are a come
ponent pavt of the inner gone of the Famiro (9), The Giuoer range
1o part of another teotonic district, the southern Tien Shans,

Peleoroic deposits play a fundamental part in the componition
of the Darvaz range. The Peter I range is formed exelusively of
Mesozoic and Tertiary dediments, the Gissar range of Paleoroic and
to & lemper extent Masoroic and Tertiary etrata, The plane of the
Alpine Karakul' fault serves as the geological border betwsen the
structures of the firat tvo ranges, At the surface of the earth
its line extends along the central part of the northwestern slope
of the Darvag range (Fig, 5), Along thim fault=plane, vhich falla
AvEPTU thT e ststirssedat an angle c-f from 25 to 45 degreea, the
Paleozoic layers of the Darvar have been displaced toward the nerthe
west onto the Mesozoio sedimente which enter into the composition

of the Peter I range.

s 25 =
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The plane of the Vakheh overthrustefault cervee ae the geolo”
gleal boundary botween the structures of the Poter I and Giecoar
ranges, Ite line pacees along the left bank of the river Burkheb,
along the bage of the northern slope of the Peter I range (Fig.
%), Within the llmite of thic elope the plane ef the Vakheh
overtlruet dipe obliquely to the goutheast, but in places it
undergoes various bendinge and oven lice horizontal in some areas,
Not far from the axial portion of the oubject range it aroumes &

more pronounced desoont into the

(Fig. 5. Echematic map of basic Alpine geological
structures of the territory of Germ Obleot:,

Compiled by I, Ye, Gubin in 1948
1=elines of tho Bakheh end Kerekul' overthrusto)
peslines of faulto and overthrusts ocourring during
formation of the folded structureoc of the Peter I range}
3eslines of steep snd vertical faulte connected with
the uneven upheaval of the Gispar range; == Axiel
portiono of the enticlinal foldoj Se=Axial portions
of synolinal foldej }--hG--Nmbor!: of vasic structures)

+ . ! [Py
[ sy et e A e
L

dopths of the earth's crust (Fig, €), Along thic plane of the Vakhsh
overthrust the Upper Jurassic and Cretaceous layers of the northern
plope of the Peter I range have been shifted northwest and form the
Vakheh covering.

R .......”u'ro-.¢

The section of the earth's orust burled under the above shifted
layers of the Vakhsh covering attains a width of 13 to 20 kilometers

-26-
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(profiles Ty==VII), PFaleoeole, Mesogoic, and in some places Tertiary
depoeite play & part in its oemponition, The geological gtructuree
of thie burded sestion are clesely related to the gtruoturen of the
Gisgar range. In placee they are divided from the latter, along

the valley of the river Surkhob, by a serieo of oteep unconnerted
foldn, vhich noquired thelr greatest developuent during the lateot
(quaternary) vertical upheaval of the Oipoer rangd. T have diu-
tingninhed the cootion af the earth's ormiot turied undor the Vakhuh
covering oo the forvard (or onter) some of the southern Tien Shans.

The geological componition of the obove=noted mountain ranged
in reprecentod schematically on the attaclied geologicel profilec
(P4g, G), in portioulsr on

(rig, 6. Eleven schematic geologleal profiles of the

Petor I range, The profiles are nuzbered from west to east,
Compiled by I. Ye, Gubin in 1948

1==Various Palaogoic rock ptrate; 2-=Mesozoic and

Tertiory sediumentu of the Gissar range and the forvard

gone of the southern Tien Shansj 3I==lever Mesotolo

pediments (the Sorbulak seriee of the Petor 1 range);

L and S==Mesoroic and Tertiery doposito of the Peter I

vange; 6==Line of faulte and overthruetej 7e-=Eplcenterc

of earthquakes; 8e-Selemic focl of earthquakee.)
i%" SULT A R /i/)‘/;‘f PRy .:27-./

profiles I gnd Vo . (For, dﬂterm.inatﬂ.on of the mechanics of prasent-

day movementa in the earth's orunt the author han wade up 11 detalled

-2'7-
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geclogical profiles of the territery of Carm Oblast, at depthes up
to 10 kilemeters each, Only diagrame of these profiles have boen
used to 4llustrate thie artlelo,) In the middle part of there
profiles ie tha Peter I rvange, demponed of Menerrlc and Tovrtiary
redimontary layers vhich have aollected into complex, somprensed
folde, On the narthern elope of the Davvaz range may he seen the
line of tho Karalul' fanlt, along whose plane the Paleornis wank
ntrata have hoen shifted to the Memosolc layers of the Pater T
range. Under the thick Upper Juraseic and Oretaceocus layers of
the northern elope of tho Peter I range may be oeen on the proe
filen the undulating plane of the buried forvard gone of the
southern Tien Shans, composed of thin Oretaceous layers typioal
of this zene, The broad=baned, cloping folde which have developed
vithin the limite of tho Gissar range have been drawn in (pro=
files I=~III), These folds are divided by faulte and broken by

uneven vertical upheavals,

Ths geological componition of the throe above-mentioned

mountain ranges is conpidered separately delow,

9. Ihe Gigoar Rongs

The geologloal compooition of the Gissar range within the
boundaries of Carm Oblast ic made up principally, ae has been alveady
noted, of Paleoczolc deposite, represented by Paleozolc limestonee,
no more precisely defined, by Upper Silurian ehales with seams of
limentone, and by granites, The thiclmess of Paleoczoic limestones
in the Komsomolabad reyon reaches 1.5 to 2 kilometers, and that of

T ee iy
. .
Ixx . J
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Upper Bilurien shales 3 to b kilometers, The granites penstrate the
Upper Bilurian sbales and come out to the swface of the earth in

& large number of places, eccupying a substantial area, partisularly
in the Germ reglon(I'ig, h), Mesezolc and Yertiary eedimenty are
encountered only in nmall, disscoiated areas Letween which thoy have
Probably been caryivd by vater, Within the limits of the Glosar
Lange proper ave encountored mainly Juwassic dopoelte, reprecented
Ly durk and VLlack chalen and gray wandotonen, fiom tens of meters

to 1200 metexrs ia thickmeocs. Juet ao often Lower Cretaceous sedie
ments are encountered, reprecented by light=red and gray eandotones
and ocnglomerates from 200 to 300 meters in thicknesa, Theve layere
ocour along the eroded surface of displaced Faleogoic layers,

At tho bave of the couthern vlope of the Glscay range, in the
Oarm reglon end farther veut, o complete section of Mevogoic and
Tertinry depoolte has doveloped, On the Paleozoiq granltes thesre
osour stratigraphically frum bottem to top: 1) Lover Orete.ceugg_‘
sodimonte reprevented by light=red and gray friable sandstones upr
to 270 meterus in thicknene; in the upper third of these sandotonen
are seauws of limestones with marine fauns of the Upper Albian lges
2) Upper Cretaceous nediments represented by limentones, whales,
and gypoums from 290 to 350 meters in thickness t+ 3) Paleocene layers
from the Alay to Tuvkestan strate inolusive, represented by marine
depopito == limestonso and shalen up to 330 meters in thiclmess;
k) A vrick-red serten (Pe3#Y), represented by grey and 1ightered
sandstones up to 750 meters in thickmess; 5) Neoocene sodimentn,
represented by a Gissar=foothill layer of light=yellow and light~
gray sandetones and conglomerates up to 2000 meters in thickness;

~e 20w
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) The Sameclyk layer (of Vevcenee=Quaternary /ge) reprecented by
pandetones and cenglomerates with a fhingle ef Taleccane and prebabe
1y Neoceno strata up to 60 or 80 meters in thiclmesn; it ncowrs on

the eroded curface of Paleezole etrate,

The geologloal etructwroe of the Gissar range are of extremoly
ocuplex composition, They were crgtted succecoively by the Varian
and later the Alpine revoluticns, As & result of the Varian revoe
lution the Palocsoic sediments of the Giosar range vere collected
in complex, compreesed, often broken folde, oxtending principally
in an cast=goutheant or easterly direction; in places tho Upper
Bilurtan glialee were puckored, In a large number of arear, wainly
along the axial party of the antioclines, theno Paleozoic vtratae
were yenotratnd by geanitoide and In individual arean transformed
into mignetiton, The granitolds funed with the oomprovced Varian
Tolds, converting them into unylelding, rigld srrustuses,

As a result of the Alpine revolution, whose effects were great=
oot at the end of Xoosene time, the condensed, uneven folds of the
Glesar range together with the Juraneic » Cretaceouc, and in places
Tertiary cedimento on top of them were gathered into droad=dased,
sloping folde extending in an easterly or east~southwest direction.
Many of them were broken by steep and vertical longitudinal, ob-

lique, or even trenoveree faults (Fig, 5).

Along the planeu of these faults, under the added tectonic
atresses which have novw ocourred in the Quaternary, i.e., Modern,
Age, individual portions of the sloping Alpine folds have undergone
substential, uneven rising movements with respect to each other,

As & result of this in many places the original sloping Alpine

~30m
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folded structures vere transformed into distinctive irregular
horste and grobene, bordered by faulte vhose lines in horirontal
projoction form irregular trianguler, quadrilateral, and other
figures. These bread broken Alpine felds are shown on the teatonic
ohart (Fig, 5) and on the attached geologicsl profiles (Fig. 6).
The prinocipal folds, from north to southeast, arei the Kazok anti-
olino (Fig, 5, 12*), (A figure with an astorick oorresponds te the
number of a geological struoture in Fig, % ) the Kamarou oyncline
(11%), the Garm anticline (9*), the Oyeimat synoline (5%), the
Sameolyk anticline (3%), and finally the Vakhoh syncline (1),
Oretacoous and in placen Tertiary atrate enter into the composition
of the axial portiono of the synclinal folds mentioned, These de-
pooite have everyvhere beon erocded from the axial portione of the
antiolinee.

The Vakhsh oyncline (1*), the Sameolyk anticline, and the
Gyrimat aynoline (3*#,5%), located in the region of the lover reaches
of the rivern Surkhob and Khingou, extending east=southeast, plunge
under the northern slope of the Peter I range, under the Lover Ore-
taceous layer of the Vakheh covering, and ultimately reach far
enough to form a part of the composition of the forward zone of the
southern Tien Shans, The Garm anticline 1o located north of the
settlements of Shul'mak and Garm, Extending eastvard, it is clearly
visible along the right btank of the river Burkliob almost as far as
the region of the settlement of Khait, where all Mesozolc nediments
have been washed from it, To the northeast, the Dehirgatal! antie
clinal fold (19%) ie loocated parallel to the Garm anticline, Ite
axis passes somevhat to the north of the settlement of Khait, in

an castewent direction tovard the region of the settlemsnt of

1o
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Dshirgatal’ and then toward tha village of Davachel (1%), Tn the
rogion of the latter thin antialine mlen plunger to the eamt and
southvest undar the Juraseis and Cretaseoun layers of the Valkthah

aovering (ree profiles X and XI),

The earlier=ment.inned rising Quatemary tectonio movamentsn
vithin the limite of the Glasar range whioh have dipplaced the
nloping foldn enumerated adbove, have heen taking place with great
unevennasn, In many places mome partn of the folde have baen rhifted
vertioally an much ar 2000 to 3000 matorn with veapeot to ntharn,
Mount. Mandolyul', looated te the veat of the nettlement of Garm
(Fig. 5), nevven ar a typioal exsmple of the irregularlity of euch
upheavals, It in in the form of A horat bounded by nteep faulte
vhona liner form a trisangle in horigontal projeation. This horet
han beon vaimed move than 1400 meters with renpsct to plmcen around
it, Other clearly vinible, umevenly raised blocks, meparated by
atesp faultn, oan bo abmevved in the baeine of the rivers Sholi
and Bameolyk, in the axia) portion of the Smmeolyk antioline
(4,6%,2%), and tn other placen,

(F4g. 7. The nteep acuthern slope of the Ginoar vange

in the rewlon of the middle reschen of the river Surkhobd,
Tt 4n formed of Paleorolc rook strata, At the foot of
the alope can be aeen the typioal conen of the apur ridgen
with the villages, surrounded by gardens, which are
nituated on them,

Dravn by A, N. Popov from the lott hln!c of the river Surkhob)
LIPS ;/»,: il TE /}:'/;,./, . r?ﬁ/l 'l\' :.7?;’/
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Dehirgatal' and thon toward the village of Darachol (21%), In the
region of the latter this antioline alec plunges to the east and
southwest undor the Jwaesis and Cretacecus layers of the Valkheh
covering (sec profiles X and XT),

The sarlior-mentioned rising Quaternary tectonio movemente
vithin the limite of the Gisear range which have displaced the
oloping folds enumerated above, have been teking place with great
unevenneos, In many places some parto of the folde have been ehifted
vertically ao much as 2000 to 3000 meters with respect to others,
Mount Mandolyul', located to the veot of the settlement of Garm
(Fig. 5), nerves ac & typical cxample of the irregularlity of such
uphoavals, It ic in the form of a horat bounded by steep faulte
vhooe lines form a triangle in horizontal projection, This horet
bao beon rateed more than 1400 meters with respect to places around
it, Other clearly visidble, unevenly raised blooks, separated by
ateep faults, can be observed in the basine of the wivers Sholl
and Samsolyk, in the axial portion of the Samoolylk anticline
(b*,6%,2%), and 1n other places,

(Fig, 7. The steep southern elope of the Gisoar range

in the reglon of the middle reaches of the river Burkheb,
It 40 formed of Paleozoic rock strata, At the foot of
the slope can be neen the typloal cones of the apur ridges
vith the villages, surrounded by gardens, which are
oltuated on them,

—ws=*" Drdim by A, N, Popov from the left bank of the river Surknob)

/P‘:}"fﬂ- T R ) ""://’f e 77._./
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The geologloal structures oreated by the uneven upheavale
whioh have been disoussed are olearly rovealed in the towering
precent=day relief of the Glscar range, In partioular, tracec
of a general large upheaval of the Glosar range by comparison
vith the forwvard gone of the nouthern Tien Bhane are revealed
along the valley of the river Burkhod in the form of an ire
rogular, oomposite step which I shall henceforth call the Burkhod
ptruotural step, Thic otep io formed by the high, steep (up to
1000 metere) right slope of the valley of the river Burkhob, com-
pooed mainly of Paleozoio ntrata, and the flat bod of the Burkhod
valloy, componed of dinplaced Orotaceocun and in placen Tertiary
oedimenta of tho forward zone of tho nouthern Tien Shane., Along
the bond of this otep, at tho foot of the southern nlope of the
Gipear range, principally along the right bank of the river SBurkhod,
conoiderable development has been achioved by oteep, vertical
disconnected faults (2+,8+,27%, and othern), whooe lines I have
taken ao the northern boundary of the forward zone of the south=
orn Tion Shans. In placen arc=shaped bends in tho ocarth's orust

have occwrred here,

The differential; rising tectonic movemente of the Gisear
range which have been discussed have been taking place quite re-
cently, They have disturbed the strata of the Bamsolyk layer of
Neocene=Quaternary age, The geological structures created by theme
movemente are revealed in relief and have been little disturbed dy
erosion, Plante (greasses) peculiar to low expanses of steppe have
been preserved on many individual highly elevated areas of the

=33
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territory of the Gisear range. In these cenditicne, new te them,
thoy have not yet periched, but tholr funsticnal activity has
been disturbed (P, N, Ovohinmnikov), At the prosent time carthe
quako opicenters coinoide with the linee of certain otesp and
vertical faults along which these movements have taken place,

The presence of these oipcenters provides & bacic for the
suppooition that tho movemente are csourring oven now, causing
subterranecan shocke, Thece preconteday mevemente have been oome
pidered in mers detail belov ( 17), folloving investigation of
golemooctatiotical date, (For kmowledge of presenteday movemento
in the marta's orust, a gecmorphological description and analyeis
of tho earth's purface must be made conourrently with a geclogical
analyois, Thic ie dome horein jointly with the dioounnion of
geological date in 17. The author suppoven that in later vorke
on selomotectonics the gecmorphological analyolu will more suite

ably be neparated into an individual chapter.)

§10. Ihe Foiward Zeme of the Southern Tie Shanc
The rook otrate which compose the forward zone of the

gouthern Tien Shans are hidden under the thick Jurassic and
Orotacaoua layers of the Vakhsh covering, i.e. of the morthern
slope of the Peter I range, which have advanced over them from
the southeast, and bave cropped out from under these layers on
the earth's surface only along the deep-valley traile which cut
through the northern slope of the Feter I range to the forward
zone of the sonthern Tien Shans, An outoropping,substantial in

pire, of the forward wone 1s located in & tectonic vindow in the

ridge portion of the Poter I range, to the south of the village

3
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of Daray=nuchor, on the floor of the decp Sefedorak and Shikerga
valleye (29%), Here limestones vith Upper Crotacecus fauna
(profile VIIX) protrude to the swface of the earth frem undor
the Upper Juraseic and Lover Oretasoous layers of the Feter I
range, vwhich form the oloping arch of the antioline,

In other gections of the northern slope of the Poter I range
the layors which cempose the forward sone of the southern Tien Shans
are reprosented by Lower and Upper Oretaceous and in scme placen
Tortiary deposits whosze etrata, bending obliquely, compose the
broad-baced folds ohowa on the attached profiles (Fig, 6), The
protrucionc of these layers on the earth's surface in the above~
noted outeroppings are located hypoometrically at various altitudes,
evidence of subotantial irregularitise in the buried surface of the
forwvard layer of the southern Tien Shans, Not far from the axis
of the wentern extreme of the Peter I range (Fig, 6) this surface,
ao may be Judged from outoroppings in the valley of the river
Khingou, aips rather charply to the southeant, forming a distinet
uneven step vhich oxtendo in the depthe of the earth's orust alorg
the axial porticn of the Peter I range (Profiles I==IIT), I shall
henceforth designate this the Vakhoh structural step, It is
possible that in the region of this step, prior to the
formation of the Vakhsh overthrust, there waes a Joining of the
layers of Oretacecus and Tortiary cediments of the forward gone
of the southern Tien Shane with layer s of uniform age of the
frontal portion of the Vakhsh covering, this junotion subge=
quently being disturbed by tectonic shiftinga,

- .

