
to see this additional evidence of a tidal 
triggering mechanism, because a similar 
process appears to trigger terrestrial vol- 
canic eruptions (4), and perhaps earth- 
quakes as well (5). The terrestrial situ- 
ation is somewhat obscured, however, 
because of the complicating loading 
effects of oceanic and atmospheric tides, 
ocean currents, and atmospheric circu- 
lation. The moon has provided another 
clear, albeit luxurious, view of the earth. 
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Hamilton (1) has proposed that a 
combined latitudinal-anomalistic tidal 
triggering mechanism for moonquakes 
is supported by the data presented by 
Latham et al. (2). We agree that the 
anomalistic and the latitudinal tides are 
equally likely tidal triggering mecha- 
nisms (1), but, for reasons stated pre- 
viously, we feel that the repeating moon- 
quakes, designated category A, are pri- 
marily triggered by the anomalistic tide. 

The identification of a particular tide 
as the primary triggering mechanism of 
category A moonquakes is based on the 
correlation between observed param- 
eters, such as occurrence times of moon- 
quakes and long-term variations in both 
moonquake occurrence times and ener- 
gy release, and the theoretical varia- 
tions in amplitude or phase (or both) 
of the suspected tidal component. 
Moonquakes should not necessarily be 
expected to coincide with maximum or 
minimum tidal amplitude, but they 
should occur with some consistent rela- 
tionship to the amplitudes or phases (or 
both) of the triggering tidal component. 
Likewise, temporal changes in moon- 
quake occurrence characteristics should 
be systematically related to changes in 
the triggering tide. If moonquakes rep- 
resent shear dislocations along fault 
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tionship to the amplitudes or phases (or 
both) of the triggering tidal component. 
Likewise, temporal changes in moon- 
quake occurrence characteristics should 
be systematically related to changes in 
the triggering tide. If moonquakes rep- 
resent shear dislocations along fault 
planes, the relative orientations of the 
fault planes and the principal tidal 
stresses would be a critical factor for 
the triggering of moonquakes. With no 
prior knowledge of the lunar global 
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stress pattern or the orientations of the 
active faults, it is difficult to specify 
moonquake triggering mechanisms. 

As shown by Latham et al. (2), cate- 
gory A moonquakes occur, with few 
exceptions, at monthly intervals near 
the time of perigee, with a secondary 
peak in activity near apogee. Category 
A perigee moonquakes account for over 
95 percent of the category A moon- 
quake energy observed at the Apollo 12 
seismic station, with the largest subset, 
category A1, accounting for about 80 
percent of the total. The total monthly 
energy release varies with a period of 
213 days, which agrees very well with 
the theoretical 7-month gravity cycle 
of the anomalistic tide. Also, the activity 
begins latest during months when the 
maximum energy is released. No effects 
of a latitudinal tidal triggering mecha- 
nism can be verified for the period 20 
November 1969 to 1 January 1971 be- 
cause the anomalistic and latitudinal 
tidal cycles were nearly in phase during 
that interval (1). A preliminary analy- 
sis of additional data has revealed that 
the largest category A moonquakes con- 
tinue to occur near perigee through 
September 1971. These occurrence 
times correspond to about 6 to 7 days 
after the maximum northern latitudinal 
libration. 

Thus, the data suggest that the cate- 
gory A imoonquakes are primarily trig- 
gered by the anomalistic tide. The lati- 
tudinal tides may act as a secondary 
triggering mechanism. Such a "cou- 
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pling" might better account for the ob- 
served variation in the category A total 
seismic energy release at perigee for the 
periods February to April and Septem- 
ber to November 1970 (2) than does 
the influence of the solar tides, which is 
suggested by Hamilton (1), since the 
amplitude of the solar tidal component 
is only 1 to 3 percent of the amplitudes 
of the earth-generated tides (3). 

A second type of moonquake, desig- 
nated category B, has recently been 
identified (4). Preliminary data analysis 
suggests that the tidal triggering mecha- 
nism of category B moonquakes is dif- 
ferent from that of category A moon- 
quakes. 
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Friedman (1) and Friedman and 
Smith (2) pioneered a valuable recon- 
naissance tool with their development 
of hydration-rind dating of obsidian, 
and Peterson and Groh (3) and Fried- 
man and Peterson (4) made a good 
selection of an area in which to apply 
the technique when they chose New- 
berry Volcano, Oregon, with its variety 
of young volcanic rocks. 

We have been involved in studies of 
Newberry Volcano during the past 5 
years (5-8) and, thus, have special 
interest in the dating of these young 
volcanic rocks. Therefore, we feel com- 
pelled to point out that two of the re- 
ported dates are surely erroneous and 
to urge caution in the application of 
the hydration-rind technique to deposits 
that may have been subjected to hydro- 
thermal or solfataric activity. 

