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Lithium 3-A-l 

3-A. Crystal Chemistry 
Tbe most imporu.nt common characretistic of the alkali elements is the single 

electron in the outermost energy level of their atoms. As shown by the spectro­
scopically determined ionization energies, these electrons can be easily detached. The 
cores remaining after the first ionization have the same electronic configuration as 
the immediately preceeding noble gases in the periodic table, and this face explains 
the very higb second ionization potentials. The aptitude of the alkali metals to be 
transformed into positively charged ions results in their extremely reactive chemical 
character. Lithium exhibits many simllarlties with the other alkali metals, althougb 
the small size ofthe Li atom and the Li- ion does lead to some remarkable differences; 
in many respects irs behavior constitutes a transition between [be group of the alkali 
metals and rhat of the alkaline earth metals, especially magnesium. Characteristic 
properties for lithium are: the low solubilities of various sahs e.g. the fluoride, 

Table 3-A·1. Lilhium ",inrra/.r 

Compound References 

Cryolithionirc: NasAlt(LJ[tlFtls ,MENZER (SB 1930, 
498) 

Liduophospbacite Li.[t1fPOt] ZE:olll.NN (SR 1960, 
397) 

Triphylite Li\ll(Fe, Mn)[POtJ DESTENlI.'l' 
(SR 1950, 319) 

Amblygonitc: LJI61AJ(F,OH)[P°tJ BlI.UR (SR 1959, 429) 
Euerypdre LilllAJ[SiOt] WINIU.ER (SR 1953, 

562) 
Spodurnene U[11AJ[SiPt] CLARK; II al. (1969) 
Bikitaire Li[AJSiPI] . ~O HURLBUT (SR 1957, 

436) 
Pctalite Liltl[AlSiPlO] LJEBlI.u (SR 1961, 

505) 
Neprunlre Li[11KN~F.:,.TiP.[Si. O!.] ClI.NNJI.J.O rt al. 

(1966) 
Holmquistite Li!['l~(Mg, Fe).(OHh[SiPul: WHrTTAX£R (1969) 

(Li-amphibole) 
Lc:pidoliu: ~(F, OH).[SiPIO] RADOSLOVJCH (1963) 

(Li-mia) 
Zinnwllldite KLiFeA.J(F,OH):[AJSiPIO] RADoSLOVJCH (1963) 

{Li-rruca) 
Ccckene 

{Li-chlorite) 
UAJ1(OH)1 [AJSi.o1O) BROWNand BAllJ>'{ 

(1962) 
Elhaite Na(AJ, Li, Mg)ltI1(OH, FMBO,l.lSiIO,I] 11'0 and SAnANAGlI. 

[Li-rourmaline) (SR 1951, 310) 
Lhbtopborite (Al, Li)lllMnO:(OH): WADSLEY (SR 1952, 

266) 
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carbonate and phosphate, the tendency towards covalent bond formadoo, and 
solvation - all of which ace due to the high polarizing power of Lit, the highest 
of all the alkali ions. 

Because of the small size of Li+ with respect to that of the next alkaline ion Nae, 
we an ~ect only rather limited substitution of lithium for sodium in crystals. 
A possible diadochy between Li- and Al3+, Fe2+ and especially Mg2+, owing to the 
radius similarity of these ions, may take place in the late phases of magmatic crystalli­
zation and affects the compositions of some minerals, e.g. clinopyroxenea and micas. 
There are, however, a few independent lithium minerals, which arc listed in 
Tables 3-A-l and 3-D-1. 

With the exception of ceyolithionite, N~~[LiF,h. and lithiopborite, (AI, Li) 
Mn0S(OH)2' lithium occurs in nature mostly in silicates or phosphates. Therefore, 
the present crystallochetnical review concerns only Iirhium-halcgen and llrhium­
oxygen bonds. 

I. Li Halides 
From alkali halides a set of effective ionic radii for the alkali ions can be derived. 

The value for u- is 0.76 A (see this bandbook, Vol. I, Table 12-6, p. 390). 

