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UNITED STATES 
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 

VARIATIONS IN REGIONAL TRAVELTIMES* 

by 

J. H. Healy-l<-* 

ABSTRACT 

Technical Letter 
Crustal Studies-16 

January 30, 1964 

Precise epicentral location of a seismic event is made difficult 

by variations in regional traveltimes. A discussion is presented on 

delays to be expected in the various segments of a generalized travel 

path of seis~ic waves. 

Traveltime variations caused by changes in crustal structure and 

velocity introduce a major part of the uncertainty in traveltime at 

both the seismic sourc~ and receiver. Consideration of geologic 

factors that tend to be related to crustal thickness and mantle 

velocity may permit an estimate of the amount of delay introduced at 

the source. Delay at the seismic receiving stations can be determined 

and corrected for by a study of crustal thi.ckness and a calibration 

of the velocity structure under the stations. 

* Work performed under ARPA Order No. 193-63. 
** u. s. Geological Survey, Denver, Colorado. 



· UNITED STATES 
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 

VARIATIONS IN REGIONAL TRAVELTIMES* 

by 

J. H. HealY** 

INTRODUCTION 

Technical Letter 
Crustal Studies- 16 

January 30, 1964 

The precise location of a seismic event requires detailed 

knowledge of the regional traveltimes between the event and the 

recording locations. The determination of these regional traveltimes 

is one of the major problems facing a seismic - detec tion system. 

Early seismologists were impressed by the apparent symmetry of 

the earth as revealed by seismic waves from earthquakes. Jeffreys 

and Gutenberg independently developed traveltime tables which predict 

arrival times from distant sources with deviat i ons t hat are usually 

less than 2 sec. Recently, seismic waves from large explosions have 

revea led systematic variations in regional traveltimes. For example , 

the GNOME explosion produced traveltime residuals of about -4 sec at 

2000 km to the east and traveltime residuals of +2 to +7 sec at 

2000 km to the west of the shot site. Travelt i me variations of t hi s 

magnitude prevent the determination of accura te locations of seistnic 

events. When accurate locations are needed, some way to correct for 

traveltime anomalies must ·be found. 

* Work performed ~nder ARPA Order No. 193-63. 
** U. s. Geological Survey, Denver, Colorado. 
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A major effort i s being made to locate and map regions of 

anomalous traveltimes. Many areas in seismology are contributing to 

these studies. These include direct measurement of traveltimes from 

nuclear and high-explosive so~rces, the measurement and analysis of 

body-wave phases ort earthquake seismograms, and worldwide studies 

of surface-wave dispersion, 

Much work remains to be done before we can adequately define the 

variations in regional traveltimes, but we are now able tp make an 

estimate of the magnitude of these variations and an estimate of the 

relative importance of the different segments of the propagation 

path. 

VARIATIONS IN TRA VEI.TIME 

To discuss the St.Jbject of traveltime variat i ons in an orderly 

way, a typical generalized travel path has been di vided into 

segments {Fig. 1) as follows: 

1. Near-surface low-velocity rocks. 

2, Upper crust of granitic to dioritic composition, 

3. Lower crust of gabbroic composition, 

4, Mantle, 

a, Upper mantle. 

b. Deep mantle. 

The zone of near-surface low-velocity rocks represents the 

shortest segment of the travel path, but contributes a significant 

proportion of the traveltime variation, An estimate of the relative 
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Low Velocity Rocks at Earth's surface 0-5 km 

Upper Crust- granitic to dioritic 

composition, velocity 5.9-6.4 km /sec 

5-30 km thick 

Lower Crust- gabroic 

composition, velocity 6.6-7.3km/sec 

0-30 km thick 

Wave Path thru Upper Mantle 

Wave Path thru Deep Mantle ----•'- Upper Mantle- unknown compositior 

velocity 7.8-8.4 km /sec 

~· igure 1. --Schematic diagram of t h e travel path of seismic waves. 



impor t ance of various segments of the travel path can be made from 

measured se ismic traveltimes . Table 1 is a summary of a number of 

s ei smic-refraction profiles r ecorded by the U. s. Geologica l Survey 

i n the western United Sta t es. 

