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WIE-T 1835

production Rate and Ratention Properties of
cosmeogenic 3He and 21Ne In Quariz

M. W, Caffes, J. Bairigar, B, Ruiz (Lawrence
Livermora Nalional Laboratory, Box 808, L-232,
Livarmore, CA 94550}
C. P. Koh! and K. Nishiizumi {University of Califomia, San
Diago, Dept. of Chemistry , LaJolla, CA 92093-0317)

We have measured cosmoganic 3He and 21Ne in a sel of 6
samples of gquartz from Antarctic mountain rocks.
Cosmagenic 19Be and 28Al have praviously bsen measurad
in these samples! so a camparison of ®He and 21N e
production against 1°Be and 28Al is possible. An imporant
Issue In using cosmogenic noble gases as exposure
chronometers is their retention in silicate materials. The 3He
and 2TNe from these samples are released at low
\emperatures. All of the 3Ha is extracted during a 30 minule
heating al S00°C. The same healing releases S50% of tha
2tNe from the sample. The remaining 21Ne Is released in
the 750°C extraction. While 21Ne is betler relained than 3He
it is nevertheless only loosely bound. In comparison 1o 19Be
and 264), 21Ne shows no signs of loss and we calculate a
minimum production rate of about 80 atoms per year par
gram of quarlz {1800 m elevation, 77.6 latitude). In contrast,
relative lo the Ne, most of the IHe has been lost in these
samplos. Wa have also examined 3He and 21Ng release in
samples from other locations. In lhase samples a quarz
fraction was proparad by handpicking {as opposed lg
chemical atching?). These more genlly preparad samples
show similar release properiies. We concluda thatl 21Ne was
guanlitatively retained in the Anlarctic samples. but that for
samples with higher paak sterage temperaturas quanlitalive
retention of 21Ne may ba quesiionable.

1K, Nishiizumi ef a/. {1991) EPSL, 104, 440-454,
Part of 1his work was performed under the auspices of lhe U.S. DOE by
LLNL undor conlract No. W-7405-Eng-48,

WIE-8 1050

Effeclive Allenuation Lengths of Cosmic Roys
Producing Be-10 and Al-26 in Quar(z: Implications
for Exposure Age Daling

ET Brown, G M Raisbeck and F Yiou (All ai: CNRS-INoP3,
CSNSM, Bauiment 108, 91405 Campus Orsay, France; tel. (33 1)
6941 52 58; Bitnet lestring@frepnl i}

M D Kurz and E J Brook (Both at: Chemisiry Dept, WHOIL,
Woods Hole, MA 02543}

Determination of exposure ages and erosion rates of surficial rocks
using the build up of cosmagenic isotopes (19Be, 25A1, 3He, 36C1
w21Ne) produced in situ within mineral lanices has baen the object
of several recent studies. The 1echnique has been applied 10
problems in glaciclogy and voleanclogy, and to examination of
variability in cosmic ray fluxes. Use of isolope ratios has potential
benefits in examining complex exposure historics because it reduces
ot eliminates uncernaintics associaled with exposure geometry and
ibsolute production rates. One Imponant parameter in Inlerpretation
of cosmogenic isotope data, particularly in regions of high erosion
mles or in samples which have been paniolly shielded, is the mean
fre path of the cosmic roys producing these isotopes. We have
measured 10Be and 2641 as functions of depth in a core of quanz
sandstone bedrock collected in East Vicleria Land, Ancarcrica.
These daga, were used to calculate the effecrive auenuation lenpibs
for ¢cosmic rays producing these isotopes: 15247 g crr? and
179+14 g em72 for 18Bc and 26Al, respectively. These resulls
indicalc that the mean free paths for nuclear disintegrations
producing 1hese isotopes arc greater in solids than in air, and
Suggest that the value for 26A1 may be slightly greater than the for
"Be. Although this difference is subile, It has implications far the
Interpretation of analytica) results from samples with complex
esposure histories.