In the Li-balides which show the NaCl structure type, the Li- ions is in e-Icld 
coordination with Li-halogen hand lengths as follows: Li-F. 2.014A; Li-Cl, 
2.570 A; Li-Br, 2.751 A; U-I, 3.000 A (after SYSIO, 1969). Very similar bond 
lengths for Li octahedrally coordinated by fluorine are found in Li[SbFol (BURNS, 

1962) namely Li-F, 2.032 A. Distorted octahedral coordination oceurs in ~BeZrFl2 

(SEARS and BURNS, 1964) with average Li-F bond lengths of 2.06 A and 2.04 A 
respectively for the two crystallographlcally non-equivalent LiFo octahedra. 

Other fluorides show Li in tetrahedral coordination. In l.4.[BeFt l (BUll.NS and 
GORDON, 1966), whose structure is Isoeypic with phenakire, the average Li-F 
distances for the two independent LiFt tetrahedra are 1.675 and 1.661 A; the mineral 
cryolithionite is isostructural with garnets, with LiFt replacing SiOt tetrahedra, 
(MENzp.R., SB 1930, 498). Li also has tetrahedral coordination in L~iFu wh.ich 
belongs to the family of inverse spinels (RtlDORPF and KANDLER, SR 1957, 267). 

Concerning distances between Li and the other halogens, JACOBI and BREHLER 

(1969) report two independent Li(Hf:O)2C~ octahedra in LieZn04 • 2 1-40 with 
average Li-Cl bond lengths of 2.75 A, sign.i1icandy longer than those in LiCl. 

II. Oxygen-containing Li Compounds 
In structures wbere lithium is coordinated to oxygen, Ll- usually exhibits the 

coordination numbers four or six, in the form of more or less disrorted tetrahedra 
and octahedra. 

The occurrence of such different coordination numbers arises from rhe fact cbat 
the crystal structure of most of the oxygenated compounds, cont:a.ining no other 
large ion, can be explained by close packing of oxygen atoms. The lithium ions can 
be accomodared in rhe tetrahedral and octahedral sites of this packing. 

Tables 3-A-2a and 3-A-2b list Li+-O bond lengths for 4- and 6-coordination 
respectively. 
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The tetrahedral coordination occurs more frequently than the: octahedral cue, 
As with the fluorides the Li ['LO distances are shorter than the Li [Ql_0 distances. 
The average value for Li(']-O is 1.97 A, while the avetllge Li [6LO bond length is 
2.14 A, These values can be compared with 1.62 A reported by AKl!lIN and RAJ,r­
lIIDI (SR 1958, 282) for the Li-O bond length from eleetrcnle diffraction data on 
Li20 vapour. Solid L4P has an <.anti-fluorite" structure, with a Li [41_0 bond 
length of 2.00 A (Zl.NTL et at., sn 1934, 263). 

An intermediate coordination number was found (HAUR, SR 1959, 429) in the 
mineral amblygonitc, LiA1(OH, F)[PO,I, in which Li- is coordinated in the form 
of a distorted trigonal bipyramid by four oxygcn atoms of PO, gcoups (at distances 
2.12± 3, 2.05±3, 2.11±3, and 2.14±3 A) and one (OH. F) ion (at a distance of 
1.95± 3 A). The average Li[61_0 bond length is 2.07 A, intermediate berween the 
values found for tetrahedral and octahedral ccordlnadens, In Li[B021 the: 11+ ion 
also binds four oxygen atoms at an average distance of 1.967 A and one more oxygcn 
atom at 2.473 A (ZACHAR.lASEN, 1964). In U(As031 (HILMER .and DORNDERGER~ 
SCffiFF. SR 1957, 391) one lithium ion shows tetrahedral coordination, and a second 
one has four neighboring oxygen atoms at an avetllge distance of 1.99 A and two 
more oxygen atoms at 2.54 A. In these last cases tbe lithium coordination number 
can be described as (4+1) and (4+2) respectively. The structure of LifAsO,J 
closely resembles the structure of diopside Gu\{g[Si:Ps]' 

The dicpside atomic arrangement is present also in LiNa[BeF312 (HAHN, SR 1953, 
336) and in spcdcmene, a.~LiAl(SiPQl (WAlllILN and BISCOE, SB, 1931, 527). 

