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A·,BSTRACT

This stooy a.ttempted to examine the process of L1 enrichment

in spilites by testing the hypothesis that 1i is concentrated in meta-

morphosed basa~ts,from hydrothermal solutions in the temperature ran~e
\ ".!

4000 to 700QC and at.a 1.5 kb pressure. Using a double-capsule technique
I

1i was partitioned between albite and chlorite in a common vapor phase.

These minerals were used since they are commonly found in the greenschist

facies and chlerite is susJ;ected to be the main Li host. The chlorite

(clinochlore) and albite were grown from synthetic gels. A few exper~
. ,- " L

iments were also attempted with a 'natural albite and 'hatural Fe-chlorite •
•

11 analysts was carried out by atomic absorption and neutron activation.
. .

A variation between temperature and the partition coefficient

of 1i between albite and chlorite could not be resolved. Therefore, the

average partition coefficlent from all synthetic experimen~s was Dalb-enl =
0.,56 :!: .06. The p::trtition coeft;icient in the natural system was not

,..J'-""

significantly higher, (na.lb-chl..= 0.81 ! .46).' Considerable doubt exists
. .

as to the accuracy, of the vapor-mineral partition coefficients because

of the poor Li mass balance. A range of ~ssible vapor-mineral distri­

butions was obtained:

Dvap-alb

Dvap..ehl

measured

2.77 :!: 6.45
1.10 .! 2.31'

iii

predicted from Li mass balance

S.97:!: 7.99
2.89 :!: 3.J4



The measured Li partition coefficients do not 'explain the

behavior of Li in spilites because too much Li went into the albite, and

vap,-chlthe D' was not less than 1.00 so ~~t most hydrothermal waters do

not contain enough Li to produce the observed enrichment in'spilites.

Lithium may be precipitat:ed in spilites at lower temperatures or' pres-

sures thari those in this study.
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CHAPl'ER I
e_'

INTRODUCTION

I-I Purpose of the study

Shaw et. a1. (1977) have shown that ~pilitised basalts

contain more Li ( average::: 75 ppn ) than fresh basalts ( averag~ ::: 12

ppn ). 'Lithium was show!V,to increase with weight percent ,H
2
0 and

"', with a decrease i~ the ratio caO/A120
3

. Since H20 increases and CC?-0

decreases wtth spilitisation' of basalts Shaw et. a1. (1977) sugge!3t

that Li increase is chara~teristic of spilitization•.,;..

Shaw et. al. (1977) predicted the Li/Na ~tio of the fluid~

which produce spilitisation. These predictions were limited because
r '

the mechanism of Li uptake in spilites is not clearly understood~

Floyd (1977) indicated that Li was enriched in chlorite-rich p;l..tphes.

Unpublished. ion probe data of J. V. Smith also show that ti is c.on­

centrated in chlorite.

The purpose of this study is to improve our understanding

of Li behavior during spilitisation. Two essent\al secondary minerals.

:'(1,) in spilites are chlorite and albite. Therefor'e, this study wili try

to determine the distribution of Li between these two minerals" in a

cOlllJl1on vapor phase. This ~ould'demonstrate 'whether' or not Li prefers

to enter chlorite. The Li/Na' raj;.io <?f. t~e hYdrotbermal fluid and the.

effect' of' temperature will also be st~led.

I

. .
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In summary, this study will test ~he hypothesis that Li

distribution be~ween albite and chlorite in a common, vapor phase at

400 to 700°· C ?llq 1.5 kb can explain 11 u~ake in spilitised ~salts.

'\

~2 Previous work on Li distribution

Volfinger (1970) measured Li and K exchange between mus­

covite and vapor, and sanidine an~" vapor at 600° C and 1 kb. !'1uscovite
- '\,

might be considered as a mica analogue to. chlorite, and sanidine as

an analogue to albite. The. exchange isotherms for both ~inerals ar~

curved with the increasing atomic ratio G! Li/K ( Figures I~I and 1-2 ).

Lithium prefers to enter muscovit.e·' between aJ.oglO (Li/K) of -2.5musc

and -1. Volfinger and Robert (1979) measur.ed Li and K exchange between

phl'qgopite and vapor ( FiguJ;"e 1-3). This exchange isotherm is also
, .

curved'with Li prefering to enter phlogopite at loglO (Li/K)phlog less
~\

than.- 2.).

Matsui et. ale (1977) reported partition coeffi~ients

be.tween phenocrysts and ground.l1lass for Li and other elements. The

'minerals included olivine, aug~t~, plagioclase ( ~oun~ss-min = 0.20 ), .
, . Li

hornblende and biotite. A.plagioclase/augite Li distribution in a, .

bronzitite was. Dplag- aug ='0.76. The autho1Z'S also used Onuma diagramsLi ..

to show that Li should enter the same siteslas Mg.
~

Liotard e~•. al. (1979) measured partition coefficients

"between plagioclase and matrix from a calk-alkaline suite in Peru.,

. matrix-plag matrix-p'~~
In an~esite DU varieo. from 0.40 to 2.27. In dacite D

Li
~

6 4 ' matrix-plag'was 0.5 to .17. ~n rhyolite DLi was o.2~ to 0.36.



,

Fi~e I-I Li/K exchange isotherms between ~anidine and mus­

covite a?d a vapor phase at 6000 C' and 1 kb. Ratios are in atomic

numbers. (Volfinger, 1970)-

.,
FigUre 1-2 Li/K exchange isotherm between sarlidine and muscovite

at 6000 C and 1 kb. The isotherm is calculated from the results
;.

in figure I-I. (Volfinger, 1970)

Figure 1-) Li/K eXchange isotherm between vapor and phlogopite

at 6000 C and 1 kb. Ratios arE> in atomic numbers. (Volfinger

and 'Robert, 1979)

•
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1-3 Geochemistry of lithium

Lithium is a group 1 alkali metal with the atomic number

of 3 and an atomic weight of 6.~. It has two naturally occup-ing

isotopes (6Li = 7.4%; 7Li = 92 .f:r/o).

Lithium has two electrons in the s-l orbital and one electron

in the 5-2 orbital. The latter electron is lost very easily, leavins

it with the ~lectron configuration of helium. Since Li is easilv

ionized into a cation it is very reactive. Lithium has the highest

polarizing power of all the alkalies. This leads to low solubilities

of various salts such as the fluoride, carbonate, and phosphate, and

to a tendancy for covalent bond formation.and solvation.

The small size of the Li ion makes substitution with Na

difficult. .. • +3' +2 +2A similar 10n1C rad1us to Al , Fe , and Mg makes sub-

stitution'with these elements possible. Lit~ has similar geochemical

behaviour to Mg. In bonds with oxygen Li is found in four-fbld and

six-fold COOrdination. other properties of Li, as well as Na, K, Rb,

Cs, and Mg are summarized in table I-I.

In an exchange reaction with an anionic ligand the order

of preference is Li < Na < K < Rb < Cs. If bonding is purely electro-

static the cation with the smallest solvation radius will be preferred.

Lithium, with~he largest solvation radius, is least preferred. (Cotton

and Wilkins~ny.
~conomic concentrat~ons of Li may be recovered from certain

pegmatites. Important Li minerals ~ecovered from pegmatites include

{.
















































































































































































