The times o f first arriva ls on each profile can usually be 

app~ox ima t~d by a f ew straight lines whose equa tions are presented 

in t _e table i n the f orm : 

distance in km 
Traveltime = Zero i ter cept time in sec + apparent velocity in km/sec 

The time spent by a sei smic wave in each layer can be estimated 

from t he zero i ntercept time because the time of the refracted arrival 

for f l at l ayers is given by : 

=c 2hi 

~r T 
i = 1 

v. 
1 

where v. = Vel oc ity of ith layer 
]. 

VN = Velocity of r e fracting 

h. = l. 
Thickness of ith layer 

By comparison with (1), we can see that 

l ayer 

at the 

N - 1 
> 
i = 1 

+ _x_ 
VN 

shotpoint 

vi 

is a measure of the time spent in the layers above the refracting 

hi(J)rizon . 
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Table 1.-- Time-distance data in t er ms of i nt ercept times 
and apparent velocities 

Profile 

Santa Monica, Calif., to 
Lake Mead, Nev. 

Lake Hea d, I ev., to Santa 
Horde a, Calif. 

Santa Monica, Calif., to 
Fallon, Nev. 

Mono Lake, Calif., to 
Santa Monica, Calif. 

Mono Lake, Calif., to 
Fallon, Nev. 

Fallon, Nev., to Hono 
Lake, Calif. 

Fallon, Nev., to San 
Francisco , Calif. 

San Francisco, Calif., to 
Fallon, Nev. 

Fal l on, Nev., to Eureka, 
Nev . 

Eureka , Nev., to Fallon, 
Nev. 

Santa Monica, Calif., to 
Fallon, Nev, 

China Lake , Calif., to 
Santa Monica, Calif. 

China Lake, Calif., to 
Fallon, Nev. 

Fal l on, Nev., to Santa 
Honica , Calif. 
(east of Sierra) 

6 = distance in km 

1. 7 + tJ6.) 

o.6 + 6/6 .1 

1.9 + I.Y 6.1 

1.0 + 6/6.1 

1.4 + 1.':/6.1 

1.6 + I.Y6.1 

1.4 + 6/6.2 

-0.2 + tJ 5.4 

1.7 + tJ6.1 

0.7 + 6/6 .0 

2,0 + 6/6.1 

1.4 + 6/5.9 

1.4+6/6.1 

5 

Intermediate 

Not as first 
arrival 

2.8 + 6/6 .3 (?) 

3· 5 + 6/6.6 

3.9 + & 6.7 (?) 

).) + tJ6.6 

) .6 + &6.6 

4.5 + &7.9 (?) 

7.2+&8.1 

8.0 + t/8.0 



Table 1.-- Time-dist ance da ta in t er ms of int ercep t times 
and apparent velocit ie s (c onti nued) 

Profile 

San Franc isco, Ca lif., to 
Camp Roberts, C~lif. 

Camp Roberts, Calif., to 
Santa Monica, Calif. 

Camp Rober t s , Calif., to 
San Franc isco, Calif. 

Santa Monica , Calif., to 
Camp Roberts, Calif. 

Eur eka, Nev., to Mountain 
City, Nev. 

Mountain City, Nev., to 
Eureka, Nev. 

Elko, Nev., to ~~untain 
Ci ty, Nev. 

Mono Lake, Calif., to Lake 
Shasta, Calif. 

Lake Shasta, Calif., to 
Hono Lake, Calif. 

Ki ngman, Ariz., to NTS 

Mono Lake , Calif., to 
Lake Head, Nev. 

Lake Mead Nev., to Hono 
Lake , Calif. 

Ludl m-1, Calif., to NTS 

Ludl ow, Calif., to Hojave, 
Calif. 

Mojave , Calif., to Ludlow, 
Calif. 

6 = dist ance in km 

p 
g 

L6 + & 6.1 (?) 

1. 3 + f':/ 6.1 

1.5 + & 6.1 

1.6 + &6 .1 ( ? ) 

0.3 + f':/5.9 

0.2 + D/5.9 

0.8 + & 5.9 

1. 7 + f':/6.25 

1.0 + tJ6. 5 

o.4 + tJ 6.o 

1. 3 + tJ6,05 

1.2 + f':/6. 3 

1.0 + f':/6. 3 

1.4 + D/ 6.15 

o. 7 + D/ 6.0 

6 

Intermediate 

3. 5 + D/6.85 

6.2 + ['j 8.0 

5.7 + t:/ '7.9 {?) 