Tovard the east the width of the Vakhsh otructural step
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gradually deorcases and, Judging by pertinent outoroppinge in the
Bafedorak valley (eee above), it becomes almost emooth in the
contral portion of the Peter I range (rig, 6, profiles VI ond
VII). The Mesozoio and Tertiary codimente vhich enter into
the componition of the forward zono of the southern Tien Bhane
have lithologically the came make=up and the eme thicknesces
as the gedimentn of uniform age vwhioh have developed at the
vage of the southern clope of the Giscar range in the Gam
reyon (§9), For nmgi, near the village of Daran-nasarak
(Fig, 5, near anticline 28) sedimentu characterized by “heir
fauna as Upper Cretaceous, reprecented by Eenoman, Turen, and
Senon layers of the comparatively small overall thicimess of
250 meters typicel for thlo zeme, pave cropped out from under
the Tower Cretaceoun deposite of the Vakhsh covering., It io
{nteresting to note that the displaced Upper Oretaceous sediments
of the Vnkhsh covering which have developed in thic looslity
attain & thicknens of 750 to 800 meters. The Neocene sediments
which have developed in the northern foothills of the Vakhsh
range and which onter {nto the composition of tho“;Vakhnh
synoline ars representod by typloal pediments of the Gisear=
foothill layer, formed of materials transported from the

Gingar range.

(Fig, 8. TView down the river Burkhod from the village
of Zavargok, located on the 1eft bank of the river 17
kilometers east of the settlement of Garm, At right
oan be meen the granitolds (4indicated Yy orosees) which
enter into the componition of Mount Mandolyll' and the

«36m
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southern slope of the Glcear range. Near the river bed
Lovwer Crotacecous cendstones (indicated by dote with the
symbol Ory) of the forward gone of the southern Tien
Shans noraally ocowys At loft can be eeen the thick
layor of Lover Oretaceous eandstonee of the Vakheh
covering, which hao advanced over earlier deposits,

The line of tho Vekhoh overtiwust ie shown by the
heavy line (Bee profile IV in Fig. 6), The Upper
Cretacecus layors of the forward tone are indicated

by the eymbol Crp.

Relief drawm by A, N, Popov., geologloal contours

o g (PP
bl e ‘ PR ,r,
s / ..-

furniched by I, Ye. Gubin) R R A
Sy SO Y

In concidering the geology of the Ginsar range it wao noted
that the latitudinally extended folded Alpine otructurec of itn
southern oclope, formed of Tertiary, Oretacecus, and Faleozolc
otrata, plunge succenuively one after the other to the omnt
and southeant in the rogion of the river Surkhob's course,
going undor the Cretaceous layers of the northern nlope of the
Peter I range, and entoring there into the composition of the
forward zone of the southexn Tien Shans, What has been set
forth makes it possible to assume that the Paleozolc strata of
this forward zone are reprecented by the came Upper Silurien
shalec and limestones, and also granitoids, as on the southern
elope of the Gimsar range, Those and other strata enter into
the composition of the nams clocely comnected latitudinally
extended Varian and Alpine strustures which were ceparated

3
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due only to the ricing Quaternary movemente of the Gleear range
by faults which developed aleng the Burkhobd structural etep,
along the right vank of the river Burkhobd,

The Mesorolo and Tertiary layers of the forward rome of the
southern Tien Bhane, gathored into nlanting {olde a¢ hac alreedy
boon mentioned, are overlapped by the Vakheh covering. The
frontal part of this covering, in the valley of the river Surkhobd
on the river'n right bank, in the castern portion of the Poter I
range not far from the woubth of the Sgy Tokusbulak (Fig. 5, near
fold 22) extends to the ralsed flank of the vertical fault along
vhick an upheavel of the Giesar range har occwired during
Quaternary time, Thir fault cute phort the frontal part of the
covering, The overlapping of the folde of the forward zone and
the outting vhort of the frontal part of the covering permit the
assumption the Vekhuh covering was shifted after the formation of
the olanting folds in the forward gone, but before the intenvive
Quaternary upheaval of the Gissar range.

It is quite poonible that at the time of the formation of
the Vakhnh covering the forwerd gene of the couthern Tien Shane,
ac well av the southern olope of the Giumsar range, was much
lover hypsemetrically than now, and that the Vakhsh covering
slipped down along these to the lowland, During subsequent
rising movements of the Gissar range & reverse inclination of
the forward gome and the Vakheh covering was created (Fig. 6,
profiles IV=VI),

This process took place quite unevenly, The glasar range

s
P
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wae heaved up more inteneively than the forward tone; adjoining
sections of the forward sene were carsied upward to a certain
extent during this, but the whole torritory of the mens dipped
and inclined to the noutheast,

(Xn the nomthern FAntiills sP tha Yathay roange this
upheayal of the Aoagned aone ae the ansthson Tien Shane together
WIth ths hiehes anngandng Faagn et it shaYnkhah govering

vieéedady ag way e well observed in the appropriate cutoropping,
by 300 to 500 metere the upheaval of nelghtoring sectione of the
covering'e development, Conourrontly, the ourface of the Zorward
tone was Inclined there to the voutheast at an angle of ao much

an 40 or 45 degroes,)

It way be assumed that ac o result of thia &ipping and
inelination of the torritory of the forvard gone in itn upper
portionn, ocmponed of complox=folded Cretaceous layers of the
Vakhoh covering (profilee IIT and IV), olippinge have taken
Place along tae inslined faults vithin the Vakheh covering,
and also oliding of the latter along the substratum in Places
of greatest dipping and inclinations This procasn 1s eapily
Mhad if we squesze with the hand one and of a clomed dock
of cards, and raise the other oud upward, Yending the dook,

* At the free end of the pack the cards will be mutually dise
‘plaoed. Judging by the fact that on cortain laminal atructuves
é{ the Vekhnh ocovering, located at points of similar bending
(yiqrnoe IIT and IV), ourface earthquakes often ocour at the
prei"n\h‘nt, tina, we can assume that these complex movements ape

i
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centinuing even now, cauning the evbterranean shecks mentioned,
It 1o poseidle that theee mevements are complicated hy gravita=
tional yphenomena, and alee by uneven rising mevements within the
forvard zone 1tpelf and the Peter T vange,

311, Datoy T
Me;;;osc?tc and Tertlary eediments typical of the suter zome of
the Pamire entey Intn the eompanition of the Poter T range, Them
Inolude (fwem hottem o tep)t 1) e Serbulak series (Trins=Jura),
sepresented malnly by red=colared nandotonen, ehalen, porphyrier,
and fufar nn leun than 2000 meters in thicknesn; 2) an Upper
Juraseic nalt«Loaring porden, reprenented LEAE RN L L EE T
olaye, ani vandatones up to 170 meters in thickneon; 3) lowu.
Cretaceous gedinents, raprmmntéd by darkered sandstones and
sbaloa (without veins of limestone) from 1200 to 1500 metern
thick; 4) Uppor Cretacaous depoaits, reprosented by comploxe
stratifying layers of limeatonen, ohalen and gypoume from 750
to 800 meters in thicimens; 5) Paloocene strata, represented
from the Alay to the Sumsa layer inclusive by marine and
lacuntrine limectone~depocite, ehales, sandstones, and gYypEuma
from 340 to 40O moters in overall thicimess; 6) & brickerod
oerien (ngﬁﬂ) s ropresented by darkered pandstones and mhaleo
up to 1200 moters thick; 7) the Khingou neries (Neocene),
réprogented by darkered sandntonen and oonglomerates from
1800 to 2000 moters thick; 8) the Tavil'dara '('m strata of

the Tavil'dara sories and all Aubsequently noted deponite wove

+ developed in the Tavil'dara reglon, along the left bank of the

river Khingou,) (Noooona), represented by gray and red sandstones

-l
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eentinuing even new, eausing the subterranean shacks mentioned,
It ip pooeible that these movements are complicated hy gravita=
tional yphenemana, and alse by uneven rising mevements within the

forward zone itnelf and the Peter T rvange,

511, Teten I I

Meﬁo:o:o and Tertlary codimenta typlcal of the suter zone of
the Pamire enter Into the comprpition of the Peter I range, Them
inolude (from hottem to tap)t 1) & Borbulak eerles (Triss=Jura),
repreuented malnly Wy red=colored sendotenes, shales, porphyries,
and tufar no lens than 2000 meters in thicknesn; 2) an Upper
JTuresolo nalt-bearing nevien, reprenented Ly sypriwn, rank ralt,
olayo, ani vandatones up to 170 meters in thickneen; 3) Loww:
Cretacacus vediments, reprcﬂonﬁd by darke=red sandstones and
sialos (Without veinn of limestone) from 1200 to 1500 metero
thiolk; 4) Upper Cretacaous depoaitn, rapreaented by complexe
stratifying layers of limeatones, shales and gypoume from 750
to 800 meters in thiclmeass; 5) Paleoccene strata, represented
from the Alay to the Bumse layer inclusive by marine and
lacustrine limestone=deposits, chalee, sandstones, and gypeums
frow 340 to LOO metors in overall thickmese; 6) a briscke=red
serlen (Pg3+rt) s ropreaented by darkered sandatonee and rhaleo
up to 1200 moters thick; 7) the Khingou nmeries (Neocene),
represented by darke=red sandntonen and conglomeratee from
1800 to 2000 meters thick; 8) the Tavil'dare >('1'ho atrata of
the Tavil'dara series and all subsequently noted deposite wove
devoloped in the Tavil'dara region, along the left hauk. of the, ..,
river ,‘Khingou.) (Neocene), vepresented by gray and red eandstonen

\
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tnd cenglomerates 1200 metars thick; 2) the Karanak series (Nesceme),
vepresented by light=geny sandetones and scnglomnerates up te 1909
moters thick) 10) the Polizak cerles (of Neovsne and Quaternary age),
vopresested by gray candstonsu and conglomerates) thie ccewrs on

dlsplaced sarllier cedlmentn and en Taleczele strata,

(Fig, 5. Tho northern elope and ridgo portion of the Peter

range, in the regiva of the middle reschew of the river

SBurkhob near the villege of Euglik, Near the villege of

Baduhuraga, in the lower half of the rlght olepe of the

tranoverse vallsy, Uppor Cretuceous limestones and vhales

of the iorwoerd zone of the coubhern Tien Ehans have

oroppad outs On top of them &re Lover Cretaceous cande

vtones (indicated Ly dots with the eymbol Cry) of the

Takhoh covering, which have been uhifted from the wouth,.

Tho 1line of the Vekheh overthrust Lo chown by & heavy

line, Delow and to the left of the Kaudal' peal can de

goen the puclered layers of the Upper Cretaceocus strata

(indlcated by the symbol Crp) of the Safidou eyncline,

which enters into the composition of the reer part of

the Vakhuk covering, At the foot of tLhe Vakhsh covering

the Upper Jurassic gyprume ere indioated by the symbol J,
Relivf drawm by A, N, Topov, geologloal contours

furniched by T. Yo, Qubin) [Ferrmoprint 1o Ayl e T/

I

.o
PR + -

The overall thickness of the above=listed Mesozoic and
Tertiary deposits reaches 10,600 meters, In the reglon of
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the northern slope of the Feter I range the aboverneted vhick Uppeyr
Juraesio, Cretaaeana, it marine raleccene layeve Lave been
shifted ento tha relativaly thin Cretaveous wnd Tertiary layers

of the forvard zene of the seutiein Yien Shane (cee 5 ead 10),

The goologioal strustures of the Fetor I range were creatod
by the Alpine revelution, vhich vae at ite peak at the end of
Necoene tims. The Mosczoic and Tertiary layurs compeelng the
yubject range were colleotad in complox, comprecsed Loldu
(Fig, 5°6) whish epread olightly in wentesouvhwout dlrectione
(1n horizontal projoction), '[hece folde enter into vl somponition
of two bapic structures==the Vakhuh tveotonic covering and the
Tevil'dara oyolinorium, 'The former includes tne rock strata
making up the northern elope and the axial portion of tho
Peter I range, and tke oynolinorium includes the atrata of the
gouthern slope of this same range and tae lover half of the

northweetern ulope of the Darvas range,

“n the advanced portion of the Vakhsh covering the
Cretaceons layers which form it ave collected into folds of
omall amplitude, They are sharply, clearly revealed (profilec
v, VI, VII), in places strongly rippled (profiles X, %I) and
alsturbed (profile IV), Not far from the axlal portion of the
Peter I vange the amplitudes of these folds are substentially
larger and they are made more complicated by loocal faulte and
overthrusto. One of thepe overthruste, the Yafuch, is located
in tho western portion of the subject range (L3%, L), It
extends in & southwest direction frou the region of the
village of Zyubet across the region of the*vilings of Ortot

-/l
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(prefile II) te the river Khingou. Tte plane ie inoclined to the
southeast in various places at angles of from 30 to 45 or 50 dogrees,
8imilsr dipcentinuitiee ere Mkewise found in the gentral and
castorn parte of th Peter I rangs (Fig. 5). lewor Uretaseous

and Upper Juraesilc palt=tearing layers enter inte the come

position of the lower part of the Vakhoh cevering, The strate

of the Upp er Jurasein palt=Leaving layere enter inte the com=
porition af the laver part of the Vakheh aovering. The ntrata

of the Upp er Jurasria ralt=bearing layer, rapresented mainly by
gypeums with lentiolen of rook salt, have servad aes o lubricant

facllitoting tho forvand movement of the Vakuah covering.

Within the limits of the Tavil'dara synclinorium, aleng
the left bank of the river Bhaklysu (Fig, 4), the Meoozolc
layore havo been aollected into the complex, oouftenced
Taalay oynelinal fold (25%) extending to the weut=routhvect
(profiles VII, VIIX), The Uppor Oretaceous layeve which
enter into the composition of the auclew: of this myncline
nave beon vollected into o numver of froquently wuall, dbroien,
complicated folds, provably torn in & number o places from
the underlying strata, [n uhe roglon of thu mouta of the
river Shaklysu, not foxr froum the village of Lyaycun, the
axis of the Faalay syncline, keeping {ts formar extont, dipe
gradually to the vest=goutiwent, In the courae of thic
dipping the flanke of this oyncline separate, end. 4n 1te
nucleve & fow clearly revealed pubeidiery folde dovelop (33%, 35%
and othern), spreading ont in flat projection in southwest and

weet~southveot directions,

The geologival compositicn of thiv area, procweding from
the mouth of the river Bhaklysu bo the village of Mionadu and

~43m
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then to the settlement of Tevil'dars, are extremely complox,
The subsidiary folde mentioned wnderge bends and breaks, In
them has developed & ncnsharmonic wadulation of individusl
especially plastic layere and the wrenching of these latter
from their bases, The Beynt aatioline (38%), losated aleng
the left bank of the river shingou in the region of the
villagos of Beurdklarv and Sayat, 1o also one of the awmber
of folds which have formed here, It hac been puched to the
northvest and broken along ite flank.

In the reglon of the settlewent of mavil'Aa-a and to
the nortiwent, Neocens layscs, which dororive relativaely
sloping tendn, entev into the composlbtien of the pouth=
western continuatione of thene subaidlary foldes, Ilayereu of
a brickered ssriey vhich have developed here, but on & lower
level, and aleo of Falencene and Cretaceons materials £ova
infrequent non=lurionic bends end even a rlight undulation
which does not corvespond to the sloping twiste of the higher
Neocens leyerv, This may be obrerved in various outereoppinge.
Tor exumple, ut the base of the high, pteep left clope of the
valley of the river Khingouw, 10 to 12 kilometors northwest of the
pettletent of Tavil'dara, not for from the villages of Yezgan
ond Kal'pak near the bved of the river, layern of Neocene sand=
gtone which form two clearly distinguishable small ancicliral
folds protrude to the earth's surfacoe. Hypoometrically higher
than the 1atter on this wlope other, more recent layers of
sandatones and conglomerates of the Khingou neries have cropp=d
out, devoribing a wingle broad and oloping anti=clinal baend (the
Yezgan snticline) which encloses within itu nucleus the two pre=

ceding folds (4O*), »

"
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Qomplication of the folding deop wndoer the surface end
developmont of partioular wndulatiens in various plostic orenee
pectione encloged hy move rigid layers is typioal of many other
reglone of the Pater Y range. Jor example, in the axial portione
of certain synelines Pormad of Cretasnous end Tertiary gtrata the
marine Palacoene layers have beon puckorad, Ona nuch struoturass
the Yafueh cymelinal =14 (ha#) == in wcil oxpread in A Lranaverue
pection la bvhe reglen of tae rillage of Yafuch nn +he left clope
of ths gowge af the lawer vanchor of the wivey Fhiagou, beiween
Iake Kabudithauz ead the village of Pun'yekba, Hers aloug e
yortical ulily movo than & kilometer high umarine Paleccene layoeru
protrude to the sestl'e swriece, Uhece layert are colleoted into
omall irroguler, comprecved folde up to 190 or 200 meters in
amplitude, torn from the wnderlying Upper Cretacecus layayr and
non=harmonically »ippled with renpect to ths layarn 20 the aver~

lapping brick-red neries,

(g, 10, The northern plope and ridge part of the
Petor T renge in the Kalaylyabiob reglon. View fvom
the directisn of the nettlement of Khait, In the fore=
ground, near the village of Polizak, oan be seen the
fower Cretaceous sandetones (indicated by dots) of the
frontal portion of the Yakheh covering, Sagunakl peak
ic formed of vertically arranged, thick layers of Upper
Creteceous limestonex which enter into the companition
of the rear part of the Vekbth oovoring.

