
Carbonate from the apatite of a 
Lehner mammoth tooth (A-876C) was 
younger than that from bone by 2000 
years, which indicates that tooth apa- 
tite is less stable than bone apatite un- 
der the geochemical conditions at the 
Lehner site. It will be surprising if this 
turns out to be true generally, because 
tooth enamel is more dense than bone 
and therefore believed to be less subject 
to replacement or exchange by diffusion 
of solutions. On the other hand, the 
apparent difference in age could be due 
to differences in permeability between 
the sedimentary matrices of the bone 
and tooth, where the tooth was in a 
coarser, more permeable sediment than 
the bone was. 

At the Hell Gap, Wyoming, site of 
early man, bone (probably bison) was 
collected from an archeological horizon 
that is correlated with a similar unit 
nearby that has been dated at 8600 ? 
380 years old (A-501) (3, p. 15). Both 
the collagen date (A-753A) and the bone 
apatite date (A-753C3) are in statisti- 
cal agreement with each other and with 
the correlated date, which indicates that 
carbonate from the bone apatite is in- 
deed indigenous. The calcium carbonate 
was hydrolyzed in two stages; the re- 
sulting dates (A-753C1 and A-553C2) 
clearly indicate it to be secondary. The 
difference in age is probably caused by 
the fact that the outermost layers of 
secondary carbonate are the youngest 
and the first to be attacked by acid 
during hydrolysis. 

The Murray Springs bovid bone is 
from a sedimentary unit that is believed 
to be between 50 and 500 years old. All 
the organic fractions show a slightly 
post-thermonuclear age (1960), which 
suggests contamination from bomb- 
produced C14. This interpretation is 
supported by the result of the calcium 
carbonate analysis (A-819C): 125 ?- 5 
percent of the C14 content of the mod- 
ern standard. However, because the 
buried bovid skeleton is known to be of 
prenudclear age and because there was a 
2.5-percent increase in the atmospheric 
C14 budget approximately 250 years 
ago (7), I believe that the yearling lived 
'withii a few years lof A.D. 1700. Un- 
fortunately, the bone apatite fraction 
has not: been analyzed. 

Fron the research reported here it is 
concluded t hat the ino'ganic carbon of 
:ossil bone is in two separate mineral 
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carbonate can yield reliable radiocarbon 
dates, but contamination by insoluble 
noncollagenous organic matter (for ex- 
ample, saprophytes) and exchanged car- 
bonates in bone apatite cannot always 
be precluded. Agreement between anal- 
ysis of the two fractions is probably 
reasonable, but not conclusive, assur- 
ance that the radiocarbon age is cor- 
rect. 
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routinely located in the Pacific Ocean 
Basin from arrival times of earthquake 
T-phases at hydrophones placed in the 
deep-ocean SOFAR (SOund Fixing 
And Ranging) channel at Eniwetok, 
Wake, Midway, and Oahu islands and 
off California (2); in the eastern Pacific 
most of those located were on the East 
Pacific Rise. The accuracy of location, 
relative to published earthquake epicen- 
ters (3), depends on the source-receiver 
geometry, accuracy of reading of ar- 
rival times, and knowledge of sound 
speed in the SOFAR channel. In the 
area of Gorda Ridge off the coasts of 
Washington and Oregon, location of 
sources by T-phase is especially good 
because the phones are distributed 
about the source, a nearby detection 
hydrophone off Cape Mendocino was 
used, and sound speed in the SOFAR 
channel is well known. 

Epicentral times of earthquakes lo- 
cated by the U.S. Coast and Geodetic 
Survey on Gorda Ridge, Blanco Frac- 
ture Zone, and Juan de Fuca Ridge 
were compared with those of the cor- 
responding T-phase source times; there 
was a mean difference of 5 seconds, 
with a standard deviation of 24 sec- 
onds, for 70 events between August 
1965 and December 1966. (A 5-second 
error in time of origin means an error 
in location of about 7.3 km when a 
sound speed of 1.47 km/sec is used.) 
These epicenters were plotted on a 
large-scale (1:828,000) chart along 
with 955 additional epicenters located 
by T-phase that were presumably too 
low in magnitude to be detected by the 
Survey (which routinely locates earth- 
quakes of magnitude 4 or greater). 
This plot was then laid over a detailed 
topographic map of the area. Figure I 
shows the Gorda Ridge section, scene 
of 78 percent of the epicenters located 
by T-phase. The epicenters are in two 
major zones: (i) a north-trending belt 
between 41? and 43?N, near 127.5?W; 
and (ii) a northwest-trending belt be- 
tween 43? and 45 ?N and between 
127? and 1 30?W. These seisim ic belts 
correspond to Gorda Ridge and Blanco 
Fracture Zone, respectively, as defined 
on the basis of bathymetry (4, 5). 
Thus, as has been demonstrated (6), 
the earthquakes are not restricted to 
fracture zones. 