The data were also used Lo place limits on the exposure age (>1.1
My) and erosion mte (1.1 x 104 g em2 y1) of the suface. The
oncentrations of the cosmogenic isotopes are lower than these
measured in similar exposures from nearby deposits, suggesting
that |he present sample has not been exposed long enough to reach
2eady-state with respect o erosion and radio-decay.

B9 118

Depth Dependence of fa situ Produced Cosmogenic 3Hein
Antarciic Sandstone Bedrock

Elﬁmkand M D Kurz (Chemistry Depanment, Woods Haole
Occanographic Institution, Woods Hole, MA, USA 02543

508 457 x2618, bimer: ebrook(@athena.mit.edu)
ETBrown CNRS-IN3P3, CSNSM, Batiment 108, 51405 Campus
Onsay, France,

. Une ing the of in situ c ) T
boclides is crucial to their use in Quatemary geoachronslogy, To
?hminpmd\tdmand, '“Qross vk ol‘m i
He in quanz, we measured the depth dependence of 3He

jons in 1 ~1 m deep cort we dnlled in sandstone bedrock
W4 terrace exst of Arena Velley, in the Dry Valleys region of

ica (1700 m al). Preliminary results indicate a surface
fncentration of 2,64 + 0.01 x 108 at g1 2He in 0.50.7 mm quarz

and an e: decreasc with depih with an apparent
mﬁmbﬂhdmfﬁﬁgm'z.ﬁhvﬂwhmmm
$rmined for 19Be and 26A1 in this core (see abstract by T,
!'Wn-mismaaim).mdmﬂnnvalusrwmmgmiﬁ&

in Hawaiian lava flows {164-170 g cm™4), As indicated by the
anenmation lengghs, 3He/1%Be and 3He/26 Al ratios increass with
depth, from surface values of 132 +08and 2.7 £031027.3 &
5.7 and 4,6 3 0.6 &t ) cm depth.

We proposc that the high apparem anenuation length for 3He
is a resub of enhanced Joss of He in the surface samples or
cnhanced production at depth,  Available calculations of production
rates of 3He by muons (attenuarion length ~ 1000-1500 g cm?)
suggest that this mechanism alone ¢annot account for the
abservations. Evidence of YHe lass from other quanz samples in
the Dry Valleys megion has been observed, however, If the core
data are interpreted as evidence of 3He loss they suggest that solar
heating of rock surfaces or crysial damage during *He production
contribuies to enhanced diffusion af 3He in the surface samples,
Analysis of additional core samples, and a number of grain sizes a1
cach depth, should help constrain the relative imporance of Lhease
processes.

‘The surface 3He data also indicalc a minimum exposure age
of =430 kyr for this bedrock surface, which is a factor of ~ 2 lower
than 10Be and 26A1 ages for the same sample, consisient with
previous results [or samples in this age range.

VIE-10 1128 -

Lowering Rates of Granitlc Landforms
Determined by Heasurement of In Sltu
Produced Cosmogenic Nuclldes

and A R Glllesple (Department of
Geoleglcal Sclences, Unlverslty of
Washlngton, Seattle, WA 98195; 206-543-
2079)

In oxder to determine the rate at which
granitic landforms ercde, we are
determining, in >100 samples, the
concentratlon of six lsotopes produced in
rock by the bombardment o¢f coamlc rays.
Comparison of dlfferent lsotope abundances
determined Eoz the same sample may help
resolve dlscrepancles ln isotope production
tates and pre-exposure inherltance.

In cooperatlon with Purdue, Llvermore, and
the University of Arlzona, we are measuring
the abundance of 14-C, 36-Cl, 26-Al, 10-Be,
21-Ne, and 2-He ln allguots of quartz
separated from the granltes. In order to
constraln better the non-cosmogenlc portlonm
of measured isotope abundancea we are: 1)
measuring the concentratlon of alpha
emltters [U,Th) and varlous target nuclel
and 2} analyzing samples shielded by 5-10 m
of overbuxden.

Preliminary 21-Re data (B. Hudson, Lavrenca
Llvermore Natlonal Lab) Indlcate that some
granitic rock surfaces in seml-arld Owens
Valley, CA have effective exposure ages
> 0.5 Ha implying eroslon rates ¢ 40 cm/Ma.