-

welier druwa by &, No Topov, gecloglcal contourn

e

furniched dy 1. Ye. Gubin) [ff/r: r0 g et 4// e
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vhioh form & eloping synolinal dend,

(Puring etudy of these complex folde in outoroppings, clear
gtratigraphic angular discrepancies were nowhere found between tl®
varioue layers entering into their compepition, Thie pointe to
the fact that these were all oreated hanically durving one phase
of Alpine folding, IHowever, @ we chall ree Welow (13 and 14),
the proceon of oreatian of the havie geologieal atencivees of the
tereitory of the Garm Oblept' took plase during neveral alearly
dlotinguiehed stapar,) Buch nen=harmonic bendingr ere dereribed
in wany placer by Wpper Cretacoeus laysre, 'lhoy may be obeerved,

fax example, tu the uuclene of the Faanlay syneliue (29%).

Along the gorge of the river Tokusbulak en the nerthern
olope of the eantern part of the Peter I range, strata of &
Lever Oretaceous leyer have been sollected into ocharacteristic
mall folds (Fig. 6, profile XI), In the gorge of the river
Runou, betwoen the villagen of Ortot and Zyubet (#4g. 5, region
of figure Lli) on the northern nlepe of the western part of the
Peter I range, twinted Uppor Jurasuic gypsums have oropped out,
Near thene villagee the rippled Upper Juraasic gypsums desoribe

a series of diapir rods,

In all the ahoveementioned non=harmenic structures a
vyoeial role 4n played by the layers of gypeum which are
encountered at various levels of the Mesorolic and Paleocene
sediments along which various tectonic displacemente have
taken place, OF all the strata which enter into the come
position of the Peter I range the most wavy are the Upper
Jureselc, followed by the Oretaceous and marine Faleccene

ses .08
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layere, The layers of the brickered eerice and of Neoceno sediments
have undorgene ceneiderably lees bending in many places, It muet be
noted that in the nuolei of & number of compreceed anticlinee of the
axial part of the Peter I range, formed of a double, upeide=dovn

Lower Oretaceous layer, the underlying rock etratsa play no part.

This may be obeerved, for example, in outoroppinge of the Nuranch
anticline (41%) and aloe of the Lyulikharva anticline (31%), The
nuolous of the latter is well exposed along the scay, which passes

near the villages of Mark and Almalyk (profile VII) in a perpendicular
oliff up to 1500 meters high,

These phenomena are evidence of the tearing from their bases of
Cretaceous folds which have developed here, This is reflected in the
correnponding geological profiles (Fig, 6)., The tearing up of these
folds was probably closely connected with the formation of the Vakhsh
covering, made up of Mesoroic strata, I have determined that the
digplacement of the latter ig more than 12 or 15 kilometers, in analyz~
ing the geologloal composition of the territory of Garm Oblast,

During Quaternary time the Peter I range has undergone a consider=
able overall upheaval, but of lese extent than that of the neighboring
Gissar and Darvat ranges, As & result of this Mesozoic and Tertiary
podiments have been preserved within the limits of the Peter I range
on its whole area, Theese sediments were highly elevated and therefore

eroded in the majority of regions of the Glsear and Darvaz ranges,

The unevenness of the raising of the three subject ranges hae
led to ths formation of local bendings and inolinations of the geolog=
ioal.atrustures in the boundary zones between them, .and partioularly
within the limite of the southern and northern slopes of the Feter I
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renge, These vendings and inolinatione are determined by the different
heighte of osowrrence of deposite of wniform age and aleo by incline-
tione of the donuded surface, on which ocoowr gedimente of the Polizak
gories of Neocene material,

These local vendinge and inclinaticns have veen accompanied in
the Feter I reénge by various compreseions of euwrfece rogions of the
earth's orust, b¥ faulte in the continuity of the rook strata and by

* oharascteristic movements, which have led to complisation of the folded
gtructures which have developed here in the voundard zones, The prob=
able mechanice of these movements in the forward part of the Vakheh
covering hao already veen discuseed in the preceding paragraph, These
movements within the 1imits of the Tavil'dara oynclinoriwm are oon~

J pidered belov.

§1a.

the Sel'dytau Mountains are formed in the upper half by thick Middle

The northweotern elope of the Durvar range and the same slope of

and Upper _Paleo:oi.o strata, and in the lover half by Mesoroloc and
Tertiary layers, The latter have the same 1ithological componition
and approximately the same thickmesses as gediments of uniform age
of the majority of regione of the Peter I range proper) but they are
slightly thicker than corresponding layers entering into the compo®
gition of the forward part of the Vakhsh covering.

At the end of Neocene time, but before the deposit of pediments
of the Polisgak layer of Neocene=Quaternery 8ge, the above-mentioned
Paleoroic, Mesoroie, and Tertisry deposits were dieplaced Jjointly into
a broad, comples synclinal . fold (pz_;gfnee IVe=XI), vhich I mentioned

earlier (1n§11) under the name of Tavil'dara synolinorium.

-48=
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The eoutheaetern flank of this eynelinerium ie erranged vertically
and droken by the Kerakul! fault, whose plane incliner to the southe
oast at an ongle of from ?5 to 49 degrees, At the end of Necceno time
the Middle and Upper Paleoroic layers of the Darvae range and the
Sel'dytau Mountaine vere ehifted to the northweet aleng the plare of
thin fault,

After thio nhifting the roglon of devolopment of the line of the
Karakul' fault wae expooed to orosiocn and became & penoplain, In the
basin of the river 2ida-dara (Fig, 4, 9) sodiments of the Poligak
otratum of Neosene-Quaternary age ocour on thic surface, which hae been
omoothed by orocion, and these nedimento ovorlap hers the line of the
Karakul' overthruct, Following the depoeit of sediments of the
Polizak perieec the regiony of dovelopment of the line of the Karakul'
overthruet undervent, in Quaternary Time, a conaiderable but uneven

vertical

(Fig. 11, The northern slope of the Peter I range near
the villages of Kadshuraga and Ruglik. Visidble is the
olopingly twisted surface of the Vakhoh overthrust (in=
dicated by a heavy bdroken line), along which lLower Cretaceous
sandstones of the Vakheh covering (indicated by dots) were
shifted from the south onto Upper Cretaceous limestones and
shales of the forward gone of the southern Tien Shans,

Relief drawn by A, N, Popov, geological contourn

furnished by I, Ye, Oubin) [/ SUTY TR /;/://' e g
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elevation, During this procems some sections became more elevated

G
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than nthern} Ywtveen then ooewried dnolinatiens and, probably,
sloping Bends 1r the eerth's erust, For example, the regien of the
8al'dytau Mountaina ie elavated more than 2000 meters with respect
to the vegien of the basin of the river 2ida~dara, ond between them
& bend, probably fbping, hae developed in the earth'e crust, em=
hracing the region of the villagee of Argankul' and Mionadw,

A censiderable relative elevaticn has aleo been experienced by
a neation of the middle veaches of tho river Khingou in the reglons of
the villagon of Sayst (Fig. 5, plnce whore fold 39 hao daveloped),
Saugi=Kharvi, and the settloment of Tavil'dara, 1he elovation of thle
maction oreatod the conditionn of the 8-to l0-legree inclination to=
vard the southeast in tho bauin of the river 7ida=-daya, of the plane
of donudation which underlles tle Tolizak conglomeraten.

In the regione of the villages of Iyayrun, Mionadu, and Sayat,
and in other places located near them, these various above-mentioned
inolinations and bendings in the earthis orust, ombracing the places
of development of the zsalay syncline and ito subeidiary folds, have
apparently been accompanied by deformations of the latter, partiou-
larly by fawlts in the continuity of the rook otrate which make up
thece £0lds, along their base. Judging by the fact that in the reglons
of the above-mentioned villages purface earthquakes often ocour at
the precent time, weo may mspume that these movements continue right

up to the prosent,:causing subterrancan shooke,

Traces of the forward movement of the Vakhsh covering are not
perceptidle currently, and it probably hao already ceased or has ex-
tremely small proportions, Therefore we do not conneot with it pre-

gently ocourring chifts along the various faults, inside the Tavil'dara

g -
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gynolinorium ee vell ae in the Parward part ef the Vakhsh aovering,

§ 1,

Beginning with Juraseic time, & zone of almocst exclusive dee
preseion, extending in a southwest direction, became separated in
the central portien of the territory of Gemym Oblast, in regione now
ocoupied by the couthern olope of the Peter I range, Thio depres=
nion wae & omponent part of the forward Pamir comeavity (9), In
1% agowulated the thick (up to 10,600 wetevrn) Mesozoio and Tertlary
strata of the Poter I range and the northwestern clope of the Darver
vange, 1.0, of the outer rone of the Pamive, To the southeast of
this conouvity were located the innex Pomir zome, and to the northwent
the southern Tien Shane, including their forward zone. 1he routheantern
axtromo of the forward zone of the southorn Tion Bhank, dipping to the
poutheant, entored into the compooition of the northventern slope of

the abovesnoted forward conocavity.

Many ccarsely frogmented Mesoroic and Tertiary gediments of the
forvard. Pamir concavity coneist of productn of the destruction and
vearing down of the Paleozoic rock strata of the inner zone of the
Pemire., Thiv is evidence of the fact that certain regions of thip
zone, inoluding regions of the Darvas range proper, have undergone
repeated uphcavals and destruction during the whole time of formation
of these pediments,

The lithological make=up of Mesozoic and Tertiary deposite which
have developed in meny regions of the southern slope of the Gleocar
range and in the forward zone of the southern Tien Shann is evidence
of the fact that these dimtricts also have undergone repeated upheavale

.
4. s o @ W
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aad depreastans, The Tover Oratesesus Avbmartion may be notad, when
in the Tpper Albian perind the sea ceveved a part of the gouthern
elope of the Oirnar vange, In the Neosens oyctem the axial partion
of the Qiansar range unfervent an upheaval, and regiens adjacent to
the present valley of the river Burkhob undorvent a relative deprea=
slon, Here ocourred one partisular conaavity in which were deponited
the thick Neosene sediments of the Glesar=foothill layer, coneisting
of producte of the destructicn of varicus Paleczols etrata of the
Glosar range,

M the ond of Noocene time broad~based tloping folde cocurred on
the tevritoyy of Corm Oblast &z 2 venult af very ofrong tectonic utresses,
In tho reglons of the medern Clupar rangs and forvard gone of the southe
ern Tion Shano those foldn popsezced relotively omall proportionn azd
extended principally in an eaot-wert divection, In the outer zone of
the Pamire (in the forward concavity) and in reglono of the Darvas
range thece folde were probably broader, had greater amplitude, and
vere oriented in a southweetern direction, In partisular there wore
conceived at this tima tho firet contours of the Taevil'dara aynolinors
fun of the Peter I range, which appeared av a broad synelinal £old with
a steoply arranged and broken southemstern flank, Subsequently the
upper portions of these structures wers exposed to erosion, Cortain
of them in the Darvaz were overlapped by sediments of the Polirak
ceries, and in the Glesar renge by sediments of the Samsolyk serien
of Neocene=Quaternary age,

At the time of subsequent tectenle movements in the surface zone
of the earth's orust a shifting to the northwest of rock ntrate of
the forward Pamir concavity, and the Darvag took place. During this

*
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the Vakheh eovewine was formod apd the ormplex folde of the Vakheh
covering and the Tavil'dave synolineriim wern concelved, It in
peeridle that at the eame time the Alpine folds im the vegiong of

the (Merar and Darvas vanges became olightly more complewx, .

In the following Quaternary Pericd predominant importance was
acquired by rieing movements which attained thelr greatest pro=
portiome 1n the roglent of the Ginsar and Duwvas wenges. n the
Meony vsnge thene mavementn were accompunied by rhiftinve aleng .

varioue nteap faulte,

(Fig, 12, In tho foreground ip part of the northern
slope of the Peter I range near the village of Askamlen,
not far from Garm, In the distance are the river Burkhod
and the southorn slope of ths Olngar range, compoced of
granitoidn (indlcated by oronsen), Here on the »ight
bank of tho siver Surkhod lower Cietaceous nandstonec
of the forward zone of the couthern Tien Shana, have
cropped out, At the bottom of the drawing, near the vil-
loge of Ackalon, Upper Cretacecus limestones of thio came
zone have ocropped out. WNear the village of Eary-Shokhon
they ane overlapped by shifted Lower Cretaceous sandstonec
of the Vakhsh covering, The overthrust io shown by a heavy
broken line (see profile IV)

Relief drawn by A. N, Popov, geolo@ical contoure

furniehed by T.Yo, Oubln) e rrwop i s Aype 777/
*:ann-""‘.w“ " 4 e N 4y

Declassified in Part - Sanitized Copy Approved for Release 2012/03/22 : CIA-RDP82-00039R000100170024-7



-

)

Declassified in Part - Sanitized Copy Approved for Release 2012/03/22 : CIA-RDP82-00039R000100170024-7

The forward sone, overlapped by the thick, heavy Vakhsh covering,

has not undergene such a large wneven uphoaval, In consequence of
this it has been ceparated from the regions of the Giscar range by
faults whioh have developed along the valley of the river Burkhob,

The above-mentioned vertical movements in the earth's cruet
bave continued right up to present in Garm Oblast, accompanied by

ccmplicationn of various geologioal otructures, as indicated above.

The roots of the Vakhah covering are hidden deeply in the
earth'e orust, and consequently it in not imagined pocsible to ase
cortaln with a sufficient degreec of probability the meohaniocn of
itns oonception, It may be assumed hypothotically that the Vakhsh
overthrust ocourred in the depths of the carth's crust, in reglons
vhich nov coincide with the axial portion of the forvard Pamir con-
cavity, ap a fault in the Faleogoic strata (Fig. 6), poseidly as
late as Verian time, The upper portion of its plane probadly fell
quite slopingly to the southeaat, In Alpine tims the highereoscourring
Mesozoic layera were not broken by this tectonic fracture,

At the beginning of the procese of formaticn of the Alpine
Vekhoh covering only the rear portion of the suspended flank of the
overthrust, consisting of the Paleozois, Mesozoic, and Tertiary
ptrata of the Tavil'dara synolinorium, moved cbliquely toward the
northwest, The Upper Jurassic, Oretacecus, and Tertiary laysrs of the
forvard part of the Vakhsh covering at that time ocourred on the
goutheastern slope of the forward zone of the southern Tden Shans,

i, o, south of the Vakhsh etructural step (§10), occupying & section

=

no less than 12 to 15 kilometers 4in thickness, Under the influence
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of the abovermentioned movement of masses and the gorresponding
proseure, mainly on the part of the Oretaceous and Tertiary ctrata
of the rear pertien of the sucpended flenk of tho Vekhoh overthruat,
theue layers were compresced and gathored into folds, Bubsequently
they wore dglocated from their vace and in the region of the Vakheh

ptep were moved onto the forvard zone of the southern Tien Bhans,

The movement of the rear portion of the susponded flank of tho
overthrust ocourred upvard, obliquely to the northweet along the
plane of the gubstratunm from which had been d4plocated the Cretacecus
and Tertiary ctrata of the forvard part of the covering, It is poo=
sible that, se the thick Paleoroic, Mesorclc, and Tertiary cediments
of the rear portien of the suspended flank vere chifted onto it, this
substratum, componing the recumbent flank of the overthrust, yielded
and became depresned, At the time of phifting of the Bakhsh covering,
the Oretaceous and Tertiary layers of its rear portion, vhich nov
enter into the composition of the Tavil'dara gynelinoriun, undervent
a conniderable reveroe presoure on the part of the layers of wmiforn
age of the forward pert of the covering, and in conaequence aleo slid
off the substratum, bubt novw 4n the opposite direction, end were like
vige collected inte folds,

The Upper Juraseis, Cretaceous, and Paleosene ptrate vhich de-
veloped in the axisl porticn of the Peter I range vere exponed to &
partiounlar compression, since they transmitted preseure forvard to the
northvest and, experiencing the resistance of the forvard part of the

wsessdiaichinh SoxQring) tranemitted this vesistance to the structures in the

rear, In consequence of this inoreased comprension in this zone (in
the axial portion of the Peter I range), partioularly complicated com=
pressed folds of large amplitude were formed, They are represented

o
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achematically on the eorvesponding profiles (Fig, 6),

The formation of the Vakhsh covering ic closely connected with
the displacement to the north of the whole northern portion of the
Femir tootonic dlotriot (9). It is poseible to find the geological
promicen of thie phonomenon enly through apecial convideration of
the geology of the whole Pamir range. Noverthelecs, we shall note
here that one of the possible Teasons may be the considerable rieing
movenonte of the territory of the Pauirs proper, which on the aorthe=
orn outokirte of thin renge hae provably aseimed the form of lateral
movement, 1,0, to the noith, along inclined faults, including the
Vakheh and Karakul' overthrusts,

§1%. o Geclogion) Protilec

In usual practice @oologioal profiles ave made up for maximum
deptho on the order of one or tvo kilemetere, In such form they help
to envision the geological compouviticn of the tervitory veing otudied,
but are quite inadequate for lmowledge of the mochanics of movements
of tho earth's orust and for the ascertainment of the geological prem=
ices of earthquakes, rartioularly at large deptho, Taking thic into
ooneideration, for determining the mechantos of modern movements of
the earth's orust the author has made up for the territory of Garm
Oblast, ae already mentioned, eleven detailed geological profiles at
depths up to 8 or § kilometers, Within the linits of thin depth the

najority of strong eubterranean thocks ocour heve,

The profile-diagrams mentioned are in Fig, 6, The upper porticns
of these m»oﬂ:l.es are made by the usual method == on the bauis of out=

oroppinge of the crustal rock strata vhich have developed at the earth's

- 170024-7
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surfaces In consequence of the great heighte, deeply broken relief,
and very excellent exposure, it has beon poseible cucceeefully to
survoy along the lines of the profiles at depths up to 1300 or 2000
motere, and in some places up to 3000 weters, Here the layers whioh
meke up the given sootlcne have been meacured and studied, end the
elomonte of thoir compositicn have aloo been estimated, Below the
goroe line correspending to sea=lovel the profiles have been made

up hypotnetically, with oonsideration of the local peculiarities of
various surface tectonic otructures and the probable mechanios of
their dcep=down formation, inoluding the mechaniocs of the formation
of the Vakhoh overthruot, Oonsequently, the deep aeotions of the
eoxrth's orust have been represented on theme profiles not by means

of a more mechanivel projection into the deptho of the angle of layers
vhich have oropped out at the earth'a surfaco, bub by means of & repree
sontetion of deep=down strustures vhioh have beon oreated hore as tho
result of appavent general conformitiue to rule of the development of
the earth's cruvt in this reglon,

In all of our profiles, the central portion is ocoupied by the
Potor I range. In representing it it was taken into consideraticn
that its component Upper Juraseic, Oretaceous, and Tertiary layers have
everyvhere approximately cne and the same composition and thicknese.
The Sorbulak series (Trias=Jura) has developed only in regions adjoin=
ing the Darvaz range, Acoording to the hypotheeis of the formation of
the Vakhoh, 4its forward yart, composed of Upper Jurassic and Cretacaous
{ayers of the northern slope of the Dasecwd: range, vas torn from the
subotratum, from the buried scutheactern slope of the forward rone of
the southern Tien Shans, and in the region of the Vekhsh etructural
step (§10) dicplaced to the northwest,

=5
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Cn all goological profilee the plane of this fracture, prebably
formod of Palecgolc rock gtrata, hae deen reproconted moutheant of
the Vakheh otructwal step ia the depthe of the earth's surface.

