2.3 VELOCITY STRUCTURE OF THE EARH

In the following years, increasingly sophisticated models wenesldped. Itbecame possible to
compute trael time cunes for media whereelocity varies continously with depth so ray paths are edirv
and rays "bottom" at some depthhese seismological obsations preide the primary data for our vie
of the basic features of the easthélocity structure.

The Moho marks the sharp transition in seisneiloeity between the crust and mantléhe mantle is
divided into anupper mantleand alower mantleboth of which hae snooth \elocity gradients.These
upper and lwver mantle rgions are separated by the martignsition zonewhere \elocities increase
rapidly with depth.Below the core-mantle boundar¢fCMB), the core is dided into anouter coe and an
inner coe separated by thaner coe boundary(ICB).

This picture, an essentially layered earth composed of a thin crust, a mantle, a liquid outer core, and a
solid inner core, iséy o our thinking about he the earth eolved and operatedMore generallyby estab-
lishing the essentially layered structure of the earth, seismologidpsothe primarywadence for the pro-
cess of difierentiation by which material within planets becomes compositionadisegated during their
evdution.
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Seismic vaves can trarel between a source and regiaong multiple paths. Hence seismograms
contain map arrivals, or phases,corresponding to dérent trael paths. Thisidea is illustrated belo
shaving a fav of the phases that are obssiivand some of the corresponding ray pathé.the phases
shavn arebody waveshat travel through the eartk'interior,



Figure 3.5-5: lllustration of various body wave phases.
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Seismic phases are named based on their paths through the earth. The-waeetand Swave
arrivals are denotetP" and"S". Another class of awals involve resections at the earth'surface. TheP-
wave arival corresponding to a single sade reeection is calle®P, that for two resections isPPP, and so
on. Similarly SSandSSScorrespond t& waves resected at the suaice. Becausk waves can cowert to S
waves and vice \ersa,PSis aP wave mrverted to anSwave pon suréce reeection, an&Pis the reerse.
Consideration of the ray paths sfethat the treel time for PP at a gven distance should be twice the
travel time of P at half that distance, i.e., to a point manbetween the source and reeei Smilarly, the
travel time for PPPshould be three times thewehtime for one-third the distance.



Because earthquek occur to depths of 700 km, seismic ray paths go up from eartdsqaskvell as
down. Lower-case p" and™s" identify upgoing compressional and sheave. pP goes up as B wave
and reeects near the epicentahereassP goes up as aB wave and corwverts to aP wave & the suréce.
These resections are useful because theettame difference between direBtandpP, for example, indi-
cates the depth of the earthgealdfter an upgoing averesects at the free sua€e it can undgo later
conversions, s@PPR sPS,etc. are possible avdls.



Body wave phase nomenclatue

Name Description

P Compressional ave

S Shear vave

K P wave through outer core

I P wave through inner core

J Swave through inner core

PP Pwave reeected at sudce

PPP Rvave resected at sudce twice

SP Swave reeected at sudce ad® wave

PS Pwave reeected at sudce asS wave

pP Pwave wpgoing from focus, resected at sade

sP Swave pgoing from focus, corerted toP at surhce
c Wae resected at core-mantle boundary (€S£S

i Wave resected at inner core-outer core boundary (B§iKP)
P¢ Abbreviation for PKP

PqorPgir  Pwave dffracted along core-mantle boundary

After Bolt [1982].

The contrast in properties between the solid mantle and the liquid core, whiclveagelocity than
the mantle abge, makes the core well suited to seismological study using resected, transmittedrtedn
and difracted arnvals. Coreresections are of great interest because the core-mantle boundary (CMB) is a
solid-liquid boundaryand thus a strong reeector for sheaawes. Reeectionsoff the CMB are denoted by
a lower-case'c," so ScSis anSwave reeection andPcP is aP wave reeection. Cowersions at the CMB
also occur ScPgoes dwn through the mantle as a sheaaverand returns as a compressionave
whereasPcSdoes the neerse. Somephases undgo multiple reeections at both the core and the aef
ScSSc¥or ScS2 bounces twice at the CMB and once at theasugf Such reesections are kmn as multiple
ScS ScSis a more distinct awal thanPcP because the liquid core does not transmit shesesy TheSH
part of the motion in the incideStS

In fact, the ray path names (SCS, etc...) aagswve humans use to think about a compbdtern of
seismic vaves propagating in the earth. What really happens is that a coagglées of vavdronts are gen-
erated within the earth.

The mantle has been found torbamportant elocity structure as well, from detailed studiéslow
velocity zoneexists between about 100-200 km depWelocities increase smoothly through the upper
mantle, to a depth of 410 knThe mantle transition zone, from about 400 - 700 km depth, contains depth
intervals, knavn as discontinuities, near 410 and 660 km whereelacities increase rapidlyThese inter
vals causdriplicationsin the trael time cune & hown belav. Although these gons are often referred to
as the 410 km and 660 km discontinuities, the@ce depths ary from place to place. From about 769
2890 km depth theelocities increase smoothly throughout thesdo mantle. At about 2890 km, the
velocity drops sharplyand theS velocity goes to zero, corresponding to the liquid outer cdilee outer
core etends to a depth of about 5150 km, beneath which the solid inner core has higbiies includ-
ing a Enit&wavevelocity. As we will see, these ariations in elocity with depth are thought to reeect
important changes in the ydical, chemical, thermal, and mineralogical state of the materials present.






