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In order to aid IT E?e interpretation of the recently reported seismic Q
versus depth profilesi'>%/ we have begun laboratory Q measurements as a func-
tion of ?%?rostatic pressure, temperature, and frequency. Me have already
reported Qs (shear wave) measurements up to 2.5 kbar at room temperature

and demonstrated that the dramatic differences in Q between thoroughly out-
gassed and volatile-rich rock persist to confining pressures corresponding to
a depth of at least 50 km. Here we report on measurements of Q as a function
of temperature, on the development of techniques to measure Qy {(Jongitudinal
wave) under hydrostatic pressure, on fhe derivation of theoregica1 relations
between laboratory Q and seismic attenuation, and on the development of a model
for the absorption mechanism.

(1) Temperature Dependence °

Q measurements were performed in the temperature range - 100 to 450°C on
Jupar rock 70215.85 and on analogs of lunar basal; at a frequency of about 50
Hz. The measureme?E? were carried out at 2 x 107/ Torr with our Tow frequency
flexural apparatus modified for the admission of dry Np cooled to -100°C
into a Cu tube surrounding the furnace and sample. The system was calibrated
with a sample of fused silica which gave a background (apparatus) Q well above
the values measured for the rock samples. A conspicuous feature of the rock
data is the systematic increase in ( as the temperature is lowered to -100°C,
This feature has been cbserved by us also in the 10 kHz range and aside from
the detailed structure of the curves is qualitatively repeatable from run to
run, and sample to sample. The result suggests that the cool { ~ -40°C) dry
near-suriace regions of the Tunar crust should aiso give high Q values, Table
[ summarizes the results at high temperatures and shows that except for a
moderatg jncrease in Q at 1100-200°C, the high Q values are observed to at
least 450°C.

(2) Measuréments of Qp Under Hydrostatic Pressure

The measurement of @ for a bar vibrating in the aextensional mode is
straightforward under ambient conditions but becomes apparently meaningless at
high confining pressures when the radiative losses into the pressure medium
become excessive. (The Q of a metal rod decreases by a factor of 3 when sub-
jected to a He pressure of only 0.8 kbar.) We have overcome this difficulty by
rounding the end pieces of the vibrating bar to an aerodynamically Jow drag
shape and have been able to obtain similarly high Q (Q = 1.0 x 104) on a poly-
crystalline Mo bar at 1 kbar as at ambient pressure. Since the rock samples
are clad in a Cu sheath the measured modulus must be corrected for the cladding
and we have derived the formulae to calculate the Young's modulus of the rock
itself., Measurements carried out in the extensional mode for a well-outgassed
analog of lunar basalt show roughly the same Q values as those obtained for the
torsional mode over the hydrostatic pressure range studied (0-1.6 kbar).
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(3) Relationship between Laboratory Q and Seismic Q

In an effort to establish a quantitative relationship between the seismic
data obtained for plane traveling waves and the laboratory data obtained in
vibrating bars at resonance, we have derjved the necessary theoretical expres-
sions for both shear and longitudinal waves. Assumptions made in the derjva-
tion are that the strain amplitudes are small so that only linear processes are
involved, that the internal friction is small (Q>10) and that the microstruc-
ture and the processes associated with it have characteristic scales short com-
pared with the wavelengths, so that the Lame' constants p and X may be expressed
as complex functions of frequency. Under these assumptions and measurements of
the density, the torsional and extensional modulus and the corresponding Q
values, we are now able to calculate Qp, Qs, Vp, and vg for seismic waves.

(4) Model for Absorption Mechanism

The results presented here and in previous reports have provided valuable
clues to the mechanism by which an elastic wave is damped in a volatile-rich
rock, and we surmarize here the principal features of the absorption model
which these clues suggest. Our gbserved increates in Q from Q@ = 50 in labora-
tory air to as high as Q = 4800(5) in vacuum after strong outgassing demonstrate
that the removal of trace amounts of adsorbed volatiles play the dominant role
in the a?agrption mechanism. The Q measurements under hydrostatic pressures to
2.5 kbar show that the absorption mechanism caused by adsorbed volatiles is
not inhibited by the partial closing of fractures under confining pressure, and
probably involves active sites at grain bound?rges throughout the rock. The
experiments with a great variety of volatiles(®) show that adsorbed H20 is by
far the most effective volatile in reducing Q, most Tikely because of the well
known strong bonding between Ho0 and §702 molecules. The results of ellipso-
metric experiments( ) demonstrate that the strong absorption of H20 onto the
rock surface does not lead to a uniformly covering layer of H20 many tens or
hundreds of monolayers thick. Rather the Hz0 molecules must absorb preferen-
tially onto active surface sites and diffuse into the interior of the rock.
Depending on the specific nature of the fracture system of the rock and the
influence of Hp0 on the cracks and pores, the H20 can reside as molecular water
in sites favoring capillary condensation or as absorbed species on grain and
crack boundaries. The systematic increase in Q with decreasing temperature
(without a discontinuous jump at 0°C) represents the immobilization of any
traces of H20 still present after the long term outgassing treatment. These
results prompt us to propose a modet for the absorption mechanism which involves
changes in the bonding, structure, and coverage of the molecular, phﬁsisorbeq,
and chemisorbed H20 at the crack and grain boundaries. We present the details
of the model and a theoretical approach to describe the processes involved.
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TABLE I

Temperature Dependence of Q at 56 Hz
for a Terrestrial Analog of Lunar Basalt

DT Q Conditions
(°c)

45Q 900 In vacuum

350 950 of 10-7 Torr
250 900 after strong
150 700 outgassing

50 1000
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