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Technical Papers 


Structure of the Earth's Crust 
in the Continents 

B. Gutenberg 

Seismological Laboratory ,  


Califortzia Itzsti tute 01 Tecblzology, Pasadena 


I n  1910 A. MolloroviZid pu:,l's:~ed the first paper in  
which arrival times of elastic waves from a near-by earth- 
quake were used to calculate the velocity of earthquake 
waves in the earth's crust. IIe found for longitudinal 
waves a velocity of 5.4 km/ sec in the upper 50 km and a 
velocity of about 7.8 lrm/sec below that. Earthquake 
records from other regions furnished similar results and 
indicated one or more intermediate layers. Later, when 
artificial explosions were recorded, i t  was found that the 
velocity in the uppermost layers is appreciably higher than 
that found from earthclu&e records. Data are availablc 
now for parts of Europe and the United States. They 
indicate a velocity of about 6 km/sec immediately below 
the sedimentary layers, increasing (in some regions) to 
as much as 6% km/sec a t  a depth of about 10 lrm. The 
MohoroviFi6 discontinuity is  found in general a t  a depth 
between 30 and 40 Itm, and the velocity below i t  i s  be- 
tween 8.1 and 8.2 km/sec. The discrepancy between the 

results from earthquake wav?es and those from artificial 
explosions is beyond the limits of error. This new inter- 
pretation is suggested to explain all observations: 

Below the sediments the material has a velocity of 
about 6 km/sec for longitudinal waves; this increases 
with depth and in  some areas approaches 7 km/sec at a 
depth of about 10 ltm. At  a depth of roughly 15 km the 
velocity decreases ( i t  may be either an abrupt or a grad- 
ual decrease), reaching a minimum of about 54 krn/sec 
a t  a depth near 20 or 25 km. Below this, it increases 
again, possibly with a sudden jump, and shows a sudden 
increase to 8.1 or 8.2 km/sec a t  the MoBorovi6iE discon- 
tinuity a t  a depth of between 30 and 40 lrm in  most con- 
tinental regions, but deeper (up to 60 km a t  least) under 
some mountain ranges ("roots of mountains"). A t  a 
depth of about 80 km the velocity decreases slightly, and 
begins to increase again a t  a depth of about 150 km. It 
s~iowsno further irregularities down to a t  least 900 km. 

I n  artificial explosions the waves refracted through the 
surface layers with relatively high velocities are recorded, 
but the waves reaching the low velocity layer would be 
refracted downward and would not turn upward again 
before they reached a deeper layer with a velocity a t  least 
equal to the maximum in the upper layers. Thus, the 
existence of the low velocity layer could not be revealed 
by refracted waves from artificial explosions. Calcula-
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tions of the depth of the MohoroviFi6 discoiltinuity mould 
have to consider the low velocity layer. 

The source of most shallow earthqilnkes would be in  the 
low velocity layer. The smplituiles of the direct waves 
would decrease rather fas t  with distance, and their travel 
times would be affected by the velocity in all layers above 
the earthquake source. Rays start ing not too f a r  from a 
horizontal direction, upward or downward, could not leave 
the low velocity layer i n  accordance with ray optics. 
Thus, they could form a "sofar channel' ' with the jlecu- 
liar properties which have been studied in the atmos-
phere arid the ocean. At  some distance outside such a 
channel rather large amplitudes are found. Energy radi- 
at ing from the channel would f o r k  the phase (indicated 
by p)which has been considered the direct wave in earth- 
qualze records. Actually, the direct longitudinal wave in 
earthquake records would arrive almost siniultarleously 
with the sofar wave a t  certain distances. The inside 
limit of the sofar wave would be a t  distances of 50 kni 
or more, depe~idirlg on local conditions. The direct wave, 

traveling above the channel, would precede the P-wave by 
increasing time intervals. This phase (called P y  in 
records of California earthquakes) has been considered 
previously to be a wave refracted through a deeper layer. 
C. F. Ricliter is  now irlvestigating a riun~bcr of records 
from slilaller earthquakes in southern California, includ- 
ing data  froni four semipermanent stations with higli l~ 
sensitive Renioff-vertical seisrriographs tha t  have been in- 
stalled especially fo r  such research. Ris  results to  datv 
(unpublished) are in excellent agreement with the next 
hypothesis. The interpretation of earthquake records 
studied previously requires an origin time 1-2 sec later, 
since in  the earlier interpretation i t  has been generally 

assumed (incorrectly) tha t  starts  a t  tlie time of origin 
of the shock. This differen& of 1-2 sec has to be sub- 
tracted from all Pasadena travel time curves. It explains 
the fac t  tha t  waves from the Baker Day test a t  Bikini a r  
rived about 2 sec earlier than was calculated. 'I'he new 
hypothesis explains other plienonieua fourld froni earth- 
quake records. 