It dipe vo the goutheect, The Paleoczoio etrata of the rear pert

of the suspended flanik of the Vakheh overthrust foult (profiles TesVII)
nave been puched ento it from the southeast, The dopth of ogcourrence
of this plane of fracturo hao been dotermined hore as 3 to b kilo=
motern from the carth'c ourface on the basis of tho thicknens and
form of occurrense of the shifted Upper Jurecoio, Oretacoous, and
Tertiary layers of the Poter I vange, oand also on the basio of the
levol of ocowrrence of the Paloozols oubstretum of the forwerd zone
of tho southern Tion Bhans, The 1attor was dstormined on the bacie
of the thicimeas of Cretacecus and Tertiary sediments of thiu zone
which have orpppod cut in the veds of the doep valleys of the rivers

Khingow, Darainazorak, Darainushor, and othove,

In represoenting the £0ldo of the Vekhoh covering and adjoining
sections of the Tavil'dars aynclinorium, formed of Upper Jurasnlc,
Cretacsous, and Tertiary layers (profiles TeeVII), 1t van talken into
considoration that during formation of these structures the 1atter
wore torn from the baoe along the Upper Juraasio gypowns, dlsplased
from their vase to the northvest and pertially to the southonrt,
and guthered into non=harmenic folds which beooms more conplicated
with depth, Here in placen two or three folds in the Palocene and oven
Oretacecus layers in the deptho of the earth's orunt covrespend to
one fold in the Neocene layers.

Within the limito of the Tevil'dara symolinorium in the Tavil'dara

region the horizon of tearing of Oretaceous layera along the Upper

.58-
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Juraseic gypsume from the ewbstratum provebly frem the Borbulak
layer, can be particularly dletinguiched, Tho dopth of thie plane
of fractuxing hae boen dotermined here as L ke 8 kilemeters from

the earth's swrfage iu various places, according to the thickmess
and form of ocourvence of the highor=lying layorn, In the western
part of the Peter T range (profiles I==IV) the cralldldo of the
Tavil'dara oynolinoriun are formod exoluedvely of Crotacecus and
Tertiary layerc) the strate of the Sorbulak layer have no part in
the nuclei of these emall folds, and have not eropped oul on the
carth'n ourface, Thio has provided & baeds for assumption that the
Sorbulak layer, entering into the composition of the rear portion

of the cuopenicd flank of the Vakhch overthrust, came here ou &
vhole with the underlying Paleozolc strata and poosibly was not
displaced frem lto bane in the procecs of forvation of the cverthruet,
During formation of the Vekhsh covering the Cretacecus layerc ocoure
»ing on top of the Sorbulak layer, under the influence of the reverne
presoure of the forward part of the Vakhoh covering, were torn from
the Borbulak layer and gathered into folds.

Tn the eastern porticn of the Peter I range the Sorbulak layer
plays a major part in the composition of & number of compresned folds
of the Tavil'dare synclinorium) these folds have been brought out to
the earth's surface, This vao probadbly caused by the fact that the
Vakhoh overthrust came into contact here with the area of development
of the Sorbulak layer; the latter entered into the composition of the
forvard part of the covering, was displeced from ito base, and gathered
into foldo, as has besn shown on profiles VIII and IX, In theee places
the Cretaceous layero as well ap the Sorbulak layor play an identlcsl
part in the composition of the Zaalay syncline,

-59u
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1o the southvesl, in the region of the village of Lysyrwn
(Pig. 4) only Lover and Uppor Oretacecus layere enter into the
ccmpondtion of tlie Zaaley syudline proper &t the eurface of the
earth, The Lower Uretaceous layow of the northwestern flank of
the syncline has %a sddition been collected into & gempranged antie
oline, This hao provided o vasie for aspumption that the Oretaceous
layors in these placeu were Lorn from the underlying substratum, 4.6,
from the Serbulak layer, The geptn of occwrrence of thie plave of
frasture has beon dotormined as I kllometers from the carth’s swfece
in the region of the village of Lysyrun on tue basis of the thickmess
and form of ocowrrence of the uigher=lying layers. The corrugnted
and disturbod Upper Cretagoout layers of the aucleus of the laaley
gyacline, dlpping toward the sowthwest, 1n the reglono of the villageo
of Lyayrun and Mionadu plungo luto cthe tosou of the earthfs cruct
under the relatively uloping bends of the Neoocsno layer,

The geological gbructures of the Darvar range, vhich ooourred
during Alpine time, are considerably more simple, and in consequence
they have been plotted on the profiles by means of tho nimple extra=
polation downward of gbructures which have cropped out on the earth's
surfece, The complex=folded Cretacoous layers of the Porward portion
of the Vakhoh oovering, entering into the conponition of the northern
plope of the Peter T range, may be well observed on the edgen of
valleys which cut into this slope., They bave been plotted on the

profiles on tho basis of pkotohes frem natuve.
The geologleal strustiwae.of the fowvard zone of the southern

T4en Shans, in the reglons of the southern extreme of the Peter I
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rang?, arg xcpramsented ~ the prefiles as continvatiens ef the falds
af the pouthein olope of the Olmsar range; theme folds Plunge to the
gouthoaet under the rlopa, in the valley of the lower weachen nf the
#ivore Suskhob and Xhingsu (Fig. %), Tey are composed there af
Paleczole, Orotacecun, and Tertiary layers, The abovesnoted foldas
crnp out again on the earth's surface in the aentral partion af the
northarn alope of the Poter I range near the flnor of the valley of
the river Darainushor and in the tectonic windew in the Safedorak
valley (Fig, 5, srea arownd 29), FHove these foldn are compnred only

of Oretaconun laynrn, favming velatively eblique varp,

In the intervening nootion (profiles ITI-VIT) the forwarl zone
1e represcented by means of extrapolation in the form of atructures
of gradual trancition from the folds which have developed in the vale
loy of the lower renches of the river Surkhod te the folds which have
oropped out in the valloy of the rivor Darainushor. This extra-
Polation has teen facilitated by individual outoroppings of tha forward
zone in the valley of the river Burkhod (profiler III, IV, VII), and
also by otudy of various layers of the Vakhsh covaring, on the hasis
of whooe thiclmenn the depth of ocourrence of the burled surfase of
the forward zone has boen determined, In the eastern portion of the
Peter I range the forward zone 1s hidden under the Vakheh covering,
from under which it cxrops out again on the earth's surface only in
the weetern extrome of the Zaalay range, where deeply deprecsed,
obliquely vumq Tertiary layers enter into itn compoeition. In the
intervening section, 1,0, the eastern extreme of the Peter I range,
the forward gzene is represented again by teans of extrapolaticn,
vhich hae boen facilitated by two outcboppinge of the forward zone ==

-61.
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near vhe village or Jarachol not far from the river Surkhob and
nomevhat west of the moutn of the vay Tokusbulal (Fig. 9, near
nuwubere 21 and 22),

The upper portions of the geologloal struotures of the Glanar
range are oxaellently oxpossd on tho earth's surface, and in many
places may be ourveyed, thanke to the infrequently broken relief,
ot dopthe up to 1 or 1,5 kilometers,
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CHAPTER TIT

SRISUOSTATISTICS

gls. General Survey of Earthquakes

among the Lurge number of gelsmic shocks of varied intenaity
which have been racorded instrumentally from 1912 to 19LE in the
torritory of Gurm Qblaet', Weak earth=tremors, unperceived by
man, have been dominant; shecke of inteneity from 3 to L or 5
pointe have ccourred Loss froquently; and otrong earthquakes
have taken place quite rarely by somparison, For the tine from
1895 to LoL7 thero occurred in all five dostruetiva aearthquukes
thore, of B to 9 polnts in intenalty, and obout twenty oarth-
quakes of lntensity up to 6 or 7 polnts, By comparison with
othor parts of thu Soviet tnion the number of astrong earthguakes

oceurring here is of course vory groab,

The carthquukes noted above have occurred irregularly. In
somo yoars mere bthan 100 earthquakes have beorn observed, and in
othors fowor have teken place; ab times thare have even been
periods of seeming calm when underground shocks have not been
perceived by human beings in the course of many months, For
oxamplo, in 1930 earthquakes were relatively few, and in 1934 and
1935 two eight- or nine-point earthquakes and many tens of tremore

of intensity from 3 to 5 or 6 points took place. In L9LO very
few carthquakes occurred, and in 1Ll there were & nine-point
aarthqueke, a few bremers of from 6 to 7 points in intanaﬂ.ty, and
more than 120 seismic shocks,of 1Menaé*y-ﬁm or 5 pointa.
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Earthquakes have not ocourred everywhere in the cblast » In
gome places thoy have taken place almout annuelly, in othere
geldom, and in stdll othere, ascording Lo data from interre=
gation of the local populatlon, etron3 earthquakes have not
cocurred for the paot 50 to 60 yeore. (Intarrogation data was
collooted by the auther ln the course of 6lx yoars=ewlth inter=-
ruptiong==or nany populatden points, with the stories of
inhabltonts of some villagea belng compared with the otories of

, inhabitante of other villages, and they have almest alwaye con=
curred, The place of cecurrenco of a ziven earthquake has boen
dotermined by the strenpgth of 1ts manifestationa. A6 @ rule,
the Local inhebitants have not remembored earthquakes cocurring
moro than SO to (O yoars ago.) For example, aarthquakes per=-
captible to human bein.s have often veceurred within the Limite
of the narrow Middle=Khingou eplcentral zone, which extends in a
southwestora direction and lncludes the valley of the Lower
reaches of the river Shaklyau and then the valley of the middle
roaches of the river Yhingou, precoading from the mouth of the
forepoiny river downstard along ite ccurse bo the rogions of the
sobbloment of Taviltdara (Fig. L). Hove ave losated the laolay
uymeline and it gubaidiary folds.

Strong oarthquakes have ocourred just as frequently on the
northern slope of the Peter I range, particularly on its western
half, in the reglon of the villuges of Orbot and Zyvbot of the
Oarm Ragion, situatad within the 1imite of the eight-point zone
of the, earthquuke of 1939 (Fig, L) on the Vakhsh tectonic cover-
ing, in placos where tho Yafuch fault is found (LL#). " Within

-au
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the limite of the Qismar range destrugtive underground shocke
have oceurred in various aections of its southern nlepe, in
placer where alaep faults in the earth's crust are found. Strong
parthmakes nave nok coourred in the valley of the kover reaches
of the river Khingou, hekew the sebblemant of Tavil'dara, and in
the atjoining eantral parte of the gouthern slepe of tha Peter T
range, ner in the head=iater raglon of the river Khingow, in the
basin of the upper reaches of the river 21lde-dera, and in certain

othar placen,

For the determination of hie connuations botween the various
sbove-indicated varthquukes and cortaln tectonic atructures,
including faultn, the affects of very strong underground shocke
whone oploenters und seismic fool huve boon adoquatoly dotected
are briefly considerud balow. A more detalled enumeratlon of
all under round shogks und & dutailed doscription of their de-
structive offects has beon furnished in the "Cubalog of Earth=
quakes of arm pblaot" (L3)s bthe sources of data used have also

boen indicated there.

Solsmosbubtlotic data for the rogions of the Upper-Lhingou
oplcontral sone wore sollacted from 1932 to 19L8, During this
time there occurred hero more than LS easily perceptible under-
ground shoeks, o of them having an intensity of from 8 to?
points, three from ¢ to 7 points, und the rest from L to 5 pointa.

The strongust of these earthquakes are noted balow.

.

The Arganiul! earthquake of 13k (13,42) occurred on
September 1 at 1:45 a.m. local tine (Honcuforth local bime is
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ueed throughouty L1t differs from Moooow tiue by three hours,)
and attalned an inteneity of 0 to ¥ polnts, Ite epicenter ex=
tended in & mouthwestern diraction, along the lower reaches of
the river Shaklyeu .nd part of the middle reaches of tae river
Khingou (Fig. L) on a section up to 18 or 18 kilometers in
langth. The iscesiemal llnes surrounding this eplcenter arc
ollipseidal in forsm, oxtending also in a southwenmturn direction.
The disteance batwaen the various isoselemal linem, perpendicular
te the path of tho eplcenter, was an follows: batween the 0=
and 7-polnt iscgaiomals was ubout 1.5 to 2.5 kilometers, Lotween

the 7- and Gepolnt inoscisnals uwbout 6 to 7 ldlometers.

Tho Argankul® earthqualie of 1935 (13, 52) ogourrad on
Getobor G ab 7:55 pim. nob far [rom the epleenter of the precod-
ing earthquake ln the velley of the middie reaches of the rlver
Zhingou (Fig. L), it ottained un intensity of 8 to 9 pointa.

Tha epicenter uf the varthquake axtended from the village of
Argankul' in a southwestern direction und nad a length of ubout
12 kilomaters. The cistances batweon various inoselomuls here
were approximately the samo ue for Lte precading earthquake. The
argankul! eurthquake of 1937 (13, §2) occurred in Septemter and
attained an intensity of 6 to 7 points. 1+8 eplconter was located

on tha site of bhe epicenter of the praceding quake.

The Sayat earthquake of 19L3 (13, $2) occurred in Novamber
and abtained maximum intensity (6.5 to 7 points) in the villages
of Syat and Sauzikharv, In the settloment of Tavil'dara ilte
ntensity reachod 6.5 pointe, The G-point isoseismal (Fig. L)
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of thie earthquake hae an ollipooidal 7orm, extending in &
gouthwestern direction, e opieenter of the earthquake wad
Located inslde thif s goseianal ia the valley of the river

rhingous

A8 mey have hieen noted, the apieenbors of the above-listed
strong earthquukes ghifted succenglvely o tho soubhwost from
the raglons of the lower reachad of the rivar sheklysu to the
village of Soyab. Tha positions of the eploontere of other
waaker wnderground ghocks which have oceurrad in tho Hiddle=
Khingou aone have not boen detemainod pruciuuly. lowever, Binco
thoso wogk Bhocks WoTo almealt always accompanied in tne vulloy
of the middlo reached of tho river dhingouw by oubtorranaan
pumbling whieh 18 noymally audible only neur bhe epicontoers, wo
moy conglder that thoy akoo were loouted In tho regione of the
WiddLle~Khingou sona, posaibly in the regions of Lho aplcuntoro

of the strong ouarthiguakes conoiderod uboves

within %he limite of Lho northoern alope of tho Pator I
range, uccording Lo the narratives of locul {nhobitantu, waalk
but percupublo under ground shoclke with loud oubburronean rumbl~
ing ocour almost uvery year in ond plage or another, Strong

oorthquakes have ocourred here three times from 1895 to Lokl

The Karatoga earthquake of 1895 (13, §L) ccourred on
Hovember L and abtained an {ntensity of 8 points. 1ts eplcenter
wao located in the garm reglon along tho upper portion of the

northern slope of the Pater I range, ardd probably oxbtended from
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tha viklagee of gazarchuthme ans Lyvbet to bhe village ef drtol
in a nest=southwest direetions (The villuges of Oazorchurhng,
Zyubat, A Orbet ere Looaucd (Fige b) within the limdte of the
elyht=point zone of the May 30, 1239 garthquake,) Along the
diregtion trom the epicenter to the river Surkhob, 1.6, 19 the
northwent, the intenoity of the quake diminighed rapidlys The
distancen between the 0w and T=-point teosotamulo did not oxceed

2.8 to 3 kilometors hc.ce

mhe karuloga eerthquake of 1939 (13, §h) veeurred on May 30
at Lt09 pemte, Local time, and roached an intensliy of 7.8 te @
pointé. LuB upicenter olmost colneidud in extent with the
epleentor wi' W pracadlng garthquales, hot & Length of up to 18
xillovetors, amd ineludod thae regiond 6f btne villages of Ouzor-
chashna, 4yubot, Ortet and Damou (Fige L)s Tho distances bo-
woen thu B= and 7T-poinb Lgosolomuld perpandicular o the path
of tin uploonter did not e.coad 2.8 to 3 kllemotors and botween

7- and G-polint iscselsmals did not oxceed L to 5 kilometors.

The Safedou earthquake of Ll (13,§ 1) cceurred in the
month of Hday and roached an Jatonsity of & to ¥ points. Lt
gploentor was probably 10catod in the regione of tho viliages
of Safedou and Ganishou in the contral portlen of tho northern
slope of theo Peter 1 rangs in tho Kulaylysbicb region (fige L)

and oxtonded in a wost~southwost diraction.

within the limits of the southern slope of the O4issar Range,

according to Lhe narratives of local {nhabibants, in tholr memory
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(that i3, within the eourse of Wi sas% TLOV Lo alavy yewre) up
to 10hl, dastrustive sarthquakes nad net oneurred, and wesk
under round shockts had tazon plite waly infrequantly. Thie
pleture chanied abruptly wn Aprik 20, 12LL, when the P=polnk
Narm oarbhiuAie ocuurred Liera. it that b may strong
ourthquakes hava uoowrred on Lhe Gouthern slope of thy range In
questlon, Ln L9LL there «ere more than 120 of thomy La 1242
nore than LOp Lo sucseuding seurs thelr nuzher deeraased.