7.8 + D/8. 45 

5·5 + D/7.9 

No veloc ity higher 
than 6. 85 rec@rded 
as fir s t breaks . 

8.3 + tJ7. 8 

8.0 + 6/ 7. 9 

5·9 + D/7.6 

7.4 + f':/ 7.8 

7.4 + f':/7.9 5 

5·7 + f':/7.8 

6.9 + f':/8. 25 

5.6 + f':/7. 7 



Table 1.-- Time-distance data in terms of intercept times 
and apparent velocities (continued) 

Profile 

Bars tow, Calif., to 
Ludlow, Calif. 

Navajo Lake, Utah, to NTS 

l .ake Mead, Nev., to Eureka, 
Nev . 

Eureka , Nev., to Lake Mead, 
Nev. 

Mono Lake, Calif., to China 
Lake , Calif. 

China Lake, Calif., to Mono 
Lake, Calif. 

Mountain City, Nev., to 
Boi se, Idaho 

Boise , Idaho, to Mountain 
City, Nev. 

6 • distance in km 

+--·--p-g--- --t---1-nt. ermediate . I Pn 

0.5 + N5.7 Hi gher velocity recorded but not 
enough points to establi sh a 
velocity. 

1.3+!.Y6.1 

0.6 + !.Y6.2 

o. 7 + 6/6.2 

1.5 + 6/6.1 

1.1 + t:/6.1 

0.1 + 6/5.4 

o.o + !i 5.0 

No higher velocity determined d~e 
to weak arrivals. 

4.7+6/7.2 
(Determined 
from only 3 
point s) 

7.7 + /i 7.9 

No higher velocity recorded . 

Do. 

2.6 + 6/6.8 

2.1 + ti6 .7 

( The f ollowing profiles are from intermediate shotpoints and the profiles were 

not intended to be long enough to record arri a1s other than Pg.) 

Elko, Nev., to Eureka, Nev. 

Lathrop t-lells, Nev., to 
Lake Head, Nev. 

Lathrop Wells, Nev., to 
Mono Lake, Calif. 

Li da , Nev., to Mono Lake, 
Calif. 

0.9 + ti6.o 

o.8 + ti6.o 

1.4 + 6/6.2 

Not sufficient number of points to verify veloc ity . 
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Tal>le 1.-- Time-distance data in terms of intercept tim s 
and apparent velocities (continued) 

.6 = dis tcmcc in km 

p n 
Profile --·---·--c-~--- --··- ·-·--· ·ri1t"~~;~eci iai:·e·--

- ------------- -- -----·-·!- --·-- -·- ----;----------
Barstow, Calif., t0 M0jave, 0.5 + LV6.o 

Calif. 

Hiko, _Nev., to Lake Mead, 
Nev. 

Hiko, Nev., to Eureka, Nev. 

Independence, Calif., to 
Mono Lake, Calif. 

I ndependence, Calif., to 
China Lake, Calif. 

c. J, Strike Reserv•ir, 
Idaho, to Mountain City, 
Nev. 

c. J, Strike Reservoir, 
Idaho, to Boise, Idaho 

o.6 + LY5.6 

o.B + LV6.o 

0.6 + t:J 5·9 
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Examination of the intercept times for the Pg arr ival in Table 1, shows 

that the intercept times vary from -0 .2 t~ +1.7 sec for a t otal range of 

varia tion of 1.9 sec. The average of an the intercept time s is 1.0 sec, 

and the mean variation is O.h8 sec. 

To estimate the time spent by a seismic wave in the deeper crusta l 

layers, it is necessary to make a correction for the l ayers above. This 

could be done for all the crustal ltlyers that give prominent refraction 

arrivals, but the data from intermediate layers a re usually inadequa te. 

The refore we will consider the total time spent in the crust between the 

near- surface low-velocity rocks and the Mohorovicic discontinuity. 