Several structures conralning LiO,- tetrahedra can be related to SiO~ structure 
l)'Pes; in KLi(SO,-J (BRADLEY, SB 1925. 376), Li tetrahedra share the four vertices 
with different SO.. tetrahedra to form a cridymlte-Ilke framework. In tetragonal 
y-LiAlOz (MAltEZro. 1965a; BERTAUT et at., 1965), AIO..-rerrahedra share comers to 
build a cristohalite-like framework. The Li- ions arc accomodated in tetrahedral 
holes and each LiO~ tetrahedron shares an edge with an AlO. tctrobcdton. 

Some Li-silicate structures can be considered (Q be derivatives of SiO!! structures. 
In fi-LifAISiOtl (WINI>.LER, SR 1948,474), the small Li- ions are aceomodated in the 
empty ehannels of an atomic arnl.tlgement where AI, Si and oxygen aroma occupy 
the same sites as in the high-quartz. The hexagonal form of spcdurcece (y-spodu­
mene, Li [AIS~Od-IlI) (Lr, 1968),also has the high-quartz structure with the Li- ions 
randomly situated in tetrahedral interstitial holes on equlpoiurs of rank 3; additional 
tetrahedral sites are also possible for Lit in the structure. 

The framework of ,B-spodumene, Li[AISi,PGI-ll (LI and PUCOR, 1968), is lso­
typic with keatire and the four lithium ions per unit cell are randomly distributed 
among four sets of paired eight-fold equlpolnts with 1/2 occupancy in tetrahedral 
oxygen environment. Several additional distorted tetrahedral sites are available; 
furthermore, Li may occupy octahedral positions at higher temper:anu:e. 

Tetrahedral lithium coordination occurs in some layer or chain silicates and in 
structurally related germanares: in these structures chains or layers form the 
structure and arc linked together by Li ions in a three-dimensional framework. In 
Li[Si03 ] (SI.EMA!'.'N, SR 1956, 404), Li tetrahedra sbare all vertices with other LiD. 
tetrahedra. In Li2[S4.05] (LIEBAU, SR 1961, 506) and ~[(Sio.25Geo15)P51 (VCiLLEN­



3-A-4 Lithium 

"I.E eta!., 196B), LiD" rerrahedra are linked together in pairs by sharing edges; 
these doublets share vertices to form complex chains which run parallel to the taxes. 
In the first case these chains bind twO adjacent Si sheets; in the second case they 
connect different chains built up by (Sl, Ge)O" tetrahedra and rullCl.ing parallel 
to the Li chains. In the mineral petalite, Li[AlSi..o10J (Lreaxo, SR 1961; 506). 
Li ions share opposite edges with Al tetrahedra forming Li-Al-Li-Al chains 
running along tbe b axis and connecting two sheets of SiD" rerrahedra in a three­
dimensional framework. 

Several structures of artificial Li compounds consist of vertex-linked tetrahedra 
Frameworks similar to that of phenakitc; typical examples are Li2[W0,,] (ZACHA­
RIASE.N and PLETTINGER, SR 1961,391), LiAlGeO". LiGaGeO". LiZnVO" (BUSSE, 
1963).eucrvptire (<:t-Li[AlSiO",]) (\VIS-KLER, SR 1953. 562),:J.Dd ~[BeF4]. In LLGaO:!. 
(MARl'..ZIO. 1965b), connections between Li0-t and GaO", tetrahedra occur through 
vertices. each oxygen atom being shared by four tctrahedra, two Ga-centered and 
two Li-centered, LiGaO~ has the art:I.Dgement of a wurtzire-Iike structure. In 
Iithiophospharltc, low-temperature Lia(POt ] (ZEJ,lANN. SR 1960. 397). LiO t tetra­
hedra sbarc edges and vertices with each other and are linked by corners to PO", tetra­
hedra; the resulting structure can be described as a distorted hexagonal close-packing 
of oxygen atoms. where Li and P atoms occupy tetrahedral sires. Comparison of 
x-ray powder data and Lt. spectra of the low- and hlgh-rcmpcrarure forms of 
Lia[P04] suggests that important structural rearrangemems are not involved in the 
transition (TARTB, 1967). 