Serbaln of them reashed an intensity of & Lo T poinba.

The flarm earthauale of 19LL (13, 55) eraurrad on April @0th
and abhalned an Lnteacity of 3 to 9 peints, lte epleentar was
lagalad in tha valleye of She 2lvers Fowiros and trgaan wnd ox-
sorsled dn o couthountor dlrestlon, reachlng Lengths of 35 to Lo

ilonebore (Fige b)e

The distunces between the highest intensity isosolsmuls of
this ourthquake, proceoding porpondicular to the path of the
opicontor zong, worc as followe: between the 8- und T-point
isosalemale, an average of from 15 to 18 kllomotors, and betwesn
tho T- and G-point isonseismals, sboub o or 80 wiiomebers. The
farm carbhquaka of 1Ll wan recorded by all sclsmic stations of
the Soviet Union, 'las Sonler Fallox of tho Gnophynical Institute
of the heademy of Sclences USSR, Yo, F. Savarenskiy, figured the
dopth of ite foena at 25 kilometers with an orror of 1O kilo-
meters, according to the inotrumental data of the Central Aslatic
stations (33). (Thare were sevoral opinions as to thu depth of

the focus of the earbhquake of April 20, 19Ll, Tho author ..
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adheras Lo seneral Lo vig views of fe e cavarensiiy, aud Lieres
gmg tha aemDLLOM ot putar lavestigaters wre nob ineluded

sere;  bhey ww be pound i e Eppropriebs atiolen (20, 21)e)

gertaln poeculiarities of thig earthquike's monifestation at
the ourth'n gurface 8ra addivlonak evidenca of the similar
relabivaly amalk depth of U6 Pogub. For exanple, With ndgh
Latonalty ab vhe epioonter; bLnu diatances belweon the highest
intensity {ncseismal, eurvan near it were comparatively onalle
1a paglons adjacent o tne gpleontoy yarious bendinge ol differ=
ont layors whigh reve Jovelopel on the oarth'e surfuce hive hud 8
gannideradle duviablng eilect o the dirvetlon of seisinle Wivad)
and Lo addivion wuvas bransvorae bo yng Layers have puen avbice=
fbhly sors & voauabac bonn weval appain, akuig Ly directlun of
such layers. The apleentor of Lha oarthquake colncided with the
1ines of vertical raulbe (FLgs ¢) whosy purfacesd pontrate W
aarthlc crust searcoly more Lhmh 1 to 20 lovetoro hore. b
L probable pat b focus of Sl uarthquako wus aloo conucetad
with these faulbs. if thio earthquake had ceeurrcd &b groator
depth, let us 88y up to €0 W 70 kilowetors or more, then the
distance betwoen 1tn iscsuismols would have been from two %o
three times groater (33, p. 186) end the surface geological
sbructures would not have hud @ gubsbantisl Lnfluence on the

districution of its seiomic wuves in the carth's crudts

1 shall elarify tho Last thought. Salomic wuves procoading

e eufrom & coGP focus pass oub to the earth's surface at obeep angles

ca e

.« - U

over a large eroa and intersect variously warped folded layers* - .

oS ¢ G Py
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waleh have de eloped in %he upper fune of the eapth'e apust (4F
a glvon raglon pesiearen tham  ab relatlvely short diatanaos,
hin being the eare, “alded layere hava alnes® nn affact an the
dlreetion of movemant of roilewle <aves, felsmle wavee Proaseds
g from e ohallow fueue interaaet sneh ohruginran ab, oblique
angloe ral b great dlatanees are ocposad bo %he deviating o=
Jante off varlews warped olanes)  hie ie reflogled Ln the bonde
g alt tha cerrospondlng Leesslewals, s alrealy notad; the
labiar phenemena have been elaarly chaerved in esnneebion wlth

thila eurtliquake,

sertain peoullariblus of the dewbruetion of bulldlings in
the plelatosclennd Ruiw also v=ablfy ko the palabive Ly emull
fapth wf 4te fosum,  Por axampla, onlr ia tha oplesntar dld the
deatrogal bulldings hoar trunss of vertieul or sbeeply Inellined
soleamle savasy  off o tha elde of tha upleanter at a dlatanse
of 8 to 10 kilomoters an worg, Moy bore alear btruocea of the
arrival of shurply orientad asismic wuvaes acomlng from the
direcbion of the epinuntor amd ab a small angle. The small
magnitude of this angle has glven the author (8) tha busis for '
the assumpblon thab the depth of the Pfocus of bLiis ourthquake
reached U, kilosetors, Tn consequonce of these considerations
exprossad above, Lneluding the calculationas of Ye, F, Savarenslcly,
it 18 posaible to assume thab thoe focus of the earthquaka of
April 20, 19Ll, occurred in thu surface sons of the earth's
crust, probably at Ll or 15 up to 25 kilometors.
ves meses . R

L]
RO o aps e, B
- AN e R By iy L, s s

n?l-

.
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The Nasaraylol eartigualte of LWL (43y  B) aseurred un 'y
Gbh aeh e Proa to vidlagy of Nezaraylek, msar she ridgs pary
9f Lo 2esar range (Mg b)), wiers 16 abbalowd intgusivy of
7 polata,  [ts T=polat louelomal demoribes un alilpre extending

L oan eant=want diraction,

The Pitaukul' earthquake of 1L (13, 5) vcourred on ey
LJth ln the Dahirgatal! regien and reuchod 7 % 7.4 polate in
tha viilage of Pliaukul!, The T=polab tooselsmal of bhie carthe
Quake hue the ahape of an allipas astanding 1n a norsh=nurthoast

diraction (lg. L),

T o Khait carthquake of 1942 oceurrud on Mareh 22 ab 2107
amt. in tho Xhalt reglon, where Lt atbalned a mavimun intensity
of 7. ‘This carthquake was distributed over a large area, the

Gama us Lhat of tho earthquake of April 20, Loll,

.;lé. Burthguake Pocl wwl Jeulogical Strushures

The vurious destruetive owbhquales considared above had

inear oplconters ustunded in various directions, (In certaln
articies on instrumanbal selonmology the epleaaters and Cool of
baotonic eurthquukes are convenbionally accepled as puinte,
However, us iy known, under nutural comdlbions, the foel of nuch
earthquakes have various lengths, in cerbain cacus up to Sons of
kilomebers. Detarmination of the tongths of oplsentors und foei
18 Lmparbunt for kaowledge of tho conditians undor ®which vurious
aarthquakes weecur.) and corrospundingly oxtended isoseismaly,

Thin sorves tn indiente that tho food of thuse ourbhquakes hud
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& dineye thare n torleenbol projaetlon gl vere avidantiy Jip=
plased aluig tho planse of faulhes “n the warth's erust, which in
wrlouf places Love verlows dirasehl ne g angles of deslianatlon,
Tpodeatlong Sf Bhene planae on Ghe earth'e aurtaee by magae of
wrtleally rleing gelenle wiven have h’—lﬁ’# ueen roveslel W bhe
form o wibmwled, verlously arleuted linear upleentars, .8
H3WC abave, the depbh ol cseurvence of tha Puous Ul BI eirbie
quAtee W aprdd 20, 1LL wag deteralid e from U er 18 te 28
bllom tore. et ug ablompb Lo aseertaln b, Lhe comparative
mbthed ho depbho of cceurrense of the foei of various Garbi-

qualan,

To le well o shab ciebiquaomn etk Lo wesse of
diffuaion sl lurgs disbaioes bobwoon Lasgelemals have dauper
foot Y carbhquaker ol oo rams intanal b oab the epleaator
bud srelder areas of difuslon ! smallor dlsbunses be twaen

lavrelenals,

The aren ol Lis Ow-point shuelt of Lhe aarthquike of April 20,
17LL roucliod £2% bo (U7 momave-liilosalers y wd who disbance be-
Waon the 0= amd f-polab isosuismals, aeaduring per;end lenlarly
bo Wis palh of dha upleeater, reatied an averase of 5 be 10
kilometors. The desbriebive Arganial! sarthquakes of 193l wd
1935, sl aleo the dentrustive Karateys varbhquake of 1937 on
the northern slope of the Poter T range, had approximate bLhe
:a'uiae .immm-lti. of s.:-:ifmic shock in the epicentrul nonee os the
sarbhquake of April 2();‘1:9.1.;.1',"1511& tho"areas of eight-point in-

tensiby anid the distuncey Lobween G- und 7~polnt Lsosolsmals of
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thepe papthquarer wero sonptlerably prallor,  Trecifieally, the
rrea f the eishtepoint ralsnie shoel aP the earthauetie of 2034
yenshad 100 fa 110 seapa=tilonehers, shet, of the aprtranale of
mee pueut B0 o 70 nqzmz'ﬁ--!:'l.?,mcbm*n, ay, Gy of the earthquale
of 1039 wp e 100 squave=lddonehort. The dinbtanses botwien Ow
A Tepeint lpanelmiale, merauring rerpendionlany W the path
- wle eploanter, peashed L0 ke 2.5 lellamtars "or the 103 ad
1235 aarthguntos wd o miah an 2,5 ho 2 lilemeters fer the 1039

aurhiauai.

T# owy mow bake inte sstountk thut these distatees Labwaen e
and Pepoiiib \eepaianalo were in senoral 6 4o 7 tLansmallar for
shn earthquares s 173k, 122% 1739 than Por the cartt quale
pf aprtl 20, Lol we may asTum that bho denthe of bl oot of
e #1eet, papbhquate wera also oube suablally smaller, Tee danth
o the focus uf thm 17L1 eavthaquake hae wasn doterminad as Trom
1 or 18 o 78 llomoters; conseuonbly, sha focl of the 193k,
1735, and 1939 garthquakss wore 1aaate? much closer to tha
parth's surfase, b tho locutions of the epiconters «f shuse
ourthquakes faults of varivus types (Fig. 13, 1b) arc located ub
deptho wp to i kilometers in tha earth's crust, ln tho complex-
bent Mesomole layers, Along thu surfaces of thase faulbs dis-
placoments of the rock straba, causad by uneven uphaeavals, may
oceur ab tho present tine, and ab the same bime surface carth=

quakes may occur.

Tn deepor zonas of the sarth's erust, within the Llmibs of

those sontions, faults of a soologically aimilar charactor do not

-7]‘.-
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cocure  Vaking dabe senelaerativi everything bl hes bean aedd
uvove, we may nefusy kb bhe carthquaies of Loaly 1938, wns 1939
ceolriod L the surlece cuks ¢f L@ eaybhlu orusy, al gepthe of

5 Lo b vilumeteres

sertain other peculiaritien dn the appedarance ol' the subjeet
surface earthquaken are alec indireet evidence of the foet thab
thelp foel wore Looaled alimg verioun Coulte which have doveloped
Lthere ab depthe wp o 3 or L kilenebers op within surface folds
gumpuned of Irelucceun drats, ur Gl potukn of conbuch bebwaen
these fold aud the undeskylng subutratun. Spesifically, the
upluonsers .nd Lecteiamals ol the Middle-ihingou=cniiv ouwrbhquaken
G 20ak, Lpab, @ 1937 ustended Inos aenthverdor direction,
cultupaiding MWoho Runge bl ol geeligheul 8wrusiures whiich
Lo dovelopud thoru=-the Gaalay symeline ard 1t aubatdlory
Julde (Flgs by 8)) compusud oF Crotacuaue alrala, Tha depbhe of
thore Polds within Lhe carth'y emob in these | Laces probably
doot nob exceed 3 b L hilometers (Fig. L3 amd 18)s DNoepur

guinebures compused of ore anclent raock atraba oceur.

The colneidenuve bulween the exbent o Vi aubjuet eplueantors
wid Lao wesbenb of bho surfaco strucburos nurved 38 an seld i tlonal
‘ndiesblon thab Sho subjact earthquakes have soourred nisher
#Lbin thote strustures or ab their polnb of ceinbueh wibth the
widerlylug substratun, and that the shapes of tholr focl ure

gomoher dependent on the shupes of those foids, LF these vorbne

L 3

guaker ocsurred deoper, thon thelir isoselomals on the eurth's

gurface viould have other conbtours and orientationg, corresponding
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RN Y IO A S e s G rabig b vl plapes o
ep sachindon of roat, 1P Rhds cere Lhe gann bhe sarfece
pUpatpen vl Rek Ly uhle ho eneriee o o Fatanbial deviating
e o the dlrseblons e (ke vaven proseading fra anh o
dugpr ToBlh, alnaa Lo kabter @ vl tnherdeal Ve se gpefaad
Appgges /5 Lo geaal A prghty  Ta fhin anne Lha aplaantero

sod Lacsn LaneLe woahd ot 1 olnatds JLsh eupfase gimcburad.

The oplecentral 2enod of dosteuotive warthqualen 6 the
neptharn olepe &° e Botar T ranie, aarticularly “hane « the
1898, 1237, ! PRED I A wiere beon opieabed inon PN b
e sktpeant Alpeshion, apepuanand I L Lhee smebent af W Laehonde
T R LIAR T Al s wroat o I 1 PY, T b ef
e aspyshanen 0TI ea oowbire mmant ab o oy e
s Jaeh cavbiquaies Wy aseurad 18 avidently an graater tan
2 op 3 hilomters (Flg WYe eopary She s Lpaaburen or Sho
foptae! gona of Y aaubhopn Tier Blang oeoury thaga have obher
ahapas and nanowhinb diPforent orisnbablons. M solnelduace of
L epleonbers of the subjuct sarthquakes %lth tho aurface
abrncturas of bhe Vukhoh covering, as in thae preceding case, arc
evidence bhab these parthquales have ooourred aither within tha
sovering or the reglon of eontuct with tha inelined surface of

Lhe Forward aona.

The Aastructive Riddle-Khingou parthquakes of 193k, 1738,
and 1237 had velabively ghord eploanbert=. fpom 10 o 15 or 18
wilomabors, These longths corraspond in soneral bo the Langtthe tes

af individual parbe of the abaidiary folde ff bha 7aaluy
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L0t i wie ~@ikiGbiuwie Wih AVE COVOAOPGY Wo6i6;  Bhate in
weCattdiiy dulaeel b vouanhalb Giver Yw pabhe o bbe uplecunlers
Ly reasbivedy ehrb dloniieets Lo evlneldenen of thw Lengbhe of
Al ohavesmenbionau apiconbess Wil uie lengilie oo vardous live
Glviduad padle Wi L6 GUrluce oddd Gervet oI wed.shoash precf

Wi e wepundones o Lo SR of e Jeed o e adbgeet

(Fige 13, noswned dlagran of the mechanlen of oogurrance
of Wb 1930 argankul! earthguede.,

canpllad by Lo T Gubin ln L0

L owid Qemigustule rock obruba, whiclh uhler (niv Lic Sdie
puslbion of U dtdal purblun of Lo Bueluy agiceliia)  Je=gonar
SrubuBCuas Luyer (Vorbulait sorlued);  leelBioonold dupemshisg
Jemllics o) Loules acd overthzuabsy  ceelivecblonu of noblon of
seionde wavad of warlous latsaslby Wb Lhc wariint's surfaoc, poow
seedlng Mram bhae Jocus of M carbiguant) 7 wikd Deefeeepointe

rea&:j’ngg.) [/Tu’;i AR Ay ’(;/,a oA 'f:"*k’ S ,.Z—, Y
. . e 7 e :
=i e paei e L /
/

(Fige 1k assumed diagram of the mechanies of ocourronce of
bhe 1939 Karatega earthquoke.
Compiled by I. ¥es~%ubin In 1PLET ™+~ = © '

L and 2-eMesozolc and Tertiary rock strata of the Vakhsh

tegtonle covering; J-~Mexozole and Tertlary rock strata of the
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Porviaad tene of the poukinrn mey Shanpy  DeePilovzele voek

etraba of Yhe Terwerd ReTR of b1 peuthern Tier fhane aie the

Ghepop Punggy  Drekkbeh SO the Vativeh varueh (Indtertod by
¢¥)

aeteriok) everthmate; CmDipueblone of metion ¢f relenie wives

of vardous Letensiiy ub bt earth'e pupfioe, proecoding fron “he
7 and Cafempuind POULRS, ) L A T e

e "/

veoug ef the onrthqualie;

t

A y ; . P
R T 4 whf e P AR L
/

’/" ‘—,;' /i ‘ ) !
varbliquaken o the rhapee o thnre ourface fokds e, ab the same
tiue, Lo avidence ¢ the genoble cennoction vetween she subject
porthquakun ard e pevavents of serrespendlng parts of “hute

falde,

The eplcentors of tha dostructive earthquakes of 1695 and
1939 attalned Llengths of L2 to 15 kilometers; the apicentar of
the Safedou oarthquake of 19L1 was relatively short., These
epicenter lengths correspond in general to tho longthe of ine
dividual variously formed purts of the Poldo and luninations of
the Vakhsh btechtonic covoriny, shleh seeur hors to ¢afleet or
albar the epiconter path or aonfiawation, iskeviisa ab compura-
tively short dictanced, fonsequently, the solneidanse bebisan
we lengbhe of bhe ahavo-menbions:) epleoenters and bhe lengbhe of
thass Lndividual suelfane atrustures, Just o in bhe proced g
snse, 1o uvidance thab these earbhquakes have ocourred within
tho Limits of the sbtrustures notod, elther wilthia the Y akhsh
te.ct'.,c;xu.uc‘.ve&:\a‘ﬁ"in Lho reglon of conbact of the Labtar with

*
bhe turface of bae Porward 2003 of bhe southern Tler Shang.
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Wit omagge P 4 te, PP oo ree .y Y (200 S, ot 3 2.0
Vewhmat g et aiie 8T TR TAEe g e VY

Cntrerted Suenmosves oy uklerhy Gl FIRIES JATLERR I HlS i

moeotn aridengn o8 e ey nhaetals siitfaes dedns 30 thelp

ik, evidentdy sivaeekad ALY e ag W arie haehenly e

cagurrlieg 84 an eppraskaaialy wallor Vavad,  Abuig Sl uiddle

poaalioa oF by elver Bolngoee Sush a4 fuie 940 ale e b e of

Ppaabirs of folds, acnpozed of fNeshageoud sgd Lmanks3, fran *he .
susabrasun, Sogashur with Cuulbs whlch have developsd insida Hhase

spactured slolds, The dgpth of thif avne, aeeording Lo ceolegleal

data, presunably reaches 3 4o 4 lilomoters in the ragloneg of the

villazos of Lysyrun and Apgankul!, l.e. in the raglon of the

alght=point zene of the 1934 earthquakasj in the region of the .
sabtloment of Tavil'dara it io olightly deoper (Plgs 158), The

prooence of aone ganerally uniform lavel of foci within the

linite of the ilddle-Klilngou zone sgain gurroborates the asswnp~

tlon that these foch occuur aithor within the surface structures

or in the reglon of contuet of thy labbor with the subsbtrabum,

which has in general an sppraxiastely unifora lovol.