A reasonable estimate of traveltimes through the crust can be made 

without a detailed knowledge of crustal velocities, but it should be 

noted that detailed knowledge of the velocity structure in the crustal 

rocks is needed to understand the amplitude and arrival times of certain 

important secondary events. 

To estimate traveltime in the crust, we use t he intercept times 

of the Pn arrivals and correct them for the time spent in the near-surface 

l ow-velocity rocks. An exact correction would r equire knowledge of the 

velocity and structure in the near-surface materials at the source and 

at all detectors. This information is not ava ilable . An approximate 

correction can be made by taking the corresponding i ntercept time for 

Pg and assuming that this intercept time would apply over the length of 

the profile. This traveltime for Pg can then be converted to an equiva l ent 

traveltime for Pn by reference to the graph ( Fi g . 2), which gives a relation 
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between Pg, P*, and Pn traveltimes in the near-surface low-velocity rocks. 

The relatlon was derived using an average velocity-depth function for near m 

surface rocks {Eaton, 1963). 

This correctio~ was made for all the profiles with Pn intercept times 

in Table 1, but the correction is not included in the tabulated values. 

The resul ts from 25 profiles show intercept times ranging between 4.4 sec 

and 7.2 sec, or a maximum var i ation of 2.8 sec . The mean of the 25 

traveltirr~s i s 5.86 sec, and the mean deviation is 0.8; sec. 

These results are strictly applicable only to a crust that can be 

described, by a series of layers with 'plane bo~ndaries, but they are 

approximately applicable to more complicated str uctures, in which the 

intercept times equal the sum of the delay times for the crust at the 

source and at the receiving station. 

Two situations are considered for the travel path through the mantle: 

1) where the di stance from source to receiver i s somewhat less than 1000 km 

and the path is through the . upper mantle, and 2) where the distance is 

somewhat greater than 1000 km and the travel path is through the deep 

mant le. 

Wave speeds in the upper mantle have been measured at numerous 

places in the United States (Fig. 3). Wave-speed variations between 

7.8 and e.2 km/sec are _common, and larger variations are possible. 

The time ~ariation depends on the distance traveled and is about 

6 sec/1000 km for speed differences of o.4 km/sec . 

Traveltime variations along the travel path in the deep mantle 

appear to be small, usually less than 2 sec. However, waves traveling 

11 
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Figur e 3. --Map of t he Uni t e d Sta tes sh0111ing geologi c p1:ovince s a ft er Fen.neman' s Phys ical Divisions 
of t he Untte d Sta t es ( 1946 ) . The l oca ti on of seismic profUe s and the apparent veloc it ie s 
of Pn arriva ls a re indi ca t e d . Some very recent work is not plotted, and the r eade r i ~ 

r e fer red t o Steinhart and Meyer _( l96l ) t or a compl e~e c ompi l ation of data r epor ted pr i or 
· to 1966. 

l. Super i'or Up land Southern par t of t he Canadian Sh i e l d, a centr a l stable r eg ion. 

3- Coastal Plain. 

4, 8, 9 · Appa lachian High l ands - An ancient mountai n sys t em simi l a r t o the Ural Mount ains i n the 
Soviet Uni on . 

12 . Central Lowland - A relat ·vely s t able area since Precambrian t i me; pos sibly s i mi l a r to t he 
Russ i an Plat f orm. 

13. Great Pl ains - Simi l ar to the central lowlands, but at a higher gene ral e l evat i on . 

14. Interior Hi ghlands . 

17 . Rocky Mountai n System- A major Cenozoic mountain chain. 

20. Columbia Pl ateaus - An area composed of volcanic rocks, primari l y basal ts. 

21 . Col orado p l ateaus - A rela t ively stable region since t he Precambrian . 

22 . Ba sin and Range province - Extensive volcanism an4 block fault i ng during Cenozoic time. A 
region with re l atively thin crust and low-mantle velocities. 

23, 23d . Cascade-Sierra Mountains - A major Cenozoic mountain chain. 