In (NHJLi[S04l (DOLLASE, 1969) and in (N2Hs)Li[SO",J (BROWN, 1964). each 
LiO", tetrahedron shares the four corners with four different Sat tetrahedra and 
vice-versa to form a three-dimensional network with four- and six- and four- and 
eigbt-membered rings respectively, Rings of four and eight rcrrahedra Li- and 
Sccentered are present in the framework of Li2[SO".J · H:P (LARSON, 1965) where 
each Li tetrahedron shares corners with different Li and S tetrahedra. In Li2[c;04] 
(BEAGLEY and S;\IALL, 1964). the vertices of the LiO", tetrahedra are connected hy 
c;O",'r ions into sheets which form the crystal structure. 

Coordination octahedra around Li-t can occur either separately or linked together 
in various ways. Isolated octahedra, for example, occur in e-spodumene, where Li" 
is in sixfold coordination in contrast to the arrangement observed in {J- and r-spodu­
mene. Recent x-ray studies (CURK ffal., 1969) have shown that Ll-pyroxenes, due 
to the small size of the cation in position M2, do not mainrain the symmetry of the 
space group C2jc (corresponding ro M2 site occupied by Na or Ca), the true sym­
merry being C2. However. since deviation from C2jc occurs for a few weak reflec­
tions. refinement in this space group represents a reliable average structure. Coordi­
nation around the cation. which is irregula.cly eightfold when 1'12 is occupied by 
Na or Ca. becomes sixfold in Li-pyrcxenes because rhc two most distant oxygen 
atoms are removed from coordination polyhedron. In the synthetic pyroxene, 
(LiossFt:~_~~)(PC~~5Ft:~.D~)[Si~.P6]' Li is still in octahedral coordination but two Li-O 
distances are significantly longer (CLARK fflll.• 1969). 

Isolated octahedra occur also in neptunitc (CANNILLO et ai., 1966). In LiMn[P041 
(GELLER and DuR.Iu."ID. SR 1960, 399), the synthetic analogue of the manganous 
compound of the mineral mphyline, Li ccrahedra are linked by sharing edges to 
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Table 3.A-2a. Li(4J-----O bOllrllmgtbr 

Compound 

LiOH 
(by neutron dilL) 

LiOH· H~O 

y_LiAlO~ 

LiGaO~ 

Li![CO~J 

Li[BO~] 

Li![B,OTI 

Li~[SO,] . HIO 

LiNa[SO,] 

Li(NHJ[SO,] 

Li(N2Ha)[SO,] 

Li2[WO,] 

Li~[PO.J 

LiK2[PJO.] . Hp 

Li![SisOI] 

P-Li{AISiO,l 

Li[AlSi,OlO] 
petalire 

Li.{(Sio.uGCO.75)10IJ 

Li.[GeO,] 

LiI[c"O.] 
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References 

DACHS (SR 1959. 330) 

R,wAUO It ai, 
(SR 1957, 240) 

MAREZIO (t965a) 

MAREZIO (1965b) 

ZEYANN (SR 1957, 394) 

ZACHARIASE~ (1964) 

KROGH-MoE (1968) 

LARSON (1965) 

MOROSIN and SMITH 
(1967) 

DoJ.lJ&SE. (1969) 

BROWN (1964) 

ZACHAIUASEN and 
PLETT1NGER 
(SR 1961.391) 

ZEMANN (SR 1960. 397) 

EANJ'..S and ONOIK 
(1962) 

LLEBAU (SR 1961.506) 

W1NK.L.ER (SR 1948, 474) 

LIEBA.U (SR 1961, 506) 

VOLLENKLE d al. (19G8) 

VOLI..E.NX:LE and WITT_ 
MANN (1969) 

BEAGLEY end SUALL 
(1964) 

Distances (A) 

1.96 (4) 

1.96 (2) 

2.06± 2 (2) 

2.00±3 
2.00±2 

1.96 
1.96 

1.964±8 
1.945±8 

1.97± 2 
2.07±2 

1.917 ± 5 
1.969±6 
1.907 ± 6 
1.937 ± 9 

1.87 ±4 
2.08±4 

1.89± 10 
1.98±3 

1.96± 4 
1.97±4 

1.87 ± 8 
1.80± 8 
1.88± 8 
2.00±8 

2.00±5 
1.90±5 
1.98±5 (2) 
1.98.±5 

t.96±3 
1.93±3 

1.85 
1.99 

2.01 (4) 