Gn bhe norbhorn slope of the Peter T rande the earthquakes
of L89S and 1939 Likewlse manifosted themsslves almost nnlformly
on the earth's surfaca, This iy evidence of bthe axlatence thare
ulso of some integral zene in which earthquakes ofton oceurs.
this zone Lnoludes placos of conbact butween the utraba of the
Vakhsh covering and the buried surface of the forward zong of
the gouthern Tienm Shana, together with faults which have de=

voloped inside this covering. it
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My Bafaday 9‘},“.@"‘.’1",'1'!" a® 1Al Bl own 1:1'45;3\{“{1;3!!!& s of
Viprgadan, Teia natnda by o amall damth 9" edviprane Par 148
rayix, waish apralahly cian Lasatad g tagtdy bhe Talthah 2R

e, alang the almg o A taallaad 9afeden Faulh 120t),

on the basis of the data connidered sbove Lt muy Lo asousied
that 40 the 'Mddle-*hingou Zoue ane! on bhe aouthern slope »f the
Pabor T range, in the placos mentlonod earlier, sleng Paults
whinh have devalonod inalda tha somplor-foldad Ypper Jurasmie and
Apakangoun eurfaze Layors uad alon: tha region of senbach hafweon
bha Vaithah savaptay and tha anbat-akum, ghifsin=n of mageea of
pogl abwata ara asablmlng ah tha prosont fima, ant Shah thay

ara amalng aarpannaading aurlage aarthanal 9,

Having asswsed thab carthgukes Ln Wha Hiddle=Khingou
epioontral zona and on the northern slope of the Petor 1 range
are causod by shifbings of surfaco folds composad of Upnher
Jurassic and Jretacsous layers, wu can esolly explain ce~tain of
tholr seouliaritios, For oxamndle, the relatively roat frequency
of erpthquacee in the alddle-Xhinges 3002 ant en tho aorthern
alone of She Petor T ronge 45 ovplainod by s faeh thal, Jov
shy Aigwlacomnbe of eanll sovavrin; fulds-wilch eause airhii-
qur.\\{es--s'mll abreasne are requived; dua Lo vonaral uneven
v.rbloal movemonbe of the eorth's smat those ehreases have

accumulated rapidly anl heen ratisr canily rallaved.

,'I’hw:gr}q Jongths of individual covering folds and th
rolative softness of the young Upper Jurassic and Cretaceous

straba forming them, iogether with unevennesses of the more
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rigid substratum, have been ceusing faulting of these covering
Polds under circumstencue of jeneral stresA-inorease in themj
this Peulting has occurred not along tre whoke extent of the
nerthern olope of the Peter I range or the Middle-Khingou zone,
but in restricted places which hava been moot greatly woakened
at @ given moment. This has also ceused the amell length of the
poci (opicenter) of the given earthquakes, and aloe bhelr fre=

quent repebition in the name places or in adjacent sectiens,

The succenaive displacement of eploentors in a southwest
directien which has occurrod during recont yoars in the Middle-
Khingou sene has prebably been connectud with succeaslive move=
monta of individual torn und broken folds, closely connected
with each other and composed of Jretaceous and Upper Jurassic
loyers., It moy be usaumed bhub movemento of thuse folds in 193L

noar the village of Lyayrun csused in the viclnity the first

(Fig, 15, Assumed diagram of tho mechanies of occurrence of
tha L9L3 Seyat earthquake.

Complliad by I. Ye. Gubin in 19h8.

1-2-=Nasozoic und Tertiary rock strata; 3-~Lower Mesozoic
layer (Sorbulak series); L--Paloozoic rock strata; S==Fault
liney G-=Direction of movement of seismic waves of various in-
tenslty at bhe earth's surfuce, proceedling from the earthquake
focus; € and 6-7-—Point-rea§inge.) Z:?é;r,:}ﬂ;ﬁ‘;;k/; e v

4W_, c Tl Fhermep e 00 7/
o , s

4
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Argankul! garthquaie awl aimiltaneously altered to o certain ax=
tent the lesation of these folds aw Jdisturped the oquilibrium of
other parte of glem near the village of Mionadu. In consequenee
of this naw dmplmemmm Look plage Lhara in a year, causing the
ganond rgenkul! garthguake in 1938, with iua eploanter near the
villuga of vionahi In this earthquake the locablon ef the Sayat
antleling was ghanged and B gorrenponding etross grow in magni-

tudo within hne Lindes of tha Labhor, which prevoked naw testonic
diaplucementa thore, eausing woal oarthquakes inoluding the Suyab

earthquaks of 193

The uplconters of the nasrengont aarthquakoe within tho
1imits of the (lsoar rango hava coineided in various measure with
tha Lines of profound, steap toctonic faults along whooe purfacas
individual segtiend of the horritery of the subjoct range recent-
ly underwent gonaideravle diPrerontinl vortical displncomentse
Those epioenters of the otrongest garthquakes were orionted in
noriaonvul secbion ab various angles with respach to each othor,
indepondently of the general pesition of the fHlesar range and at
vimes evon ite Yurlan and alpine géal.agi.cal structures, bub in '
contormity to the position of tha Lines of the young, steep
faults which have developed thers, which have various orientab-
1ens (Figes L and ) und which are connocted with a modern
differentlal upheaval. Spaoificnlly, the eploenter of tho Garm
parthquake of april 20, 19L1 had an cast ard southeast pabh, tho
opicenter of the Pitaukul! carthquake of May 19, 19l was extend=-

ed in a north=northeast diregbion, and the eplcenter of bhe
e *

PRI N
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Nanaraylok earthquake of May 6, Lokl wus oriented in an gastwwost
direction, in conformity to the positions of he linea of steep
and vertlsal faulbe which nave davelopad vhere.

Inside the epleentrak zong of the aarthqualte of April 20,
1741 oxtend a fow no-called Danhtlichireun faults, whone planes
nave elmont vertical angles and which divide the sloping Alpine
foldn st groat dopthe (16w, 17¢). Along the planes of thaou
faults compact mansee of grenitoids ore in centact with layers
of motamerphic snales, & certaln difference in the musses of
these mirata hag to some exbent mude possible, probably, the un-
avannses of Lhelr uphouvel and the displacenents ulong the faults
montloned, wiich have caused the subject sorthquake, The foel of
the Nazarsylok earthquake of May %, 19LL and the Pitaulkul' earth-
quake of May 19, 9Ll probably ocaurrod along the stecp plangs of
faulte whose lines puse throuph their epicentrol sones, They

also soperate strata of difforent masued.

The wvarious sbron; earthquakes of the Hesar range have had
epleontars of different lengths. For example, the epicenter of
the Garm carthquake of April 20, 1941 reached a length of Lo
kilometors, just as that of the Karatag earthquake of 1907 (9),
vihieh oceurred in bLhe Uissar range of the Stalinabad Oblast.
helotging to other earthquakes, purticularly the many-£ocused
Fayzabad earthquake of L9L3 (9) which occured in the Stalinsbed
Oblast, vha lengths of cortain opioenters on the southern slope
of the Glesar runge did not execsed 10 to 1§ k%xaw:%%%s; - probably
the Yazaraylok and Pitaukul! earthquakes of ¥ay 6 und 19, 19k
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nad similar er ohorter apicentors.

Theoe eplcenters ef vurious lengths have in many cages
gorreaporled te eimilar lengths of vurious individual blocke of
the earth's crust, bounded by tha planes of steep teetonic
faulbo; this was particularly noblceable fur the Foyzabad earth=
quake of 19L3. Illowever, in cther cases the epiconters were
shorter than theva biocke, 'Tnie, and al8e the coincidance be-
twean the langtha of the ahove-nentloned eplcenters and the
lengtha of vuricus bloake of tha earth's erust whioh have
rosantly undergona vortical uphoavuls, servea an add i tlenal
nroaf o tho depentonce of the shapen of the Peel of thoso sarthe
qualios on Ladividual lacal geologleal siructures which lave a

rolatively doop seeurronce.

The strongost carthquakes of the Ulssar range, enunerated
above, have had certain small differonces in the sises of thelr

aress of diffusion, and small differences in the distances be-

"timen thoir corresponding icoseismals. This points to the fact

that bhe fosl of these varthquukes ware Located at some varied,
but close-together, depths and, Jjudging by the manifestations of
the corresponding earthquakes, scarcely deeper Lhan 20 Lo 25
kilonetars, Many other earthquakes of the Olssur range, includ-
ing those which ware weak, local, and had emoll areas of diffu-
sion, have probably occurr.d at lesser depthe approaching the
earth's surface. Their focl were evidently located in the higher

nones of stasp faulbs,
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ALl of the data zlven ghove permita the sspumption bthat in
the Alasar range displacemente ef individual sectiens of Whe
ourth's erush, in versiesl directions, ure continuing along the
faulss with which bie aubjuct eurthquaken wero gonnactad, and
that thare dinplkacemonte 6re cauaing eorthquakes therae, Tb i@
necagsary Lo amphariae that the eploenters of those or other
parthaquakas vare not logatad ayonnd somd singlo maln wlock of the
garth'e crust therd, along the Linun of thw laults surreunding
1, bub ondy on une gide of Lt, slong the iine of some single
fauit, nnd not along ita whole length, but in inany cuses only
along part of it. n8 &n exception 1t hes veen oboerved, for
axample, bthat in the many=focused Fayzabad earthquake of 1543
the epleanters werc joeatod aleng tho two raults which outline 8
certain block from two parallel sides or, in other cases,

orionted at anglen 4o each others

o losation of oploontery noinly unly on sune ono pide of
a certailn block or only in part of Lhat side is ovidenco of the
extremaly uneven dleplucaments of tho latier. Nisplacements in
these cases eceur consecutivaly, first on ong, blen on the othor
gide of the rising block, or evon only alonyg some part of one of
ite eides, 1% is probable thut in this process bhe strains of
the upheaval sceumulate unevenly on ghe whole area of & cartain
block, end us & result upheavals of the block or its individual
parbs oeenr, accompanied by tonaions, bendings, and inelinabions
of the sarth's crust in the boundary raglons. Subsequently,

when thdBe stresses become greater than the tensile strength of
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tha rock strata, corraeponding fanlts und movements alany these
faulte oasur in the waakeat places, csuning earthauikes, From
this 1t nay be eonalnded that rizht at the time of the oarthquake,
undor the given scnditions, tha movemsnts of the maoses of rock
strata ocanr reinelnally slong faolte and noar them, hein:
nttervated ' the side whore +'a rige hag already taken nlace

carlior,

Having ageumed thut the flasar range earthquakes aro cauned
diroctly by nnoven vertical movements of the earth'a omat, we
can nasily explain cortaln pesuliaribles in the manifeatations
of thase carthquakes. For axumple, destrustivo earthquaken in
the Oissar range oscur rolatively soldom and attain considoradble
inbensity ab their foal, This ia oxplainod by “he fact that
largse stronses ura required for thw displacement of individual
larga rigld sections of tho territory of this range; these
strasses aceumulate over extremaly long intervals and aro ro.
leused ws the movements which sause the occurrence of strong
earthquakes, Such earthquakes are ordinarily uccompaniled by a
large number of underground shocks which ofton tale place aleng
faulbs which have devoloped off to the slde of the main foel,
Displacemonts along these faulte are ovidently facilitatod and
accelerated by the goneral trombling of this region during a

basle underground shook.

The above~mentioned unaven vertical displacemants of rock
asses, which cause ourthquakes within the boundaries of the

Oissar range, atbain various amplitudes in individual cases,

-0«
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probably from en sietyaraly prall magisude, neasurad in fractiona
of contimeters, to maveral moters. Grdinarily, Anall movemante
take plase, in plecee tmpornentible to the eye at tha earth!s
purfags, but which in tha dopths of the earth'e srust are
aggempanioad by dieplagem:nta of nasgen aleng fovli=planen over
vagh aroas, up to several tens of gquara=-kiloreters in olze, and
arg aenompanied by diaturbanaos in the gontinuiby of the rock
atrata. [nsidentally, displacemanta af amall amplitude, coctT-
lag ineide tho enrth's eruet, moy not aven shaw up «n the earth'e
eurface, sinea they are compansated by frictlen tnd amall bande

inze Ln Sho upper zones of the earth'c crust.

The onalisamplibudo displacorents aunslderad gbove ea.se :
suthonary wealk, nedium, and gtrong aarlhguakan. Yovamenbs of
Larpe amplitude, wisiblo to Lhu oye 45 Lhg warth's surlaca,
onour==rabhor infrequontly--in virlous sonntreios during earbhe
quakes, Dnrin: fuch movements varbhquakes of groater than Y=
point intensity ordinarily ocour, [n bhe fiiosur range bthiere are
numerous brases of conaiderable displacements which have vecurrod
recently along various steep foulha, evidence of axtremely sirong
past earthquakes. The epicentere of aarthquakes investigabed by
us have coinecided with the linas of these faults, bub probably,
as the result of relabively weak {ntensity, thoy have not heen
accompanied by visible movoments of the carth's erust. Ib is
quite possible that four catogorios of asrbhquakes take place
along theso fuulbos ordinary wonk (up to 3 or L points in in-
tonoity), medium (up to 5 or ¢ points), and strong earthquakes,
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sl unuaal enkegtraphie certhauaes (reve than pointe in

taneitby)e  ha ordinay carthqualees oo ur aftan, Yk thie aaba=
sevophic anew extremly saidoa.  Murlng the pash B0 gears

ave § urrad @ ! oundaries
casantrophie aarthquakes have nok waaurrad aithin the hown

W the dlesar ranid.e
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CHAPTER IV

YODERN TECTONIC OVEUENTS AND THE DETERMINATION OF THE SEISMIC
FEGIONE OF GARM OBLAST

§17. ledom Togtenio lovononia

Tn conoldoring the goolopical aomposition of the Glecer rAnge
§(0), 1t wnp noted that within its towdarico tho latest stere in
the hintory of the dovolopment of tho earth's crust han boon un=
evon uphoavals, accompaniod by dioplacomonts nlons the planos of
numorous gtoop faults. foismic phenomena coourring along tho
planes of' numorous stoop faulto. Soiomic phonomone otourring along
the plenos of cortain of these foults corroborate the asoumption
that dloplacomonts are taking placa nlonf thom oven at the prosent
time. In consoqnence of the largo numbor of vardous tracos in the
roliof which aro evidonco of recontly ccourred upheavals, and of
the absonao of traces of doprosoion, it ig ponaible to assuma those
displacomonts have as bofore a ponitivo sign. Consequently, the
unoven upheaval of the Gissar Tange is continuing, ond, a3 beforo,
18 asccompanied by displacementa along the planes of stoep faulto,
within tho boundarios of tho Giosar rango there axe many difform
ont teatonic faults connooted with ite unoven uphoaval, bub knowm
sarthquakes havo boen traces to only cortain of therms It o
ovident that bthis upheavnl, accompanied by movements along faulte
plancs, is not taking place simultaneously in all sootions of the
0dasar renge, bub in those vhere sufficlent stross has acoumlated
in consoquonce of various gooloploal oimoumstances, In the future
displacements and oarthquakes connected with thom will take place,
naturally, not only aleng the faults along which known earthquakes
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have ocourred, but also along other tectonic diaturbances, like=
wiso connaoted with the vortdcal diaplacements.

At prosent the author lmova the folloving faulte with steep
and vertical plancs, along vhich conpiderable displacements of
the rock masges are probably ocourring, with various interrup=
tdonat The Depigulemon, faryblchun, Samsolyk, gholl, and Turkoen
faulte, coparating variously raioed individual blocks of the
earth's orusts In Quaternary timo the amplitudes of the vertioal
dioplacemento of these blocks relative to cach other have reached
from hundreds of moters to 2 or 3 kilometern in various places.
These movements have disturbed leoceno godimonts and the Semsolyk
layor of Neocone=Quaternary agoe

Tn the lowor roaches of the river Surkhob thoro are vertical
foultst tho Yokhak and Surkhob-Khingou (2%)s The lattor, on the
promontory botwuen the rivers Surkhob and Khingou, poparates the
Paloogoic limentones of tho 0issar range from the Neocene podle
ments of tho Vokhsh synclino. Its 1ine ie overlapped in seversl
places there by wndisturbed modern sediments. Thio is evidence
that displacemonts aleng this £ault have not ocourred during the
courso of a conolderable rocont perlod of time.