There are six young, rhyolitic obsid- 
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ian flows in Newberry Caldera (5). 
Peterson and Groh (3) published hydra- 
tion-rind ages for five of these flows 
and a 14C age for charred tree wood 
from a pumice deposit that extends 
beneath one of the obsidian flows, com- 
monly called the Big Obsidian flow. 
Their 14C age agrees well with the hy- 
dration-rind age that they obtained for 
the Big Obsidian flow, and in light of 
relative ages based on geologic field 
relations, that age and the hydration- 
rind ages of three of the other obsidian 
flows as well, seem reasonable to us. 
However, the geologic relations and 
other 14C ages indicate that Peterson 
and Groh's (3) hydration-rind age for 
the small obsidian flow in the crater of 
Central Pumice Cone (their Pumice 
Cone Crater Obsidian Dome) is greatly 
in error. This obsidian flow is in the 
bottom of the symmetrical crater of 
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Central Pumice Cone; it is a plug dome 
that rose in the vent of the pumice cone 
and then spread into a small flow. Thus, 
it must be younger than the eruptions 
that formed the crater in which it lies. 
These eruptions spread a thick layer of 
pumice and ash downwind to the east. 
Tree wood buried by this deposit has 
been dated by the 14C method at 
1720 + 250 years by M. Rubin of 
the Geological Survey (7). The rela- 
tive age of this deposit of pumice 
and ash is further confirmed by field 
relations and by other 14C ages: it over- 
lies an ash-flow deposit dated at 
2054 ? 230 years by Peterson and Groh 
(9), but it is overlain by the Big Obsid- 
ian flow dated at 1270 + 60 years (3). 
Clearly, the obsidian flow in the crater 
of Central Pumice Cone must be 
younger than 1970 years (1720 + 250), 
and its reported hydration-rind age of 
5000 years (3) must be in error by 
approximately 60 percent. This is pos- 
sibly due to the position of the obsidian 
flow directly over the vent where post- 
eruption vapors may have speeded hy- 
dration. 

In their application of hydration- 
rind dating to basaltic rocks, Friedman 
and Peterson (4) obtained an age of 
2900 - 400 years for remelted rhyolite 
fragments in andesite extrusions (8) from 
East Lake fissure on the north wall of 
Newberry Caldera. However, the wide- 
spread ash and pumice deposit from 
nearby Central Pumice Cone does not 
mantle the fissure or the andesite spat- 
ter rim adjacent to it, although it covers 
older rocks on the caldera wall on eith- 
er side of the fissure deposit. This in- 
dicates that the fissure eruptions are 
younger than 1970 years and that the 
hydration-rind age is in error by ap- 
proximately 30 percent. Again, vapors 
rising through the fissure vent may have 
been the cause of this more rapid 
hydration. 

We urge a thorough knowledge of 
the geologic relations before applica- 
tion of the new hydration-rind dating 
technique. 
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U.S. Geological Survey, 
Beltsville, Maryland 20705 
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Since our original work on dating 
volcanic events in the Newberry craters 
(1), we have examined many hundreds 
of thin sections. The latest results rein- 
force most of our previous conclusions 
(2). 

We do not believe that the fumarolic 
activity referred to by Higgins and 
Waters (3) has significantly influenced 
our results. If fumarolic activity had 
been a complicating factor, we should 
have found thicker hydration for 
samples from Big Obsidian flow, where 
the hydration thickness ranges from 0.9 
to 1.1 itm. In addition, we should find 
a continuum of hydration thicknesses 
for samples that had different expo- 
sures to fumarolic activity. Instead, we 
find discrete thicknesses of hydration, 
corresponding to the discrete events that 
created the obsidian surfaces. Evidence 
of alteration is easily detected in thin 
sections, and such sections were rejected. 

The Central Pumice Cone flows con- 
sist not only of a flow that plugs the 
vent and is now in the bottom of the 
symmetrical crater, but also of obsidian 
flows in the walls of the crater both 
above and below the vent. The results 
show consistently that the flows in the 
center of the cone have hydration thick- 
nesses of 2.9 jum. Other flows in the 
Central Pumice Cone, particularly some 
later airfall material, have hydration 
rinds as thick as 3.6 jtm. In our origi- 
nal publication (1), we used a hydration 
rate of 5 Aum2 per 1000 years. This rate 
was one that we had found for some 
archeological obsidian artifacts hydrat- 
ing in southern Montana. In a more 
recent report (4), we used a hydration 
rate of 3 jum2 per 1000 years, as derived 
from archeological material buried in 
southern Oregon. From temperature 
measurements which we are making on 
obsidian exposed to the atmosphere as 
well as obsidian buried in archeological 
context, it appears that the hydration 
rate is more rapid for exposed obsidian 
than for buried material. This is logical 
because the rate of hydration is quite 
temperature dependent, and exposed 
material is heated by the sun, which 
causes it to hydrate much more rapidly 
than buried material. The point at issue 

here is really the actual hydration rate 
rather than the influence of hydrother- 
mal activity on the obsidian. As men- 
tioned, hydrothermal alteration can 
easily be identified on these thin sec- 
tions; where present, it has made mea- 
surement of the hydration thickness ex- 
tremely difficult, and accordingly such 
sections have always been rejected. The 
consistency of the thicknesses of hydra- 
tion on samples collected from various 
parts of a flow would rule out the in- 
fluence of hydrothermal activity since it 
would not have acted uniformly on all 
specimens. The hydration rate of the 
exposed obsidian may be as high as 5 
or 6 /tm2 per 1000 years. If so, the 
age discrepancies mentioned by Higgins 
and Waters disappear: if a rate of 5 
u/m2 per 1000 years is used, the Central 
Pumice Cone flow would be about 1700 
years old-the age that Higgins and 
Waters wish to assign to it. The East 
Lake fissure material also referred to 
by Higgins and Waters would then be 
of approximately the same age: its hy- 
dration thickness was 3 t/m, and the 
rate of 5 SMm2 per 1000 years would 
give an age of 1800 years. 

An alternative explanation of the age 
discrepancies may be found in the 
assignment by Higgins and Waters of 
the Central Pumice Cone vent as a 
source of the pumice eruptions 1700 
years ago. But it should be pointed out 
that within 3 km of Central Pumice 
Cone there are at least four other 
vents, any one of which could have 
been the source of the pumice and ash. 
It is possible that the vent was in an 
area now covered by the Big Obsidian 
flow, which is less than 400 years old. 

We think that much of this argument 
will be resolved when temperature 
measurements being made in the area 
allow us to calculate the rates of hy- 
dration of obsidian so as to date these 
flows more precisely. 
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