1.92 (2) 

2.01± 7 
L93±7 

t.94± 5 (2) 
2.02±5 (2) 
2.14± 5 

2.076±4 
1.999±4 

1.98 (2) 

1.95±2 (2) 

2.00±2 
1.95±2 

1.97 
2.00 

1.952± 8 
2.007± 5 

2.02±2 
2.14±2 

1.950±8 
2.001 ± 7 
1.942±6 
1.953±6 

t.88± 4 
2.09±4 

1.89±4 
t.90± 2 

1.95±4 
1.88±4 

2.10±8 
1.80± 8 
1.98±8 
2.02±8 

1.97 ± 5 
1.95±5 
2.00± 5 

t.94±3 
1.97 ± 3 
2.04 
1.88 

1.99 (2) 

1.93±7 
t.90± 7 

t.92± 5 (2) 
t.94± 5 

2.033± 4 
1.935±4 

M= 

1.96 

1.97 

2.00 

1.99 

un 

1.967 

2.05 

1.959 

1.935 

1.98 

1.91 

1.94 

1.89 

1.97 

1.96 

1.99 

1.95 

1.94 

2.01 

1.95 

1.94 

1.93 
2.03 

2.011 
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form linear strings, in a structure which is related to ebrysobecyl. Similar conneerions 
occur in Li1+XVsOe (WADSL:EY, SR 1957, 301); in this compound additional Li atoms 
are probably randomly distributed in tetrahedral sites. Connections through edges 
occur also in rhombohedral double oxides with the genera! formula LiXO~ (where 
X is V. Ni, Co, Al, Ce, Rh. Nb) (WYCKOFF, 1964) with the srrucrure of the NaHF:J 
type, char is with each LiDo octahedron sharing six edges with neighboring octa­
hedra to form planes having hexagonal packing. In Li[I0a] (ROSENZWEIG and 
MOItOSIN, 1966) and LiSbOs (EnsTR.AND and INGRI, SR 1954, 444), Li octahedra 
share opposite faces to form infinite chains. A similar arrangement is observed in 
Li(CIO,,l·3B20 (DA'IT tfIJI., 1968) and Li[MnOtl' 3~O (KEnLAAR. SB 1935, 
447); the most interesting feature of these structures is that Li is coordinated only 
by oxygen atoms of water molecules forming [Lil6] (H:P)3]-chains linked to tbe 
framework by hydrogen bonds. Many synthetic Li compounds show the atomic 
arrangement of spinel (WYCKOFF, 1965). In all tbese structures Li- ions show 
octahedral coordination. LiFe50a (KAro, SR 1952. 325), L~Oh and LiwsOs also 
bave a spinel-like structure, but sbow an ordered low-temperature and a disordered 
high-temperature form. This feature occurs also in lithium ferrite LiFe02 (KATO, 
SR 1958, 325) which, after quenching from high temperature, has an NaG structure 
in which Ll" and Fe3+ ions are randomly distribured among the positions of rbe 
metallic atoms in NaG. By annealing at 570°C lithium and iron become segregated 
into a fully ordered tetragonal structure. 

The latter examples show that dia.dochy between Lrt and other cations may 
occur only under special conditions. Replacement of octahedral Li+ by FeU is 
reponed for a cubic Li tungstate with the crystallcchemical formula (Lio.r.Feo.oe>~ 