In tho basin of tho river Sorbog thore are two faults with
divplacements of large amplitude along thomeethe Kanmarou (10%) and
the Gordf (13%)s The plone of the first of them falls to the
nepthwest at an angle of up to 60 degreoss the plane of the second
18 olmost vorticals A number of other similar foults oan be ob-
gorved in tho basic of the upper roaches of the river Kamarou

(ll.“, 15”)0 o tess
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A few verticel faults ave situated near the settlement of
Garme Two of them, the Pidak and the Shwl! (7#), vorder a wnique,
highly=olovated horst on the nertheast and northwente=ount ‘ando=
1ults The third faultb, probably berdering this herat on the
geuth, 4g hiddon wnder the terrace of the river Burkhob,

me the nerth of the settlement of Garm is the line of the
faudd farlt (8%), along vhoso almest perpendicular plane the
Gianay range hap wdorgone & considerable vertical olovntione
Thus, the gsottlement of Garm 16 in an aven bordered on the north
hy the Cissax range and on the woot by Mount *andolyul', vhich in
ragent tdme havo undergone considerablo rining movementas

In tho valleys of tho rivers Sos and Yaoman is tho group of
vortical Dashifliiroun fawlts (164, 17%), In the Dzhirpatal’
rordon the Pitaukul' fault (20") must bo noted. There aro probably
some connoobod otoop or vertlonl faults in tho valloy of the river
Surkhob, in tho scation from tho pottlomont of Kalaylyabich to the
ropion of tho sottlemont of Dzhirpatal's Thoir oxiptence thore 1o
only agsunad (27%) on the basis af tho rolatdon botwoon the rizht
and left banko of the river Surkhobe Tho firot of thom is come
posed of olovatod Paloozoie sholos and granitolds, and the socond
of lowor Crotacoous layers oceurring almost horizontally noar the
piver~bod, The lines of these two hypothotical faults are hidden
under the prosont-day sodiments of tho river Surkhobs

In addition to the faults cnumerated, thore are ovidontly
other rocont toctonic disturbances within tho boundaries of the
(losar range, which are not noted on the attached map (Fig,.ﬁ).

They may be found through additional detailad geolopioal mappinge
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yoveronte of the massea of rook otrate elong the faults
eawrerated above will be pecompanied by carthquakes of varied
intensity. According to nolemontatistical date gathered for the
vhole territory of the Glgoey range, from the rerdon of the olty
of Termeg to Garm Oblant, during the past 50 yoars the majority
of oarthquakes coourrinf thore have beon voak and only peversl
of them have reached an intonsity of 8 to 9 pointee In conforme
ity to this we may oxpect, in future aloo, tho ocourrondo of
ponorally similer ocoxrthquokon along the faults onumoratedj of
theooe, the normal strongost earthquakes vi1l bo 8= to 9=point,
with oirelos of diffusien of the #-point tremors 5 to 7 kilo~
motors from the oploanter, ao of tho Carm earthquake of April 20,
1941, typioal for the Cispor rongos

Tnoddentally, the ponodbility of ocourrence of considorable
similtancous vertical dloplacoments of tho masson of rook otrata,
with conpidorablo amplitudes (up o 1 or 2 motors), within the
boundaries of the Glaosar range 4s not oxoludeds as nlroady noted
(916). consoquentlys the posoibility of the occurence of oarthe
quakes of groator than 9=point intonnity, taking ploce during ouch
movoments, 38 nob oxcludeds Such cataptrophic oarthquakes havo
not yot beon pocorded within the boundaries of tho Glosar ranges
and thoy probably oceur only ao oxceptions, in the near proximity
of fault~linen.

Apart from movenonts along faults, the olevation of the
Glogar ronge wao pocompanied in Neogene and Quaternary time by

various inolinations and arch=ghapod bendings of cortain soctions

Declassified i - iti;
in Part - Sanitized Copy Approved for Release 2012/03/22 CIA-RDP82-00039R00010017002
- 4-7




Declassified in Part - Sanitized Copy Approved for Release 2012/03/22 : CIA-RDP82-00039R000100170024-7

of the earth's oruste It is possible that these movements are
contdnuing even up to the present, malnly in places where bend
ing has oocurred Lefore and, specifically, along the base of the
southern slopo of the Giesar rango, in the valloy of the river
Burkhob, These bondings may be accompanied by faulte in the
emiinuity of the rook atrata end the osourrence of ocarthquakes
of modium and weak intenodty.

In onumorating the various faultn within the houndaries of
tho Glosar ranpge it wan montionod that tho lino ef tho Surkhobe
Khingou fault is ovorlapped by modern sodiments, This should
not be reparded as on indloation of tho complote eesnation of
novemonts, It is Jmown that dioplacomonts of individual soc-
tdons of the earth's orust ccowr along faulis at groat intervals,
and within those intorvals, under sultablo ciroumatances, modern
podimontn of conoldorable thicknoss may accumulate on faulte
linons In certain cases ouch ovorlappod tootonle disturbances
should bo roparded, from tho soiamic vtandpoint, as partiowlarly
dangerous, ninco in the ropglons of thoir dovelopment strossos
accumwlato ovor long periods, romch groat intonsity, and can
onuse groat displacoments and vory strong earthquakes.

The Quatornary upheaval of the Gissar range conoidered above
has produced a conuiciernbie reaction on the territory adjoining
the ranpe on the south. Specifically, as already noted (910). it
has caused a certain additional ralsing of adjacent sections of
the forward zone of the southorn Tion Shane and, at the same
time, probably caused bending of the forward zone and inclination
of 1t toward the southeast, togother with the Vakhsh covering,
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vhich has developed there, These bendinge and inclinations of
the territory of the forward zone have evidently boen accompanied
vy certain benddngs, compreasions, and dicplacemonts along faulte
in the complex=folded Upper Jurasaio and Cretacoous layers of
the Vakhoh covering, and aloo o slipping of the covering along
the otratun, in placos of its maximum vendinge wnder the northern
plope of tho Poter I rango, particularly in the repion of tho
buried Vekhsh struotural otep (§10).

Tha oeourrence of curthquakes on the northorn slope of the
Peter I rango in 1895 ond 1939 in the vogions of the villages of
Zyubet ond Damou, with fool looated olther along tho planc of
tho Yafuch fault or along the baso of the Vakhsh coverings in the
place vhers it ooours on the Vakhsh structural stop (Fige 14Dy
gorves oo an indication that these movemonis aro sontinuing cven
at presont. The Safidon carthquake of 1941 1o corroboration of
such movemonto in tho Kalaylyablicb rorione

In othor parts of tho northorn slopo of tho Poter I range
onrthquakes have not boon rocorded during tho past docade, but, ao
may bo judged from the results of structural analysis, displace=
nonto of individual olomenta of the Vakhsh covoring are possiblo
in cortain poctions of this slopo, and conaoquontly carthquakes
ore also possiblos Spooificallys such dicplacoments probably
ocour in roglons of the lower renches of tho river Khingou, in the
zono of contact between tho Vakhsh covering and the inclined sur-
faco of the Vahkakx _’a'grgop}}:‘nl stop=--in places vhere tho roots of

+ the™yarich B'véx:f:Muh developod—~in vhose reglon the genoral goo-
lopgloal conditions are analogous to similar conditions of the

‘9,* -
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regdon of the villages of Zyubet and Damou, vhere the eplcenter

of the 1939 earthquake was looated. In thepe places, conse=
quently, the oecurvence of earthquakes is peasible=—of earthquakes
of the sams type ae the one near the villagen noteds The strongeat
normal earthquaken there will correcpondingly attain an intensity
of 7 to 8 pointn nt their oplecntors, will have omall areas of
&-point shooke oxtonded along surface goolosical atructures, and
will have dlstancen botween the 7= and “=point lscselemals of

from 2,5 to 5 kiloretors, and botweon tho G~ and 7=point iscsciow
malo of up to & or 10 kilometers,

In tho sontral portion of the Peter I range, in the ropion
of the villapos of Almlyk and Darainushor, the Vakhoh structural
step hap omell width (profiles VITI, IX) and movemonto along it
of the Vakhoh covoring are improbable thore, In the castorn
portion of the Peter I rango displacomonts of various individual
parts of tho Vakhoh covoring, caused by bending and ineclination
to the southeast of the forwerd mono of the southorn Tien Shans,
are more posoible along tha buried,inclined extreme southorn
surface of this zono in placos lying under tho axial portion of
the Poter I vango, and along faults which have developed thore
inoide tho above-lying Vakhoh covering. Placen where such movee
monts are pousible oxtond in the depths of the earth's erust
approximatoly from the valloy of tho river Safidsu (Fig. 4) to
the head=wnters of the river Shaklysu, and then to Lake Burunkul'!
along the northern oxtrome of the Shaklysu anticline (24"*)s 'These
displacoments may be easily imagined if we consider geologleal

profiles VI=-XI, having assumed an olevation of the Olssar range
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and & bending of the forward monc. Strong earthquakes have not
occurred here during the past deoads, but they are possiblo vith
diaplacemente of individual pertiens of the Vakhoh covering,
being of the came type ao the earthquakes on the northern slepe
of the Peter I range in 1895 and 1939, vhere the goologienl
conditions are in genernl identiocal,

The ocourronce of mny=-focused oarthquakes within the bound-
ardes of the !Mddle~Khingou epicentral scne sorves as an indlca=-
tion that dinplacemonts of messos along faults in the surface
mone of tho carth's orust are also occurring thero at the prosent
time, Thoy aro poseibly caused, ao alroady noted, by various
bondings and comprossions of the earth's crust in this zone,
theso being connectod with the relatively groat uphoaval of the
Darvas range and, posoibly, of the inner portions of the Potor I
range, by comparison with rogions of the Middle=Khingou opi=
contral zonoc.

Unovon rising movoments of these rangos cause, in the zcno
of contact, moveoments along various faults (§16), not only in
placen whare knowm earthquakes occurred in 1932, but probably also
in othor, adjncent soctions where thore are sufficient promisos
for this. Specifically, such movements arc probably ocourring
along faults whoso 1lines extend from the hoad-waters of the river
74dn~darn t0 the vogion of tho villago of Mionadu (35%, 34%).

The planes of these faults fall stoeply to tho southenst and
intorsoct folds which are closely comnected with moving subside
iary folds of the Trans~Ala symoline. Displacements of all or
parts of those folds evidently cause earthquakes of the same
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character oo those in the valley of the river Khingou near
the villapes of Lyayrun, Argankul's and Wdonadu (1934, 1934, 1937),
1,00 in the epicentera tho atyongeat normal earthquakes probably
reach on intensity of @ points and have B~point chooks of small
proa; extonding alonp the surfaco geolopical gtructuros.

Tn the baoin of the river Zida-dara (Figs 4) movements
along faults haxlly ovour) ginee within the boundaries of this
rorion thore hag boon wide developmont of wnbroken layers of the
Polizak sivatum of oonplomerates of eogono=Guatormary agcs of
roro than 150 motera in thiclmoss, ovorlapping the lines of toc=
tonic disturbancos which have developed thore, including the line
of tho Karakul' fawlt (37+)s 1In the Sel'dytau Mountains, which
rocontly undorwont o conuiderable vertical upheaval, strong
oarthquakes havo not ocourred during tho past dooado, but move-
monts along tho plane of tho Kapalul' fault are fully ponsible
thore, and consequently oarthquakos are alao ponsibloe The 1ine
of this fault in those places panses among onow=gappod peake up
to 6 kilomotors in hoight, and ite plane cleaves tho mounteins
into two parts, of which the noutheastorn ocoupies the higher po=
gitions Novements along this plane recall somevhat movoronts
along tectonic disturbancen which have dovoloped in the houndaries
of tho Gissar ranges It ds poasible thot infroquent earthquskes
of varied intonsity also ooour Lhoro, at vorious dopths, including
quakes of the type of the Oarm carthquako of April 20, 1941, with
opicenters ocourring on tho suspondod flank of the Karakul! faults

Apart from the above=mentioned displacoments of large maases

of vock strata along various fault=lines, within tho limits of
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the territory of the Peter I range there probably ccour phonom=
ona of secondary partial complications of the surface folde in
the surface mone of the earth's evupt, aauged by these displace-
ments and the presmure of the nighor=lying rock otrata. Spocil=
1o0lly, intra=layor dioplacoments of the plastic rock otrata and
pulling of these from tholr bage take place, dlapir rods develon,
on the nerthern nlope of tho Peter I range composed of Upper
Jurassdo pypoums (16); individual layors of the rock strata broak
aparty otos Al of thono procospos oan 0auso the ocourrence of
loesl surfaco undorground tromors of amall intonsity, Promioos
for the oscurrence of such wndorground tyomors are to be found
1n elmont oll roplono of tho Petor T rangos but thelr groatoat
numbor is probably aonaontratod in soctions of groatont movoments
for oxamplo, in the Wadl.o=Khingou zono and othors.

In tho deop portions of tho corth's erust of tho torritory
of the Pator I rongo, under ito gouthorn slopo, movomonts of
groat mopos of rock strata are possible aleng tho plone of the
Vekhsh fault in placen whore thip planc, in cenformity to our
hypothesis on the ocourrando of tho Vakhoh overthrust, eutting
tho Paloozoic strata, nopumes & rolatively stoop anglo of doscent
(profiles 1-XI), Those movemonts of the rear part of the pus=
ponded flank of tho Vekhsh covering may bo eoused elther by
tangontial movements or by enaven u;{heavnle of the Darves range
ond the forward zone of the southorn Tien Shans, In consequence
of tho fact that for such movements dlsplacemont of very groat
goctions of the earth's orust arc voquired, many timeo greator

. than individual blooks of the Gissar renge, We may assume that
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the strosees eomential for thie acoumdate there much longer
than in various epleentral sones of the Gissar range, probably
during many conturiss or oven mlleniss Correspendingly te
this, tho strong carthquakos caused there by these movoments
ocour 80 infrequently that it 1o posoible not to take thom into
account in determining seiomio distrloto.

§16, e Deterninatdon of Solomto Reriens

Having considerod in the foreroing uootien the mochanics of
modorn tootonic movemonts, and having Alptinguichod fawlts alonf
+hich onrthquales ocours Vo have thus onoentially corrled out the
detormination of soismie rorions of tho torritory of Garm Oblaste.
1t romnine te make only soveral gonornlisationa,

within tho limitn of tho Cissar range tho faulto along
vhich carthquakos ocour are 1oeatod on the vhole vidth of the
aroa of ito southorn slope, the preatest diotanceo botwoon indie
viduol faulte not oxosoding 12 to 14 kilomotors (Fige 55 26)e
(The 1ines of those foults within the voundarios of the CGlosar
range have beon plotted on e 163 the corrooponding probable
oploontral zonos have boon indieated with dots, provisionally
along hoth oides of these ptoop faults bocause on tho basias of
outeroppings on the oarth's surfoce it is impooaible to dotermine
various inclinations or bondinge of the plancs of vertical or
pteop faults in the depths of tho earth's orust, and at tho samo
time 1t is imposoible to dotormine on which side of a cortain
fault opioonters will be locateds Along each of thom during

vorticnl displacoments oarthqualkes of varied intenslty may occur,
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inoluddng very atrong quakes up to 8 or 9 polnts with gurrounds
ing sreas of Gepoint chooka up to 5 oy 7 kilometora, normal for
thess places (517). Genpequently, dueing further tectonlc moves
wonts edphtepoint shocks vA11 be exporienced in twen by all
papions of the Glasar rango, Adepending en the place of neaurrence
af the nowt atrens oarthquakos mherafore in determining golomde
pyedong v have olasped the antdrn aouthern vlope of tho Clapay
range within the vowdasdon of CGarm Nhlash an an olphtmpodnt
song,  wedblons ooty adjacont Lo gho Linen of astive fawlte
s olagalfled uo nno=podnt 5010%

Dudng; wphosvel of the Glagar range in Auabornary Hime REE
placoronby of paximun auplithde have ocourrod along fuulto which

have dovolopod saleng

(Fipe 164 Sohomatio map of sodomic ropions in the torritery of
Garm Oblast of tho Todzhik SR, compiled on tho baois of the
golsmotoctonic mothod

After I. Yo, Qubin, 1948
1--Poppsible epleontral aonos, ineluding those of destructive
oarthquakes from 8 to 9 points in intonsitys 2==Possiblo g-point
zono} 3==Possiblo 7-point sone} 4==Possible 6-point gonoj S=-
1ines of Alpine foults and overthrugts oscurring during formation
of the folded structures of the Poter I range} Gw=lines of stoop
Alpine faults connocted with the uneven pigo of the Gisoar rangej

LmeRfmenitunbors of taotonio destructions montdoned in the toxt)

/’f:’%f '»"n.-c‘z/:’;“.i.; ; * /f-w' /:,//" picl s JZ“JY
FA .

vt B S8 By e
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the base of ita southern slopej dwrdng the past 50 yoars
atrong earthquakes have occurred most froquently in these same
recionss In the remeining sections of the range thoy have boen
leun froquent. It may be asaumed that in future more intonsive
movemente will take place along the borderwgone of the southern
nlopo of the (dsoar range and that undorgrownd tremors will
ocour more ofton,

This provides tho foundation fer olassifying this sono e
partioularly selsmia in the limits of tho Gionar range. In
thiy zono, proccoding from tho Rayoun repion of oouthvest
Usholtdatan to the Dahirgatal'! rorien of Curm Oblast on a seotion
up to 300 kilomotors in longth, four 8= to 9=point carthquakes
and many undorground tromors of modium and woak intonoity ecourred
from 1907 to 1948« Tho &~ to 9=point carthqualtos ocourred in
various vidoly-separated places and did not roocowr at thoir
formor locationss Thus, for the givon porded of time (/41 years)
within the boundarios of this mono only ono oarthquake apicco
oacurrod nlong certain faultse Consequently, it may be assumed
that minimum avorage intorval for the occurrenco of carthqualkes
along a glven fault is 4l years or more thoro,