24, 24e. Pacific Border province · - Late Cenozoic deformation forming coastal mountain ranges and 
major bas i ns. 



t hrough t he deep nwnt l c ha ve hi~her ap parent ve l oc ities at t he sur fa ce 

t , <'n ~vn ves t raveling in the upper m::.ntle , so n iven varia tion in 

t r<we ltime will resul t i n a l arger error i n loca tion . In t he extreme 

case , where sour ce and r ece i ver are on opposi t e s i des of t he earth , 

t he apparen t ve l oc ity becomes very l vr ge nnd an uncer t ainty in 

· is fr: Mm::e o f t housands of kil ometers may r esul t. Because there are 

f ew c !())nt r olled experiments \vhe re both the time and position of t he 

sot~rce are knovn, a precise es tima t e of de ep- man t le t rave l time 

nria fcions cannot be made , 

The ca li. brn ti.on o f__!_~_gj._Qna l_!:rave ltimes . It can be seen from 

Table 2 t ha t t r avelt i me var ia t ions i n the near- surface rocks r epr esent 

an appreciable f ract ion of t he to t a l possible t rave l time varia tion . 

These times , of cour se, a r e made up of t\.;o parts ; t he part which 

occurs a t the sour ce , if t he source i s on t he surface , E1nrl the p<1 rt 

wh ich oc curs a t e <tch r ece i ver. The time de l ay a t t he source cannot 

be estima te d ; hm"ever , re l a tively simp l e measurement s can be made t o 

correc t for uncerta i nt ies introduced into t he travelt i me s in t his 

layer a t t he recording pos i t ions . 

Traveltime variat i ons caused by variat i ons in crus t al s tructure 

and veloci ty intr oduce a ma j or fr action of t he uncertaint y i n t ravel ­

t i mes . These times ar e i ntroduced both by the pnth t hrough t he c r us t 

a t t he sourc e and by t he path up t hr ough t he c rust a t each r ece i ve r . 

Cons iderat ion of geo logic fac t ors t hat t end t o be re la t ed t o crus t a l 

thickness may per mit an estima t e of t he amoun t of de l ay introduced 

a t t he source by crusta l thicknes s varia tions . 
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·Tab l e 2 .-- i~ l1Hll1W ry of trnv cltiu1c V<lriDti.ons 

·--------.. :-·---.~~ .. - ___________ ,.. _____ ____ _.. _. - . ·--,- .... --- .. _ .. --~---- ..,.__....__.,- -- ..... -----... 
l 'ortion of Averag e Re n . nab le li111 i t:s I Hea n 
_!;rtl_vel pnt:_f1 _____ ~- ___ tt.§!._V£LU..!!1.e_ -··-T--··- L v~ ri~.Hs>!l._ .__ ~Vt~ ri~ tion,_ __ _ 

Nea r surface layer - - ~~~-secon._:_ __ j ·-~- -o_. ~ t~-:1~-_:~-- 0.48 sec 

CrustA l rocks 
- nea r sur face 
l <1 y er 

5.86 s econd 

.. -----.. - · . --- . . .. . . . _,_ . . . . 

4.4 to 7.2 sec 

Upper mantle Distance/8 , 0 Dist Dist 
7.7 8:3 

Deep mant le 

------·--------· ... ---
* Es timnted ( mean va riati on ho~s ~trong r es i ona b i of ) , 

of: Es timated from c i".rt hqu.:1 ke dlltn . 
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0 . 83 s<:c 

3 sec: /1000 km* 

( 1 t o 2) 
_,. 

sec 



At each r c ci \ i ng s t At i on it i. poss i ble to t•l.:t e t;:ennn:emcnts t h<~ t 

o ou l <l J. c , d t o con:c c t .t on .· f r v.:> t' i<tt i0ns i n c r u s t ~ th i c n<>ss , The 

me a suremen t s 1 re cor s i d r nb Jy mor e •l 1 or nt e t hn n the measur ement s 

nccc s snry ~o cor r ec t f or t he few k ilrn ~ t c r· of nca r - surface mat erinl, 

bu t they could be wndc in n l.' Cl !.lti.v ly si111plc 11<' t t ct· in •·cccss i b l 

t err i t ot-y . 