[(W0J3W4016] (BoRISOV rIal., 1969). From a crystal srructure determination of the 
mineral lithiopborite, (AJ, Li)MnO,(OH)z (W"'DSLEY, SR 1952, 266). it appears that 
lithium ions randomly occupy one-third of the octahedral aluminium SlteS in a 
layer of the brucite type. In tourmalines, where Mg and AJ in octahedral coordination 
are located at different crystallographic stecs, a partial substitution of Mg ions by 
Li and AI ions is observed, one particular example being elbaite (Ire and SADAN...G.... 
SR 1951, 310). In such Li-nch micas as lepidolite and zinnwaldite, Li In octahedral 
sites replaces Mg and AJ (RADOSLOVlCH, 1963). In petalite, spodumene and ambly­
goniIe, no random distribution of AJ-Ll has been observed. In holmquistire, 
~~(Mg, FeM0H)z[Si40nJ, (WHlTI"'KER, 1969), Li- ions are confined to a 
single crystallographic position. In such a case, tbe preferential entry of Li into its 
particular site can be explained by electrostatic ordering effects. Holmqoisdte, 
isorypic with anthophyllite Mgl(OHMS~Ou]t.. is a typical example of the sub­
stitution of (l.l+ +AJ3+) for 2 Mg2+ ions. 

Tciphylite, Li(Mn, Fe){P04] (DESTEN...Y, SR 1950, 319). exhibits a completely 
ordered arrangement of tbe cations. This mineral belongs to a series of natural 
compounds such as sickleriee and iron sicklerite, with the general formula 
Lil_yMn~~J;Fe::~yFe;+[p04]' the other end of tbe series being represented hy the 
mineral hererosire, Fe3+[P04]. Close analogies in the unit cell parameters and x-ray 
powder dara suggest an essentially similar structure. Probably the mechanism of the 
valence compensation during oxidation causes U+ ions ro be removed from their 
octahedral sites, until in heterosire these sires are completely empty. This confirms 
rhe peculiar role of lithium as interstitial component in dose-packed arrangements. 



Compound 

LiNiO: 

LiVO~ 

usso, 

Li[IOsl 

Li[G041 . 3 ~O 
(neutron diffn.ccion) 

LiMn[p041 

LiAl[Si~O,l 
e-spodumene 

Lil+:<V~08 

LiKN3.tFe:+Tj:O:[Sia 0 611 

neptunite 

Lithium 

Table 3-A-2b. Li[61_0 bOJJd lel/glb' 

Dlscances (A) M= 

2.04 (6) 2.04 

2.14 (6) 2.14 

2.01 (2) 2.07 (2) 2.05 
2.07 (2) 

2.04± 6 (3) 2.22± 6 (3) 2.13 

2.18 (3) 2.08 (3) 2.13 

2.22± 1 (2) 2.11 ± 1 (2) 2.17 
216± 1 (2) 

2.105 (2) 2.278 (2) 2.211 
2.251 (2) 

1.99 2.08 2.25 
2.28 (2) 2.33 (2) 

2.13± 2 (2) 2.15±2(2) 2.11 
2.04±2 (2) 

3-A-7 

References 

DYER el 01. 
(SR 1954, 424) 

RUDORFF and 
BECKER(SR 1954, 
424) 

EDS"Tl\ANn and 
INCRI (SR 1954, 
444) 

ROSE."lZw:elC and 
MORosm (1966) 

DATT dol. (1968) 

G.E.Ll.£R and 
DURANO 
(SR 1960, 399) 

CLARK dol. (1969) 

WADSLEY (SR 1957, 
301) 

CANNILLQ eral. 



Lithium ~~eroncu 1-1 

References: Section 3-A 
BUGLEY, B., S:UALL, R. \'iI. H.: The structure of Iithiurn oxalate. Acta Crysr. 17, 783 (1964). 
BERTAUT, E. F., DELAPAL~1E, A., BASSI, G., DURIF-VARAlJDOl'.l, A., ]Ol1BERT, I. c.: 

Structure de i'.LiA10~. Bull. Soc. Fran". Min~ral. Crisr. 88, 103 (1965). 
BLASS£, G.: The struerures of ZnLiVOt and ZnLiNbO•. J. Inorg. Nuel. Chern. 25, 136 

(1963). 
BORIsov, S. V., Kl..EVTSOVA, R. F., BELOV, N. V.: The eceueruee of eubie lithium tungstate. 

