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PROBING THE INTERIOR of the earth to 
figure out the processes that deter

mine its surface configuration has been 
a daunting problem for modem tech
nology. But a recently developed tech
nique combining seismology and com~ 
puter modeling techniques has enabled 
scientists to construct images of the 
earth's crust and mantle down to the 
core-mantle boundary and to begin to 
understand the convection mecha
nisms in the mantle that drive the 
moving plates of the crust. 

Seismic tomography was adapted 
from medical technology - computer
ized axial tomography, better known 
as the CAT scan - that has allowed 
the three-dimensional imaging of the 
inside of the human body. Robert 
Clayton, assistant professor of explora
tion geophysics, pioneered the applica
tion of tomographic techniques to the 
earth. A CAT scan uses x-rays, which 
are variously absorbed by the different 
densities they pass through, to image, 
say, the brain. The computer is used 
to reconstruct a three- dimensional 
picture of the density by creating a 
composite of the information mea
sured from many ray paths onto a grid 
of cells. High-resolution pictures can 
be achieved if the experiment contains 
many crisscrossing ray paths. 

Instead of x-rays, seismic tomogra
phy measures the velocity of the waves 
generated by earthquakes that travel 
through the earth; the rate at which 
these waves propagate is affected by 
the rigidity and compressibility of the 
material they are traveling through. 
They travel faster through denser, or 
colder, rock. Signals recorded from 
various earthquake sources at arrays of 
seismographic stations, both local and 
worldwide, provide the crisscrossing 
network of rays necessary for a three
dimensional image of the intervening 
space. 

Using seismic data from local 
earthquakes recorded on Caltech's 
southern California seismic array, 

Clayton and his colleagues have 
mapped the crust below southern Cali
fornia to 30 km; teleseismic, or more 
distant, events, recorded on the south
ern California array provide clues to 
the underlying mantle (to 500 km); 
and a worldwide network of seismic 
instruments is providing a picture of 
the earth's mantle down to the core 
boundary at 2900 km. The cells deter
mining the resolution of the crustal 
study are 5 by 5 by 15 km; the upper 
mantle was imaged with a resolution 
of 50 by 50 by 50 km, and the global 
study at 500 by 500 by 100 km. 

Clayton and Thomas Heam (PhD 
1984) delivered a paper on the first 
seismic tomography crustal maps of 
southern California at the December 
meeting of the American Geophysical 
Union. They used two types of waves 
to obtain images of the crust at two 
depths: Pg waves, which dive down 
into the mid-crust at 10-15 km and 
back up, and Pn waves, which dive 30 
km to the edge of the mantle (the 
Moho discontinuity) and travel along 
it before returning to the surface. 

Travel times of approximately 300,000 
waves were measured from earthquake 
sources within the southern California 
array (an area about 400 by 500 km) 
to their recording at the array's more 
than 200 seismographic stations. 

The middle of the crust, according 
to Clayton and Heam's findings, is 
intimately related to the surface tec
tonics, and, in fact, the tomographic 
maps show features recognizable to 
anyone reasonably familiar with south
ern California's surface geology. The 
San Andreas fault shows up as a sharp 
boundary with rocks on the eastern 
side characteristic of the less dense 
American plate, while that on the 
western side exhibits its origin in the 
Pacific plate. The Garlock and San 
Jacinto faults are also clear at this 
depth, but, surprisingly, the Transverse 
Ranges, including the San Gabriel and 
San Bernardino Mountains, are not 
visible as deep as 10 km below the sur
face and probably consist of rock that 
has migrated from elsewhere. 

The lower part of the crust seems 
to have no immediately recognizable 
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Velocities of Pg waves under southern California show a clear relationship between the 
mid-crust (at 10-15 km) and the surface features. The San Andreas fault marks a sharp 
boundary at the denser (shaded) rock of the Pacific plate. 

29 



FAST: 

ds = -0.0010 

30 ENGINEERING & SCIENCE I JANUARY 1985 

relationship to surface features. Clay
ton and Hearn determined from their 
data that the crust of southern Califor
nia is of varying thickness, that under 
the Los Angeles and Ventura basins 
lies a IO-km-thick layer of sediment (a 
fact that may have been responsible 
for the unexpectedly great damage 
from the 1971 San Fernando Valley 
earthquake), and that the Moho boun
dary is deformed below the San Ber
nardino Mountains. 

The Transverse Ranges were also 
involved in the most prominent 
feature found in a study (using tele
seismic data) of the mantle underlying 

(Left) In the top left panel the mantle struc
ture at a depth 0/ 100 km indicates the pres
ence of a small convection cell with cold 
downward convection under the Transverse 
Ranges related to the warmer upwelling in 
the Salton Trough. Cross sections to a 
depth of 500 km are shown in the other 
panels. 