The greatest concentration of epi- 
tenters is at 41.5?N, 127.6?W. South of 
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this cluster the epicenters are in the 
central rift valley [Escanaba Trough 
(5)1 of Gorda Ridge. North of the clus- 
ter, epicenters occur along a line trend- 
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ing northeastward to the east end of 
Blanco Fracture Zone. The central rift 
valley is broken into a series of more 
or less closed basins near 41.5?N, 
whereas it is a prominent linear feature 
from there southward to Mendocino 
Fracture Zone (5). North of 41.5?N 
the central rift valley is displaced about 
20 km eastward, and the trend of 
Gorda Ridge changes from nearly 
northward to north-northeastward. 
Both the positive magnetic anomaly 
and the negative gravity anomaly as- 
sociated with the axis of the ridge are 
offset to the same degree and in the 
same direction as the topography (5, 
7). It is along the line separating these 
two sections of Gorda Ridge that the 
new fracture zone postulated by Mc- 
Manus (5) may be forming. The in- 
dicated movement is right lateral, as 
would be expected (4), because both 
Blanco Fracture Zone to the north and 

44 N 

42?N 

40?N 
129?W 

Mendocino Fracture Zone to the south 
have left-lateral displacement. 

Release of elastic strain, which is 
proportional to the square root of seis- 
mic wave energy (8), may be calcu- 
lated from the equation 

logJ=9+1.8M (1) 

where J is the energy in ergs and M is 
earthquake magnitude on the Richter 
scale. For studies of seaquakes the T- 
phase strength S (2) may be substi- 
tuted in Eq. 1 as a function of earth- 
quake magnitude; for example 

S(db) = 20M - 51 (2) 

This formula assumes a slope of 20 db 
per unit of earthquake magnitude be- 
cause T-phase strength is the logarithm 
of power level, and earthquake magni- 
tude is the logarithm of amplitude (2). 
An intercept of -51 is the least-squares 
fit to 92 earthquakes in this region, 

127?W 125?W 

Fig. 1. Seismicity and bathymetry of Gorda Ridge. Seismicity shown by contours is 
based on the number of epicenters per 0.1-deg square. 
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Fig. 2. Release of elastic strain, based on 
T-phase strength, for Gorda Ridge and 
Juan de Fuca Ridge. Data are for the 
period August 1965 through December 
1966. 

with a standard deviation of 10.3 db. 
With these relations the cumulative 
value of the square root of J, plotted 
against time (Fig. 2), gives an indica- 
tion of the release of strain along 
Gorda Ridge and Blanco Fracture Zone 
for the 16-month period examined. 
Strain release along Juan de Fuca 
Ridge, north of 48?N, also is shown 
(Fig. 2) for comparison. No seaquakes 
were located on the southern part of 
Juan de Fuca Ridge, which appears to 
be aseismic (5). 

The contribution of low-magnitude 
(lower than magnitude 4) earthquakes 
to the overall seismicity of the ridge is 
small, but a swarm of such earthquakes 
(as in January and February 1966) in- 
dicates unusual local seismicity along 
a disturbed zone. More earthquakes, 
then, occurred along fracture zones 
than on the crest of the ridge, but they 
were not restricted to the fracture zone. 

Crustal layers involved in the fault- 
ing may be deduced from focal depths 
of earthquakes. However, present tech- 
niques provide no accurate method of 
determining focal depths from T-phase 
recordings, and the Survey lists the 
focal depth of almost all seaquakes as 
33 km. The true focal depth is prob- 
ably near 5 km (9), and normal fault- 
ing also may occur (10). 
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10 June 1968 

Magnesium Sulfate Interactions 
in Seawater from 

Solubility Measurements 

Abstract. The extent of association 
between magnesium and sulfate ions 
was determined in artificial seawater by 
a solubility technique. About 10 percent 
of the magnesium ions were found to be 
associated. This result supersedes the 
earlier value found in this laboratory 
and agrees with the results of Garrels 
and Thompson, Thompson, and Fisher. 

Several researchers determined the 
extent of association between magne- 
sium and sulfate ions in seawater. Gar- 
rels and Thompson, Thompson, and 
Fisher (1) found that between 9 and 11 

percent of the magnesium ions are as- 
sociated to sulfate ions. The results of 

Pytkowicz et al. (1) indicated that the 
extent of association was greater. In 
the present work we redetermined the 
extent of association, again by a method 
based on the solubility of brucite, and 
obtained results that agree with those of 
the other workers. The present proce- 
dure, in contrast to our previous one, 
avoided both the use of a value for the 

thermodynamic solubility product of 
brucite and the possibility of carbonate 

coprecipitation. Particle size effects 
were minimized because a comparative 
technique was used. 

The procedure was as follows. Two 
solutions, with compositions shown in 
Table 1, were equilibrated with 40- to 
60-mesh white platy Quebec brucite and 
the steady-state pH was measured at 
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Table 2. Steady-state pH, free magnesium ion concentration, concentration of MgSO4? ion 
pairs, and percent of magnesium ions associated to sulfate ions at 25?C and 34.8 per mille 
salinity. 
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