In Garm Oblapt, within the boundaries of tho Oissar xange,
o deetruetive earthquake ocourrod only oncoeein 194le-during the
porlod montionod, in the wvalleys of the rivers Kamarou and
Yasman. Consoquontly, in these wvulloys also, oight= and nine-
polnt earthquales ocour just as soldom, at minimum intorvals of
40 to 50 yeara on the averape. In othor places in the Glasar
rangoy within the boundarios of Garm Oblast, dostructive earthe
quakes have not ocourred during the past 40 to 50 yoars mlong a
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ap narrov atrips, extending In & gouthwest divections The
salemio aotivity of the firet of those zoneny LeGe tho opls=
centyal mone of the northezn ulepe of the Peter 1 range; 18
non=uniform in 14g various partse Barthquakes ooour mopt f1e=
quently dn tho rerions of the villagen of Ortoty Zyubets and
Gagorchashmay vhore during the pericd ¢rom 1899 to 19395 4404
for 44 yoars, o deptructive oorthquakes and peveral wndor=
pround tromors of nedium Intoneity oocurcds In the verion of
the mouth of the river Khinpou dostructive eartheuakoes have not:
ooourred durdng the porded indientod aboves
In rorions of the oploontral none of tho cagtorn oxtyomo

of the Potor I rango thoro are 1o populatoed pointos In conso~
quence of this no informtion on osrthquokos has baen forthcoming
fron thoros For thio rorion thoro oro 1ikoioe ne instrunontal
data. In oongoquence of this it io avicward 1o dotormine tho
goiomic activity of thono placods Novortholonn, if vie toko into
peoount that asaplacomonts of tho Vakhoh toatonic covoring vithin
tho 1imits of tho eastern part of the Potor I rango are causod, a8
4n the opleentyal zono of tho northorn olopo of the Petor I rangos
by uneven pioing movoments of tho Gippar rangoe and tho forward
sono of the southern Tion Shang, vio may thon make & proliminary
conclusion that deptructive corthquaken oooud ghore with tho same
{requency a8 on tho northern slope of tho Petor I range 1.0
with minimm intervale of 45 to 50 yoarse

« =yinin the boundarios of tho southorn slopo of the Poter I
renge are clearly diatinguisho:; tho Middle-Khinpou e'pi.ééntraﬂ-.

sono and a possibdloe Mionadu==2idn=Dora 20NCs olosoly connected

3103-

Declassified in Part - Saniti;
- Saniti
itized Copy Approved for Release 2012/03/22 : CIA-RDP82-0003!
- - 9R000100170024-7




Declassified in Part - Sanitized Copy Approved for Release 2012/03/22 : CIA-RDP82-00039R000100170024-7

gingle one of the faulte 1ocated and mentioned above, in whose
rogions stresses of varlous degrees have natwmlly acoumlatod.
It is prebablo that alse in thece places destrustive earth=
quakes along individual tootonic faults ecowr at nimlmun intor=
vale of 40 to 50 years, but judpdng from all that has beon said
and 4u evident, even at conslderably groator intorvalo-now in
one place; nov in onothor,

In the precediny secidlon wo ddotinguiched within tho
voundaries of tho northorn slepe of the Potor I range o toctonice
ally active opicontral =ond, sorracponding to places of sontaot
votroon the Valdish covering and tho buried surfaco of the Vekhoh
otructural otop, and boginning within tho limits of owr map in
the rogion of tho mouth of tho rivor Khingou and onding in tho
ropdon of tho toctonic window of Narainusher (20%), For this
opiecontral mono of tho northorn clope of tho Pator I rango the
ptrongont normil carthqualkos ore of 8 to 9 polnto, with omll
aroan of diffusion. !le distingulshed o similar opleentral zone
in tho omptern portion of tho Poter I rangos proccoding from
Tako Purtmkul! to the rivor Safidew (Fig. 16)e Ito wostorn ond,
doelining pradunlly to the south, is wemoto from vordons of the
Giosar ranco, noar vhich the groatost invlinations of tho for-
werd sone of tho southorn Tien Shans ocours

In the contral portion of the Peter 1 range, in ropions of
the rivor Safidsu, thio zeno io quite far from the Glsoar rangd,
and tho inglinations noted probably no longer ocours In oonge~
quence of thls I assume that“tﬁl; oﬁioontrul zono onds thore.

Both mones are reprosontod on the map of sodsmic reglons (Fig. 16)

=102 «

Declassified in Part - Sanitized Copy Approved for Release 2012/03/22 : CIA-RDP82-00039R000100170024-7




Declassified in Part - Sanitized Copy Approved for Release 2012/03/22 : CIA-RDP82-00039R000100170024-7

vith it. Earthquakes of varied dintenoity, including very
gtrong 8= and Ywpoint earthquakes, normal for these sones, with
small-area 8=point shocks extending along the goologleal struo=
tuwres which have dovolopod there, arc typloal of these monese

In tho reglens of the villages of MicnaduselLyayrun (Fige 4)s
the diotancen botwoon &= and 7=point lsoseismals during destruce
tive oarthquakes have not oxcooded 3 to 4 kilometorss

On the seotion botwoon tho villago of Sayat and the sottlew
ment of Tavil'dara surface goological slructires composed of
Crotacoous podimonts coouwr pomowhat more doeply than in the
ropdon of tho villages of lMionadu=-Lyayruny thoy aro more nimplo
than tho lattor and have oxporlenced fowor dicplacomonts along
Pawlts, It is possiblo that ulso at prosent fewer displacoments
aro oscurring thore, and that at tho samo time weskor carthe
qualies than in tho eastorn portion of this zone arc ocourring.
This is corroborntod aluo by sclsmostatistioal data, admittedly
quite fow in number. In acvordance with tho forepoing, on the
attached map (Fige 16) tho southwostorn part of the Middlow
Khingou oploontral zone is divectly swrrounded by 7=point ropions,
Just ao its northoastern portion is swrounded by 8=point ropions
in tho immediate vicinity.

In tho northeastorn part of the Middlo-Khingou sone, in the
rorions of the villages of Argankul' and Mlonadu, two Bm=point
oarthquakes and many soismic shocks of modium and weak intensity
occcurred botwoon 1932 and 1947 (.04 over 15 yeara). This inoi-
catos tho considerable seismic activity of this zone in the
amall intorval mentioned, but still does not pive bases for
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for eotimating it average coismic activity for a greater peried
of time (50 or 100 years)s It is quito posmible that there, av
in the valley of the river Yasman in the Gissar range, i.ee in
the replen of the epiconter of the Aprdl 20, 1941 earthquake,
long poriods of ceismis calm are replaced by short perdods (5 or
10 yoars) of increased sciemic activity, aftor vhich there comes
another long poriod of calme

The poosible oplaontral none of the Karakul'! fault is
located to the southoast of the line of the latter in the
Sol'dytau Mountains and tho adjacont portien of the Darvas rango.
Vlo have not yot detootod dostructive ecarthquakes thore, but thoy
ave probablo (§17), with focd at various dopths and oplsontral
zonos of various areus, oxtonding aleng the suspondod flank of
the fault, In consequonce of the doep ponetration of the plane
of the Karakul'! fault and tho groat dimonsion of tho scotion of
the earth's orust which hap undorgonc rising movomonts thore, it
may bo asoumod that tectonio displacemants along this fault and
thoir associatod oarthquakos occur veory soldem in thie zene,
ovidently more soldom than carthquakes caugsed by displacemente of
small blooks in the Gissar range, for which relatively amall
stroases are roquirods

In cortain othor ropions of Garm Oblast, and particularly
in tho boundarios of tho contral portion of the southern slope
of the Pater I range, in the basine of the rivers Surkhsu, Yezgan,
Dashtikavak, and othors, Tertiary sediments unbroken by faults
have dovelopeds Consequently, there is an aboence thore, in the

purface zonoe of tho earth's orust, of goologloal premisos for
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the ocourrence of dentructive garthquakeny but these sactdons
vi1l stdll underge 7w pnd Gpoint ghooke prococding from the
fool of carthqualkes vhich ccour in nolghvordny places on the
northern olope of the Petor I range and in the Mddle-Xhingeu
oploentral #ONCe The absence of fawlts in the surface zono of
tho earth's orust within the limite of the places noted above
does not oxcludo the poosible of oacurrence of carthquakes in
doopor aoneo of those torritories. Spooificallys it is prob=
able that displacomonts of the plastic rock atrate are ooouring
thoro, at polativoly shallow deptho, 4n foldo composod of Cro=
taooous and Paloogeno pediments (sco tho poologd.onl proﬂles).
Thoy may 01100 viook oarthquakes on the ecorth's purfaco.

In onalysing the nochanies of modern toctonic movoments voO
did not consider decp zones of the onrth's orust (doopor than 25
to 50 kilomoters) within tho powndaries of Garm Oblast, duo to
the abuonce of tho ansontinl dotailed data on thelr goological
componition. According o godpmotectonia informtion aveiloble
Lo ug, otrong carthquakes have not ocourrad during tho pant 50
yoars in these doop zones. Those doop zonos of tho carth's
epust aro; over a lsrpge seotion of the territory of Garm Oblast
north of the plano of tho Vakhoh ovorthrust (Flge 6), closoly
aonnocted toctonloally with tho southorn Tion Shand, with the
torritory of the 7eravshan-Gissar mountain pystom (95 11)s Doop-
foouned earthquakes are not typienl of the 1attor. Therofore
they ave probably also not typical for tho subjeet northern part
of Garm Oblast.

Deop soctions of this samo oblasts located south of the

plane of the Vokhsh ovorthrust, are closely connactod toetonlecally
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With the territory of the inner zene of the Panire (§@),
vhich also ineludes northern Afghanistan, Within its imits ve
knov of (32) infrequent strong deepelooused carthquakes; censew
quently, they are alse rosaiblo dn the goutheyn portden of Garm
Oblant, Rednoipally south of the lino of the Karakuy overthrust,
deee within the limite of tho Pamipg! dnnor gone proper. The
fool of these earthquaken ovidontly coour in g desp tootonie sone
of the enrth's oruoty, olonoly aonneatod with the Afpghan aeno,

The deep=Looused Afghan sarthquakes ocause woalk carthetronopy
in Garm Oblast which roach 6 points in oxcoptional ocuson, It 1g
probable that deop=roaunod earthquakes of the gouthern portien of
Garm Oblnot, olosoly connacted with thom torritorially as woly oe
gonotloally, will enuse tromora of nimilapy intonoity, In geonoral,
thoy will barely ehanpe the fienoral ploture of seinmicity of the
oblant, vhich 4n conditionod by movamonty of the surface soctions
of tho oarth's opunt and ropresontod on our map of selamie vorions
(Fipe 26),

A1l carthqualos occuring in the torritory of Garnm Oblast are
divided into soveral typoes, aocording to tho conditions of thoiy
oceurronce and alse thoip manifestations on the ogpth 's surface,
It 45 posaible to distinguish probable doop=Locusod earthquakes of
the Afghan types ocarthquakes of the Middle~Khingou type, corthe
quakes of the northopn slopo of tho Poter I rangoe closoly rulated
to them, vhich I shall call honcoforth Pri«Vakhoh earthquakes and
Glsear earthquakes of the Aprid 20, 1941 typos The first of those
as alroady noted, Frobably ocour seuth of tho 1ine of the Karakul !
ovorthrust, Theiy origin is not elear %o uss They are connecteq
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territorially with decp sectiona of the Alpine orogenesis of
centyal Aeda (11)e On the earth's 'i\u-faco these earthquakes
are of narmally amall Intenslty and extond OVOr CNOrmOuUS aroas
of uneven shape, not nonneatsd with the ghapes of aurface goo~
loplanl phrusiurens Thair fool ocour at dopths up to 100 or
150 kilovotora ox MmoRde

mklle-lthingou garthquakea euow in complox aurfnce Tolde
and are onnand W diuplacamonts of these /olds along the jplanes
of fadte which have developed betueon them, and in loauar dogroe
wlong Laults yhilch have dovolopod hotvoen those folds and tholy
baooa, Theuo oarthqualion are of large intenolty at the oplecntors
and srall-azon dentruetive shooka, oxtonding al the oarth'a puiw
fuao aleny the geclopionl sbyuoturos montioned gboves Tholr food
osoty ot doptho up bo L or § kilonotorae

Pri-Valkhsh oarthquolcos ooow® in tho base of Inddvidusl
aklfting parts of the tuelonlo covoving or innide Lt individuel

gompansnd folds, =hich o=

(Fige 17« A DBridgo of Tocal Construetion)
o e e A o .:1/

popionce meven loeal dioplaconcnise nmase aurbhqualies ors almst
the gome in tholxr menifontaiions on the carbh'e vurfaco us tho
dale-~hingou LyPos Thoir focl ocowr ob dopths up to 2 o 4 kil=-
onetiorse  Earthquekoes of tho Gisoazr type ocour along the planes

of steop und vortionl faulto with roclk mussos moving aleng them

undergoing riging.er dosoonding movementss Thoy are of lurge
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Intonsity at the epleentors and malatively vastearea dentruetive
shocke, extending along tha lines of various asteep tectento
favltos The depth of acourrencs of tholr Cecd reaches 15 to 24
ldlometors, infrequently moras The varleus types of earthquakes
notad above have heen ascwrring in Qarm Oblapt hetween 1294 and
1948 only wnder suitable peologioal conditdons, which we heok
into considerntion in carrying oul the determinatien of nolamle
rordona,

Foy dotormination of the extent of relative dinplaconnntny of
Individual sactionn of tho earth's orust in medorn toctonlo movew
monto, partioularly in onrthquakesn, larpo~nonlo mnooinl roodetical
moanteonanta, ombrreing the seuthorm slope of the Glonar ranpa,
tho Poter I range, and other vogione have Daen onrrlod ont in Corm
Oblaot with the author's particination, In rany aountrios of ax-
tromoly smell toctonlo nstlvity, for exemple, in Fmmnce, Ihmnpary,
and Finland, fluotuntions of the earth's owfaco in eortain plocos
vanch 3 or 4 millimotors o yoar (17, 26). In Garm Ohlast, within
whose howndaries movomonts of the earth's erust are considorably
mora intonolvo, wo may oxpoot at  prosont considersbly proater dlp=
plasomonte which 44 w1l probably bo poasible to mensure in thoe

course of subsoquont reodobical work in the noar future,
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19. Qenglucion

In the progess of our investigations 1% hae been determined
that carthquakes in Garm Oblast do not ocour everyvhore, but in
various eploontyel zones within vhose boundayies the greatest
dostyuctions ooour. Tho seismic aotivity of the various opi=
central zones is none=uniform! in some zones strong earthquekes
oocour often, in othore celdom, and in still othors quite Infre-
quently. Oortain seotione of the Middle-Khingou epiocentrnl rone,
partioularly the region of the villeges of Argankul' end Mionedy,
must be clsssified provieionally as plages of high, deotructive
geiemio aotivity, 1.0, places in which, according to g8, Vu
Medvedev'e definition (23), otrong earthquakes ooocur &t intervels

of 10 to 2% years and less.

The eploontral zone of the northern slope of the Peter 1
vange, in the region of the villages of Zyubet and Ortot, where
strong esrthquekeo ovidently ococur on an averege of every b5 or
50 yoars, is classified as & place of medlum activity. The ree
maining eploentral zones, inoluding the epicentral zones of the
Gisear range, have mainly o low destyuctive selemic activity, i.e.
within their boundsrieo otrong oarthquakes ooour at intervals of

more than 40 to 60 years.

In the various epicentral zones whioch ve have located, as &
rule, earthquakes of & definite type ooour, possessing varioue
typical proportions and aveas of maximum destruotion. Determina=
tion of the‘ peismic principles enumerated above wAkes easier and
less expensive the campaign egainet the dentyuotive effects of
strong selsmic shooks, by providing not foz: construction measures
in all placen, which is very difficult and expensive, but firetly

only within the boundaries of eplcentral zones discovered which

-0 -
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possege high and medium destructive seiemic activity, and seoondly
in all pointe of greatest population which are located in reglons
of 8+ and 7-point earthquakes, oven if these pointe axe loocated in
regions of lov selsmio aotivity, Thie is ospentinl beoause in many
of these points carthquakes may ogour 6t any, unknown moment, in=

oluding the years of the noay future.

During strong ecrthquakeo {n Tedzhikdetan, eepecially in Gaxm
Oblest, the basic centers of destruotion ave the villeges, in
yhich human beings and domestic animals often perich under collepaing
ptruotures, Villoge buildings are erected without obsorvance of the
most eopential anticoismic rules of oonstruotion, they are very um=
stable, and many of them ere destroyed oven in T=-point seionmio
shooks. The majority of these bulldingo &re of pise=desterre con=
struotion, with unstable valls and heavy earthen roofs, whose thiok-
ness in some casen reaches 0.5 %o 0.7 metern. Before these living
struoctures ere sheds whose thick carthen valls renot on one side on
the front walls of the bulldings, end on the other uside on poles,
somstimes not dug into the edrth hut merely set on it. In strong
pelsmic shooks these unstable roofs &re the first in ouch buildings

to crumble (8).

T shall take this opportunity to mention that until the present
time stendards of antiseismic kolihoz construction were not studied
and were not worked out (25)s It i obviously neoess&ry to develop
theso standards, taking into acoount local construction poseibilities
and the oustoms of loocsl inhabitants. ~These ptandards should then
pe introduced in the various eplcentral zones vhich we have noted,
1f not es obligetory at least in the form of recommendations.
8pecifically, these ptendayds ahould firast of all be introduced, as

already mentioned, in places of high and medium seismic activity,
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artioutarly in the BSLisovats e teumrpast. (dorm Bayon), Avgeniud
end Mionadu (Sangvor Reyon), and the ael'covet of Bayet (Tavil'dare
Rayon), end aleo in the velley of the river Burkhod. In building up
population points, they ghould be loocated faxr from earth=goverod
mountain elopes in order that in earthquakes they ghould not be in
the path of lendelides (13, %)

Developmont of inexpensive and simple methode of villege anti-
seiomic comstruction and the introduction of these methede of con=
ptruction in the plnoes which we pave mentioned will meke posoible
reduotion in the destruative offocts of the strong earthquakes whioh
often toke plece in the territory of Garm Oblact. In viev of the
eage with which modern teatonio movements end seipmic phenomena way
be observed in the territory of Germ Oblast it is posaible to solve
succennfully vithin itse boundaries many genernl yroblems of neismology,
partioularly the problem of the mechanias of the ooccurrence of earth~
quakes. (Editor's Nate: After this article vent to yress and had
been oot in type, & nine-point earthquake with yadius of 8=point
ohook 6 to 7 kilometers from the eploenter ocourred in 1949 along the
valley of the river Surkhob, based botween the mettlements of Khait,
Kaleylysbiob, end Dzhirgatel', i.0. in the sbove=noted (p. LT and
Fig. 16) eploentral zome, looated by the author with the seiamotectonic
method. )
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