The se cor r ec tions [ r t r Dvc.: l t i r·lCS t hr ur,h the cr H' t and th r ough 

t he lmv-velocity m, t er ' a l n t t he _ ur fll ~e sho ld remove a la r ge par t 

of the uncerta inty in t r ave l t i mes , but, t he mos t - ser i ous poss ibl e cau se 

of error s till r e rt in _. . It a r i s e s i n t he s it ua t ion whe re aves n r c 

r ecor ded through t c upp r man t l e i n a rea s ~vh ic h d i s p l ay a regiona l 

b i <ts t n tnwc l.ti.m s . 11 .r n t· tl·lO p . s i. hi li t i cs for cor r ec ti ng 

de via tions in trave l. time s r ecul t in f rom r egiona l vnr i nti ons in 

ma ntle velocities, One i s by direc t mea . ur emcnt s of mantl e ve l oci t i e s 

in the region of int er es t, ' hi s mi ght be done by l arge ca l i bra t ion 

shots, by direct me asurement with cru s t a l- re f r ac t i on profi.l .s , or by 

s tudi es of travelt i.mcs of ea r thquake s be t wee n seismogr aph s t a tions 

i n the region, 

A second pos si bil'. t y , the pos ·i b ilit y of n [. oloeic a l bn s · s f or 

c a libration a ri s e s f rom t he f a t tha t wo r k in t he United Sta t es seems 

to show a rel a tionship be t t-Jcen t he pr ope r t i es of t he mantl e a nd 

surficia l eeolo ic fe a t ure , Although a t pr sen t t hi s rela tionshi p 

is hypothetica l, it may prove to be a usefu s uppl ement t o othe r eans 

of ca libration. Figur e A how .., l: 1 l oca tj on · of som c n ts t a l r e f r acti. on 
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profiles in the U. s., with the apparent velocities of mantle arrivals. 

~ tent a tive conclusion tha t may be drawn from the map is tha t regions 

Hhic h have had stable crust s since Precambrian and perhaps more recent 

times tend to have higher mantle velocities, and regions that have been 

active in Cenozoic and perhaps older times tend to have lower mantle 

veloci t ies , Further evidence of the relationship between surface 

geologic f ea tur es <nd crustal struc t ure is found in the major changes 

i n crustal structure or mantle velocities at or near boundaries 

between previously recognized geologic provinces. Most prominent of 

these features is at the ocean-to-continent boundary which is a zone 

of unusually profound change in cru s t a l structure, In the United States, 

changes in crustal structure have been found along the eastern margin 

of the Sierra Nevada, at the boundary between the Snake River Plain and 

Basin and Range province, at the boundary between the Great Plains and 

the Rocky Mountains, a t the boundary between the Basin and Range province 

and the Colorado Plateaus, and across the San Andreas fault. It is 

difficult to tell whether these changes occur precisely at the previously 

rec ognized geologic boundary, but it seems that in the cases mentioned 

the changes in the structure of the c r ust and in the mantle velocity 

occur within 20 to 30 km of the geologic boundary. 

To illustrate how a comparison of crustal structure in the United 

States might be used to estimate possible crustal structure in the Soviet 

Union, a map of the Soviet Union ~.,ras divided into geologic provinces 

according to Nalivkin (196o). Locations of some Soviet crustal refrac­

tion profiles have been plotted on the map (Fig. 4). 

16 



Figure 4.-- See facing page for caption. 



Figure 4.--The location of. some seismic-refraction profiles in the Soviet Uni c;m \vi th rep or ted 
mantle vel oc itfes . The principal geologic provinces of the Soviet Union are f rom 
Nalivkin (196o). 

I • . Russian Plat f orm 
II. Siberian Platform 

III. West Siberian Lov1lands 
iV. - Ural Mountains 

VA. 
VB . 
VI. 

VII. 
VIII. 

Western Arctic 
Timan and adjoining regions 
Angara Geosync line 
Central Asia 
Mediterranean Geosyncline 

IX . 

X. 
XA . 
XB. 

North- ~,!es tern Border 
of the Mediterranean 

· Geosync;line 
Paci fic Ocean Geosyncl ine 
Kimmer ian Zone 
Alp ine Zone 



J'c ;; ion I in the Soviet Un ion is the l ~ussinn l' l .1 t form . This i s n 

br. o:1 d .:TC <T of Prec.:1mbrinn rocks ( th<1t is, rocks more than 500 million 

yea rs old) overlain by younger, relatively undisturbed Pnleozoic 

sedimentary rocks, Such a n are a mi ght be compared "t-lith much of the 

centra l United States, 

Reg i on II, the Siberian Platform, an elevated area with exposures 

f Precambrian rocks; has some similarity to Ninnesota and northern 

\Hsconsin. 