Thus far,  few attempts have been made to explain the 
fact  tha t  niaterial with higher velocity exists 011 top of 
rnaterial with lower velocity. The author had previously 
assumed that  this was explained by local patches of old 
sedirrle~itary rocks covering the "granitic layer" and 
XI. 0. Wood assumed it was owing to local effects of high 
pressure. Tt seems now that the phcrromenon of the low 
velocity layer is  much more general, a t  least in the con- 
tinents. It must be explained either by assuming a sue- 
cession of relatively thin layers of different material ill 

many regions of the earth's crust or, what is  more likely, 
by the effect of physical processes. Tn a given material, 
the velocity of the elastic waves i s  mainly an  effect of 
pressure and temperature. Experiments indicate tha t  the 
1,ressure increases the wave velocity in a given material 
rather considerably in the upper few kilometers, but much 
less below allout 10 km. Few data are available for  the 
cffects of temperature ; for  quartz, and to  a lesser degree 
for  diabase, they indicate a decrease in  wave velocity with 
increasing temperature, followed by an  increase. Fo r  

quartz, a strong minimurn can be expected a t  a depth of 
roughly 25 km, where the transition from alpha quartz 
to beta quartz should take place. For  diabase, a minor 
minimum has been calculated by Birch and Dow to occur 
a t  a depth of about 10 km. Similar da ta  for  feldspar 
and other constituents of the niaterial in the earth's 
crust are necessary to establish the actual cause of thc 
low velocity layer a t  a depth below about 15 ltni if i ts  
existence is  proven. 

The MohoroviEii: discontinuity is  not much affected by 
the new hypothesis. It is  still considered by the author 
to mark the transition fro111 simatic 11i;rteriul (Ir):ls;rlt,, 
gebbro, etc.) above i t  to ultrabasic rock below; tlie 
decrease in wave velocity a t  a depth of about 80 BIII 
is believed to result from t.lre transition from crystalline 
to amorphous material near or a t  the melting point. 

References 
1 1 : 1  . Geol. Soc. A ~ n e r .  Sp~,cirrl I'c~prr N o .  3 6 ,  1!)4:'. 
2. OUTENBERG,K. Geol. SOC. Amer. Rull . ,  1943, 54, 473. 
:I. Ihirl. ,  1943, 54, 499. 
I .  \\'oar), H. 0.  Xei811tol. Xoc. .4111er. l$ull, l ! )M,  38, 33. 

Effect of Insulin on the Potassiunl and 
Inorganic Phosphate Content of the 
Medium in Experiments with 
Isolated Rat Diaphragms 
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I n  1923 and 1924, Harrop and Bc.nedict (6, 7)  ant1 
Hriggs et al. ( 2 )  found a drop in serum potassium aftel 
adniirlistration of insulin to  i lorn~al and diabetic humail 
individuals and experirnt~ntal animals. 'l'heir observa 
tiorls have been confirmed repeatedly and i t  has beon 
shown that  this effect wits due to a shift  of potassiun~ 
from the extracellular to  the iritracellular space (3,11). 
No studies have been made, however, of the effect of 
insulin on the potassium metabolism of isolated organs 
or tissues. 

I n  reccrlt years, the ra t  diapl~iaqni has 1~~c.nwidely 
used for  the study of carbohydrate metabolism of the 
isolated muscle (4, 9) .  For  thc present investigation 
tlie technique of Gemmill (4) has been used 

Ten rats of 80-100 g body wcight, which had heen 
fasted for 24 hr, were killcd by decapitation. The 
diaphragms were takcn out and divided in two halves. 
Tell hemidiaphragms wcre incubated in 20 rrrl of a buffer 
solution with a mineral conlpositiori closely reserrlblirig 
blood plasma (5) arid equilibrated with a gas mixture of 
93y0 oxygcni 770 carbon dioxide. The pfI  of this 
buffer after equilibration is 7.4. The busker solution 
contained glucose in  a concentration of 200 nig'%. Tllc 
ten other hemidiaphragms of the same ariinials were 
incubated under similar conditions i n  a buffer solution 
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