Lunar and Planetary Science XXXI 1658.pdf

THE HYDROLOGY OF ICY PLANETESIMALS INFERRED FROM CARBONACEOUS CHONDRITE
OXYGEN ISOTOPE RATIOS . E. D. Yound and R.D. Ash 'Department of Earth Sciences, University of Ox-
ford, Parks Road, Oxford, OX1 3PR, UK (ed.young@earth.ox.ac.uk).

Introduction:  The diversity of mineralogy and tribution of oxygen isotopes due to mineral-mineral
oxygen isotope ratios among carbonaceous chondritesequilibration, and progress of the reaction
is spanned by the CV, CM, and CI groups. Calculations
are presented showing that this diversity can be ex- 4M@,SiO, + 5CG, + H,O
plained by down-temperature flow of aqueous fluid at = 5MgCo+ MgsSi;O;0(OH),
temperatures near 273 K within icy, internally-heated
asteroidal parent bodies. It isggested that if water-
rich ices co-accreted with carbonceous chondrite rock , ‘ . , , ‘

in the early solar system, that fluid flow caused by in- 2 ' | | ' ‘ |
ternal heating in these icy planetesimals would lead to 1T T
the patterns of oxygen isotope ratios and mineralogies 0 ;LL’H
exhibited by the carbonaceous chondrites. OSNC

Motivation: Ultraviolet laser ablation/fluorination 17 -7 T
measurements ofO/°0 and *®*0/*°0 in chondrules Fro 1 CCAM oFarth |
and a CAI from the Allende meteorite [1,2] suggest
that shifts in these ratios attending aqueous alteration -37T Allende barred chondrule C6 I
occurred along a mass fractionation curve with' @ -4t ©olivinebars T
of —2.7 (Allende mass fractionation curve, AMF, Fig. S o slerdmesostasis AMF

- I I I I I

. . . . . f
1). Previous models for the isotopic and mineralogical 50 40 30 20 -10 0 10 20

evolution of carbonaceous chondrites during aqueous

fluid-rock exchange are based on fluid-rock ratios and 3180 smow
assume motionless water [3]. These models can not
account for shifts in rock0/*°0 at constann'’O by Fig. 1 Oxygen isotope ratios in an Allende chondrule ob-

interaction with water-rich fluid. Instead, the observa- tained by laser ablation. Ordinate shows deviations from the
tion that 80/*%0 increased at constamhl’O requires slope-1.00 line on the conventional three-isotope plot.
that the water moved down a temperature gradient
while exchanging with the host rock.
Phyllosilicate mineral separates from CM carbona-

ceous chondrites with relatively 1680/*°O lie on the 2 L
AMF while isotopically heavier hydrous minerals ex- T LLLH |
hibit A™O ranging up to values comparable to the ClI 0 : ©
. . - 16 1T OSNC £

group (Fig. 2). This pattern of phyllosilicatéo/*°0 T coan ; o Earth
andA'0 ranging from the AMF to the Cl field (lower 17 -2
right in Fig. 2) suggests a potential link between al- F0 37 T
teration in the CV, CM, and CI groups. 47 : il

Model: Our previous models for aqueous fluid -5 CM mineral separates T
flow in icy planetesimals [4] have been improved by 6T o anhydrous T
smearing discontinuous temperature-dependent prop- s Ahydrows AMF %"
erties with error functions. This procedure eliminates -8 " " " * * "
numerical artifacts that contribute spurious changes in -50 -40 -30 -20 -10 0 10 20
A0 adjacent fluid-rock exchange fronts. 5180 smow

The models depict the evolution of a fictive chon- _. . .
P Fig. 2 Conventional mineral separate data for CMs from the

dritic planetesimal by solving conservation equations . .
for COy, 180, and 0 in the fluid phase together with :f:\e/lrzture [5,6] showing hydrous phases both on and off the

the conductive heat transfer equation. The heat source
is 2°Al distributed uniformly throughout the rock por-

tion of the spherical body. The conservation equations
include the effects of oxygen isotopic exchange, redis-

The net-transfer reaction serves as an analogue for the
conversion of anhydrous minerals (represented by for-
sterite) to hydrous phases like saponite and serpentine
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(represented by talc) and carbonates (represented bwvell above the terrestrial mass fractionation curve

magnesite). The reaction is driven by introduction of (TMF).
CG; into the pore liquid during melting of ice.
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Results: Results show that fluid flux within the fic- 20
tive planetesimal is maximized where water ice and 15

liquid coexist (near the 273 K isotherm at any given 10
time interval). This maximum in fluid flux is typical of o070 [t

5 .
cryohydrological systems in terrestrial environments 0 M
[7]. An alteration front in which new minerals grow X CM carbonte
with fluid-like AYO forms deep within the interior of > model 4 model hydrous
icti I H initial rock % model carbonate ]
the fictive planetesimal as a consequence of the maxi- -10 P deam « model anhydrous
mum in fluid flux and protracted exchange of oxygen N — bt

between fluid and rock. The width and radial extent of -10-5°0 5 10 15 20 25 30 35 40 45 50
the alteration front depends upon the rate of ice melting 518
. . . O SMOW
(and hence fluid flux) relative to reaction rates.
An example result is shown in Figs. 3 and 4. The Fig. 3 Three-isotope plot showing model calculations de-
body in this model has a radius of 25 km. Results are picting oxygen isotope ratios in an icy planetesimal. Cl and

shown after 1Ma of heating BYAI (initial 2°Al/*’Al = CM meteorite data are shown for comparison [5,6,8].
2.3e-6), yielding a maximum core temperature of 330

K. Data from the literature are shown in Fig. 3 for % reaction progress
comparison. Each model datum in Fig. 3 represents the L0 06 07 14 41 140 003

isotopic composition of the indicated mineral (phyllo- T front i
silicate, anhydrous, or carbonate) as sampled at ap- 0:5

proximately 300-meter intervals. Fig. 4 shows that 0.0 ¢ 1
growth of hydrous and carbonate minerals is concen- 05 F ]
trated in the alteration front whef2’O is highest. Ap-  Al7Orock ¢ & 1
preciable growth of secondary minerals also occurs 15k 1

down-

upstream of the front. CM phyllosilicates and carbon- stream -

ates correspond to model hydrous and carbonate phase
in the interior of the fictive planetesimal upstream of
the alteration front. Cl phyllosilicates match the model 30 10000 20000 30000
hydrous phases within the alteration front. The increase radius (km)
in *0/*®0 at the initial rockA'’O (the AMF), as exhib-
?tEd b,y altered components of the Allende CV meteor- Fig. 4 Plot of radius vsA'’O for model planetesimal. Per
ite (Fig. 1), Oc.curs downstream of the front where tem- cent values refer to mole per cent new mineral growth.
perature gradients are the greatest as a result of either
simple exchange (gray dots) or incipient new mineral
growth (gray triangles mixed with gray dots).
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Instead, the modeling is interpreted to mean that initial
rock A'O values for many carbonaceous chondrite
bodies as a whole were in the vicinity of -3 per mil
and that co-accreted ices had considerably highe
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