Region III, the Hest Siberian Lmvlands, is a broad area of 

comparatively recent dmmbuckling or sinkint;, and T,ay be simil .:lr to 

the northern part of the Gulf Coastal Plain in the United States, 

J:c r; ion IV, the Ura l Hountains, is nn eloneated folded mountai n 

rnnf: c similar in uwny re spect s to the Ap pn l [lchinn t-·lountains. 

These comparisons [Ire to a l nr gc e x tent s peculations . A prope r 

compa rison l·Jould requir e a detailed study of t he geolog ic fc <~ tur C' s o f 

both countries nnd a considcrntion of mnny f actors lvhich must be omit te 

here. The information for such a study is a va ilable in the litera t ure , 

nnd such comparisons \voul d be relntively silllple to derive c omp;.n·e d \vith 

other difficulties frci nB n n i n~rcction system . 

'J.'il i s r .:, thcr brief nnd s p ec u l n tivc c o1 npnr i s on i ndic n t cs t h <1 t J <1r gc: 

:- rcn :: of the Soviet Union pt·oi> .:J bly h.1vc uniform cru s t <1 l s t t·uctu rc :-nd 

1'1 <mtlc velocities, as indicated by the [;tc t tha t the cru s t in th r sc 

n rcns nppc nrs to have been relatively s tab le clurinr, much o f t he ti rne 

r:ince the close of the rrccrnnl>rLm . 
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Recognit ion o · r ec ntly-act:i.ve t ecto i c r egi ns v1' ll enabl e us 

to define areas'of ifficul ty f r crust al - structure calibration within 

the Sovie~ Union . 

RECOMMENDAT N' 

1. In the past, too little considera t i on has been given t o the 

materia l immed i a t ely under e·ch se ' smi.c station , It ."eems likely 

t h (: a s ignific ~ nt i mprovement in t h accuracy of travel t imes can be 

made by a re latively s imple calibration of t he ve l ocity structure 

under a seismic s tation . S·ch calibration shoul d be consi der ed for 

all ma jor stations . 

2 . A somewha t la rge r traveltime uncer ta inty may be introduced by 

variations in crus t a l t hic knes s under se ismic stations . This is 

par ticul arly important in. array s t ations , where variations i n crus tal 

structure may limit the effectiveness of an array by distorting the 

apparent vel ocities and changing th apparen ang e o f approach of the 

seismic energy. Calibra t ion f or crusta l st ruc t ur e may not bo possible 

at a ll stations , but certainl y t he critical station~ should be 

calibrated for t he crustal nder t hose s ations. 

) , The variations i n sei smic v locities in the upper mantle ca n 

introducl'! variations in t r aveltimes which l<li11, i f not cor rec ted, lead 

to serious errors i n the l oca t i on of seismic ev nts, Direc t mea surement s 

of upper-mantle velocitie s a re r equired fo r accurate 1 cations , but 

t.;here direct meas uremen t s ar e i mp oss · ble or are r estr i c t ed,, an es t imate 

of upper-mantle veloc i ties may be p ss i ble by studying s im ' l ar regions 
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in other part s of t he world . It i.s reconunended that measurements of 

crusta l s tructure and mant le ve l oc ities be made in a wide varie t y o f 

geol ogic pt·ovinces, and t hat attempts be made t o use these data t o 

predict crustal struct re and mantle ve ocities in reg i ons that ar~ 

inaccessi 1 • 

h. he t ravel paths through t he deep antle seem t o have l ess 

variation in travel times than the trave l paths through the upper 

mantle . Hotlfever , t here are only a limite number of experiments 

t-Jhich can be used for a direct es timate of deeper mantle travel t imes 1 

and t raveltime variations . Any uncertainty in traveltimes through 

the deep mantle result s in larger errors :i n l oca tion b cause of the 

higher apparent velocitie of t he arrivals. Therefore , it is 

reconnnended t ha t attention be given to tudies of t r vel times through 

the deeper mantl e . 
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