(Below) A slice through the mantle to 2900 
km shows evidence of known hot spots in 
the upper mantle under Iceland and the 
Afar triangle, where the Red Sea meets the 
Gulf of Aden. 
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the same region by Clayton, Bradford 
Hager, assistant professor of geophys
ics, and grad student Eugene Hu:tl1c 

pbreys. This was a high-velocity ano
maly beneath the mountains - a ver
tical slab extending downward to 
approximately 250 km on the deepest 
(eastern) side. The three scientists 
speculate that the Transverse Ranges 
are the site of a cold downward con
vection in the "viscous" mantle, 
related to the active geothermal "hot" 
area observed in the Imperial Valley, 
possible an upwelling in the mantle. 
This may be an example of a small 
convection cell under southern Calif or-
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T IllS IS A splendidly encyclopedic 
treatment of a subject of direct 

interest to anyone who eats, drinks, or 
cooks. The migrations ofthe earth's 
crust and the formation of continents, 
as these relate to the distribution of 
plants; the anatomy and physiology of 
taste and smell; the biochemistry of 
metabolism; the organic chemistry of 
carbohydrates, fats, and proteins; the 
physical aspects of emulsions - these 
are examples of the fundamental 
aspects of the subject that are 
presented with a minimum of 
impenetrable scientific jargon. In gen
eral, McGee has got the basic facts and 
principles right, though the discussion 
on boiling water (page 584) was not 
one the author would have been 
taught during his time as a Caltech 
undergraduate (at least in chemistry). 
The book also includes marvelously 
detailed treatments of the historical 
origins of modem practices, the deriva
tions of the terminology of the 
kitchen, and a great many amusing 

nia, causing compression under the 
. mountain ranges and locking the Big 
Bend of the San Andreas fault. 

In their global seismic tomography 
mapping Clayton and Hager found 
significant variations in the mantle 
that appear to be related to a much 
broader scale of convection. Creating 
maps of the entire mantle down to the 
core boundary at 2900 km required 
data from 25,000 earthquakes recorded 
at a worldwide network of 1500 
seismographic stations. More than 2 
million rays were analyzed (this origi
nally took many days' worth of com
puter time). Although there is evidence 

anecdotes. It's all here - including 
the physiological and biochemical basis 
of the morning-after hangover. 

In a sense the book is like a 
pleasant dinner with good friends -
fine food and drink together with 
unhurried, interesting, amiable conver
sation. The progress of the dinner 
provides some order to the evening, as 
the various aspects of food - milk, 
eggs, meats, vegetables, grains, breads, 
sauces, sugars, wine and spirits - pro
vide order for the book. But during 
any particular course of the dinner, the 
conversation roams freely, as in any 
chapter of the book the treatment is 
discursive and even at times repetitive. 
The total information of the book 
could have been told in far fewer pages 
but then with far less charm. 

This is not a book meant to be 
read at one time from cover to cover 
as a detective novel, but one in which 
the reader can spend an occasional 
relaxed hour learning, for example, the 
intricacies of why egg whites produce 
a particularly firm foam if beaten in a 
copper bowl. It is also not a book of 
recipes, nor is it a place to find 
instantly the remedy for a Bernaise 
sauce that separates minutes before it's 
due on the table. Rather, in the latter 
case, there's an eight-page treatise on 
the subject, including subheadings such 
as Double Layers and Vinegar; Vine-

of such known hot spots as exist under 
Iceland, Hawaii, and the Afar triangle, 
the larger anomalies occur toward the 
bottom of the mantle. Few obvious 
patterns emerge immediately from the 
data, which should keep geophysicists 
busy for quite a while. Hager is 
currently using the densities to com
pute the earth's gravitational response, 
to corroborate the theory that varia
tions in the earth's gravity are due to 
convection. And ultimately these first 
pictures of the dynamic processes 
going on inside the earth may be the 
key to understanding how our planet 
works. 0 -JD 

gar Prevents Protein Coagulation; The 
Emulsifiers in Egg Yolk. How to keep 
vegetables green receives a three-page 
historical discussion, including the 
chemistry of inorganic cations bound 
to chlorophyll and a quotation from 
the Roman, Apicius, "omnes holus 
smaragdinum fit, si cum nitro coqua
tur" (all green vegetables will be made 
emerald green, if they are cbOked with 
soda); this procedure has, however, 
many unfortunate side effects. Mrs. 
Lincoln of the Boston Cooking School 
in 1883 knew the correct remedy (put 
the vegetables into large amounts of 
rapidly boiling water and leave the top 
off the pan for the first few minutes of 
cooking), a solution that becomes 
apparent two pages into the discussion. 

In short, a reader impatient for 
quick, terse answers might be frus
trated, but one prepared to accept the 
leisurely, charming pace will be con
stantly rewarded by this wonderful 
book. 0 - John H. Richards, Profes
sor of Organic Chemistry 

McGee received his BS from Caltech in 
1973 (his wife, Sharon Long, was also 
class of 1973), and he also holds a 
PhD in English literature from Yale. 
A chapter, "Ripeness Is All, "from this 
book appeared in the February 1981 
E&S. 
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