V52A CA: 306 Fri 1330h
Geology and Geochemistry of Magma
Chambers (joint with T)

Presiding: P M Kenyon, Univ of Ala-
bama; R T Williams, Univ of Tennessee

VE2A-t 130k

Thermal Profiling of a Man-Made Magma Chamber: Petrologic
Implzcations

M T Naney, G K _Jacobs, N W Dunbar (Environmentl Sciences
Division, Oak Ridge Narional Lab, Oak Ridge, TN 37831)

‘Thermal profiles were oblained during periods of melling, aclive
convection, and ¢rysuallization of a man-made basaliic (basanitic) magma
body, The lopolith-shaped body (3 m diameter, 2.8 m deep) was formed
at Oak Ridge, Tennessée over a 130-h period by joule heating as part
of e test of i sity vitrifieation for Lreating contaminated seils. Meliing
progressed downward from the surface at 2 rate of approximalely 2 cm
per hour. Type-K, -C, and -§ thezmecouples {87 total) and six heat flux
Ssensors were wsed 10 monitor the growth and thermal history of the body.
Hyperliquidus temperaruces during aclive melting ranged from 12
to 1500 C and were significantly dependent upon power levels supplied
by the joule heaiing, The data frem widely-spaced Lhermocouples Tocared
within the melt suggest that ro large thérmal gradients were present.
Chemical compositions of previous meks of this type suggest that the
magma bodies are well-mixed with no ehemical gradients. Upon
terminalion of power, temp d d at rates of 20.C per hour.
Afer 2 h of cooling, a thermal arrest was abserved at 1145 C in the
temperature vslime profiles of widely-spaced thermocouples immersed
in the melt. This arrest, which lasted for 20 h, indicated extensive
z'oysta.llimr.ian and the concemitent releass of laiznt heat, Approximately
e

h later, thermocouples 1 m from he edge of the melt recorded
rature increases, suggesting the anrival of the latem heat released
during the crystallizarion of the melt, The total larent heal released over
this 20-h pertod is estimated to be 4 gigajoules. This quantity of heat
Is more than sufficient to account for the emperature rises measured
in the volume of soil surrounding the crystatlizing mell. Core samples
of the body conficnved its erystalline nature. Textures observed in drill
care samples include void spaces containing partial fillings of long
acicular crystals and holotrystalline masses of coalescing spherulites,

This page may be [recly copied.
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Seismic Profiling of a Man-Made Magma Chamber

R T Williams and M A Speece (both at Dept of Geological Sciences,
University of Tennessee, Knoxville, TN 37996 & Environmenlal
Sciences Division, Oak Ridge National Lab, Qak Ridge, TN 37831)

A lopolith-shaped mell, which was produced during a test of in situ
vilrification for treating conteminated soils, was the target for seismic
profiling. The primary purposs of this work was (o produce a réflevence
seismic data set for a well-known object that is analogous 10 magmalic
strectures in the earth, which can be used Lo 1est different seismic
imaging algorithms. The melt was preduced by electrically heating soil
and crushed limestone for approximately 130 hours, uniil a maximum
size of 3 m diameler and 2.8 m depth was achieved, The shape,
temperature, and chemical composilion of the mel were monitored by
an array of thermocouples, b pling gases and particul and by
core- drilling the cooled, crystalline mass.

Seismic data were recorded before healing, ai 3 times during heating,
and at 4 times after the electrical current was turned off. Data were
oblained along a profile through the ecnier of the melt, using a shotgun
source, 3-component 100 Hz peophores on the surface, and 2 vertical
arrays of 3-companent geophones in boreholes, one on each side of
the mell. The shotpoint and geophone spacings were 1 meter. Data
were also obtained along a szcond profile thal was offset by | meter,
approximately through the edge of the melt.

Major differences exisl between data recorded at different times during
healing and cooling., Changes in the 1races on Lhe transmilled ar forward-
scattercd side of the melt are greater than on the reflected ar back-
scaltercd side, Also, differences in ke (rave] times for the first arrivals
are less obvicus than wavel time and amplitude changes in the later
arrivals.

