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A

 

series

 

of

 

experim ents

 

was

 

carried

 

out

 

in

 

w hich

 

boron

 

minerals

 

were

 

precipitated

 

from

 

pH-

 

and

 

chemical

 

com position-controlled

 

solutions

 

at

 

25

 

'C

 

and

 

boron

 

isotope

 

fractionation

 

accom panying

 

the

 

mineral

 

deposition

 

was

 

m easured.

 

Borax,

 

sassolite

 

and

 

sborgite

 

were

 

synthesized

 

from

 

aqueous

 

boric

 

acid-sodium

 

hydroxide

 

solutions.

 

Borax

 

w as

 

obtained

 

from

 

solutions

 

with

 

higher

 

pH

 

and

 

sassolite

 

from
 solutions with

 

lower pH , irrespective of

 

the

 

m ole ratio

 

of

 

B

 

and

 

N a

 

in the solution. The fractionation

 

factor,

 

S,

 

defined

 

as

 

S = (11B/roB)

 

･

 

/

 

(11B/roB)sotu*i..

 

increases

 

with

 

increasing

 

the

 

pH

 

of

 

the

 

solution

 

~*****l

 

for

 

both

 

borax

 

and

 

sassolite.

 

A

 

cross-over

 

point

 

at

 

which

 

S=

 

I

 

w as

 

found

 

at

 

about

 

pH = 9.5

 

for

 

borax,

 

w hile

 

S

 

w as

 

always

 

larger

 

than

 

unity

 

for

 

sassolite.

 

T he

 

present

 

results

 

of

 

boron

 

isotope

 

fractionation

 

are

 

consistent

 

with

 

theoretical

 

prediction

 

of

 

equilibrium

 

isotope

 

effects,

 

although

 

the

 

experim ental

 
equilibrium

 
constant

 
of

 
the

 
boron
 
isotope

 
exchange

 
reaction

 
between

 
B(O H )3  and  B(O H)~ at 25 'C is 

larger

 

than

 

that

 

theoretically

 

predicted

 

(1

 

.03-1

 

.05

 

com pared

 

to

 

I

 

.0194).

 

INTR O DU CTIO N

 

V ariations

 

in

 

boron

 

isotopic

 

com positions

 

in

 nature are of geochem ical

 

and  cosm ochem ical

 

im portance.

 

T hey

 

are

 

utilizable
 

for
 

studying

 

nucleosynthetic

 

m echanism

 

at

 

the

 

early

 

stage

 

of

 

the

 

solar

 

system

 

and

 

the

 

galaxy

 

(Ishikaw a

 

and

 

N akam ura,

 

1989),

 

and

 

are

 

also

 

used

 

for

 

studying

 

the

 

sedim entary

 

cycle

 

of

 

boron

 

(Spivack

 

et

 

al.,

 

1987),

 

hydrotherm al

 

and

 

geotherm al

 

processes

 

(Spivack

 

and

 

E dm ond,

 

1987),

 

the

 

interaction

 

of

 

m agm as

 

with

 

sea

 

w ater

 

(K anzaki

 

et

 

al.,

 

1979;

 

N om ura

 

et

 

al.,

 

1982;

 

Oi

 

et

 

a/.,

 

1991)

 

and

 

the

 

genesis

 

of

 

ore

 

deposits

 

(P alm er
 

and

 

Slack,

 

1989;

 

Slack

 

et

 

al.,

 

1989).

 

T o

 

m ake

 

full

 

use

 

of

 

boron

 

isotopes

 

as

 

a

 

tracer

 

in

 

natural

 

system s,

 

it

 

is

 

necessary

 

to

 

have

 

a

 

good

 

understanding

 

of

 

boron

 

isotope

 

effects

 

w hich

 

occur

 

at

 

each

 

step

 

of

 

boron

 

reaction

 

in

 

nature.

 

In

 

a

 

previous

 

paper

 

(O i

 

et

 

al.

 

,

 

1989),

 

w e

 

show-

ed

 

that

 

evaporite

 

boron

 

m inerals

 

with

 

the

 

sam e

 

geologic

 

origin

 

but

 

with

 

different

 

structural

 

for-

m ulae

 

have

 

different

 

boron

 

isotopic

 

com posi-

tions.

 

T hat

 

is,

 

minerals
 

with

 

higher

 

B 03

 

IB0 4

 

ratios

 

(the

 

ratio

 

of

 

the

 

num ber

 

of

 

B 03

 

triangle

 

units

 

to

 

the

 

num ber

 

of

 

B 04

 

tetrahedron

 

units

 

in

 

the

 

structural

 

form ula

 

of

 

a

 

m ineral)

 

have

 

higher

 

11B /roB

 

ratios.

 

T his

 

observation

 

is

 

consistent

 

with

 

prediction

 

from

 

the

 

theory

 

of

 

isotope

 

effects

 

based

 

on

 

the

 

isotopic

 

reduced

 

partition

 

function

 

ratios

 

(R P FR S)

 

(Bigeleisen

 

and

 

M ayer,

 

1947).

 

H ow ever,

 

a

 

quantitative

 

approach

 

is

 

still

 

re-

quired.

 

The

 

previous

 

study

 

show ed

 

that

 

the

 

type

 

of

 

m ineral

 

form ed

 

and

 

its

 

boron

 

isotopic

 

ratio

 

are

 

strongly

 

dependent

 

on

 

the

 

chem ical

 

com posi-
tion

 

and

 

pH

 

of

 

original

 

solution

 

from

 

w hich

 

the

 

m ineral

 

w as

 

deposited.

 

T herefore,

 

to

 

elucidate

 

quantitatively

 

boron

 

isotope

 

fractionation

 

in

 

the

 

377

 