Vo2a-3 408

Carbon-Controlled Magmatic Oxidation State. Evidence From Reduction
of Melal From a Man-Made Andcesilic Magma

G K Jacobs, N W Dunbar (Environmenlzl Sciences Division, Oak Ridge
National Lab, Oak Ridge, TN, 37831); L A Taylor (Depl. of
Gealogical Sciences, University of Tennessee, Knoxville, TN, 37996}

Meral beads up to 1 cm in diameter were observed suspended in a
recently-produced man-made body of andesitic plass. The roughly
hemiisperical glass block, with a diameter of 6.5 m and depth ef 3.6
m, was produced by resistance heating of an andesitic composition sand,
as part of an in situ vitrification project at Hanford, Washinglon aimed
at stabitizalion of some rypes of chemical waste. A 150-kg slab of
metal was also found at the botiom of ihe melt zone, apparently formed
from settled and coalesced beads. The beads are composed dominantly
of Fe and P, with subordinant Co and Ni and teace Cr, in the phases
schreibersile  (Fe-Ni3F) and kamacite (Fe-Ni), minerals usually
assagiated with lunar rocks or meleoritgs. Fhese two phases are present
in all beads, bolk in bleb- and lath-like forms where the schreibersite
has exsolved from the kamacilc matrix.  Although the beads arc
widespread in the main glass body, none were observed in Lthe partial
melt zone of the plass around the margins of the block. Glass associated
wilh the partial melt zonc is enriched in Fe and P with respect to the
nzain body of glass, although the only residual crysialline phase presenl
at the boundary of the fusion zone is minor quanz. The Co/Ni ralio
of ~1 in the mezal beads is similar lo that of errestrial mafic magmas.
Thesc observalions suggest Lhat the beads were formed by reduction
of Fe, P. Ni, Co, and Cr ions fram the andesitic mell, ard that the
melt was strongly reducing, with log fO2 on the order of -12 to -16
at paslulated iemperatures of 1400-1600 C and P =1 bar. The reducing
conditions were conirolled by the presence of abundani carbon in the
mel, derived from 4 large (0.3 m diameier) graphile clecteodes used
10 drive the resistance-induced melting.  Caleulatlons suggest that CO
and CH4 may have been the dominant C-bearing gas species produced
in this syslem.

Vi2-4  1415h

Scistnic Mapping of a Mogma Chamber Beneath the Valu
Fa Ridge, Lau Basin

Jdenny Collicr & Marlin Sinha (Depl. of Earth Sciences, Cambridge
University, CB3 QEZ, UK)

A dense grid of normal incidence seismic reflection profiles, with
40 kilomelre-spaced across-axis lines and 5 ridge-parallel lines, was
collected over a 35 km long morplological scgment and a small
overlapping spreading centre of an aclive back-are spreading centre
in the Lau Basin ($W Pacific) in 1956 by RRS Charles Darwin.
A bright refeclor, which is coincident with a velogily inversion at
a depth of 3.2 £ 0.2 km below the seafloor, is abserved ou every
across-axis profile. We inlerpret Lhis refleclor as being the roof of
a crustal magma chamber. The widesl magma chamber reflector
oceurs benealh Lhe overlapping spreading centre, where it extends
up Lo 4 km, being imaged beneath both ridges and, in places,
bencath the overlap basin. Elsewhere the width of Lhe reflectar
varies between (.6 and 2.3 £0.1 km, The narrowest reflectors are
observed benealh deviations (devals) of the ridge axis. In addition
to being obscrved on each across-axis profile the rellector is also
seen as a continuous evenl for at |east 10 km on the profile along
the ridge axis.

Vo2A-D 143N

Liquid Immiscibility in the Fuji 1707
Calc-alkaline Magma Chamber, Japan

Tauuhiko Kawamoio (Dept. of Geology and Mineralogy, Faculty of
Scienee, Kyoto University, Kyunb&. Tapan) i