Soviet Phys.-Cryst. 13, 852 (1969). 
BROWN, B. E., BAIUX, S. \"i/.: Chlorite polytypism: I-Regu1:lt and semieandom one-layer 

srrceruees. Am. Mineralogist 47, 819 (1962). 
BROWN, I. D.: The crystal structure of lithium hydraairuum sulfate. Aeta Crysr. 17, 654 

(1964). 
BURNS, I. H.: The erystal structure of lithium Huorcantimonare (V). Acta Crysr. 15, 1098 

(1962). 
- GOROON, E. K.: Refinement of the crysral Structure of Li,BeF•. Acc;J, Crysr. 20, 135 

(1966). 
CANNlLLO, E., 1fAZZI, F., Rosse, G.: The erysral structure of neprunitc. Acra Cryer. 21, 200 

(1966). 
CLARI', J. R., .APP1.E~IAN, D. E., PAl-IKE, ]. ].: Crystal-chemical characcerization of elino­

pyroxenes based on eight new struerure refinements. Mineral. Soc. Am. Spec, Pap. 
2, 31 (1969). 

DATT, I. D., lU.l'.lNEV, N. V., OZEROV, R. P.: Neutron-diffraction study ofrhe structure of 
hydeaeed litbium salts. II. LiQOt' 3H,O. Sevier Physc-Crysr. 13, 192 (1968) 

DOLLAsE, W. A.: NH.LiSOi : a variant of the general rridymiee Structure. Acta Crysr. 
B 25, 2298 (1969). 

EANES, E. D., ONOIK, H. M.: Thc structure of lithium dlporassium trimet:lphosphate 
monohydrate. Ana Ceysc, 15, 1280 (1962). 

]ACOBI, H., BREHUR, B.: Die Kristallsrruktur des L~ZnCI, . 2Hp. Z. Krist. 128, 390 
(1969). 

KROGH-J\loE, ].: Refinement of the crystal. structure of lithium dibomrc, Li~O' 2B~O:. 
Acta Crysr. B 24,179 (1968). 

LARSON, A. c.: The crystal structure of Li~SOt . HiO. A three-dimensional rcfinemeor. 
Acta Ceysr. 18, 717 (1965). 

LI, C. T.: The crystal structure of LiA1Si~Oo-1li (high-quartz solid solution). Z. Krist. 
127, 327 (1968). 

- PEACOR, D. R.: TIIC crystal structure of LiAlSi:OG-II ("P·spodumcne"). Z. Krist. 
126,46 (1968). 

MAREZIO, M.: The crystal structure and anomalous dispersion ofi'.LiAIO~. Acta Crysr. 
19, 396 (1965a). 

- The crystal sceucrurc of LiGaO,. Acta Cryer. 18, 481 (1965b). 
MOROSIN, B., S~rTTH, D. L.: The cryStal structure of lithium sodium sulfate, Acra Cryst. 

22,906 (1967). 
RAOOSLOVlCH, E. \"i/.: The: cell dimensions and symmerry of layer-Iacrice silicates. V. Com­

position limits. Am. Mineralogist 48, 348 (1963). 
ROSDl:l.wUG, A., 1IoROSll'.l, B.: A reinvestigation of the crystal structure of LiI03 • Acta 

Crysr. 20, 758 (1966). 
SJ:ARS, D. R., BURNS, J. H.: Crystal structure of Li,BeF,ZrFs ' J. Chern. Phys. 41, 3478 

(1964). 
Srsro, P. A.: On the addiriviry ofcrystal radii in alkali halides, Acta Cryse. B 25,2374 (1969). 



Lithium 

TARTE, P.: Isomorphism and polymorphism of the compounds LiIPO•• LisAsO( and 
LisVO•. J. lnorg. Nucl. Chern. 29, 915 (1967). 

V~L1..ENKLE, H., W'rrPIAlIlN, A.: Die Kriscallstruktur von Li(GcO•. Z. Krise. 128, 66 (1969). 
- - NOWOThlY, H.: Die Kristallsrrukrur von Li~(SiQ.':5GeO.,a:h05'Z. Krist. 126, 37 (1968). 
WUnTAKEIl, E. J. W.: The structure of the orthorhombic amphibole holmquisriee. Acm. 

Cryst. B 25, 394 (1969). 
WYCKOl'F. R. W. G.: Crystal Structures. (second edir.) vel. 2, p- 292. N ..w York and London: 

Inrerscience Publisher 1964. 
- Crystal Strue:tures. (second edit.) vol.3, p.80. New York and London: Interscience 

Puhlisher 1965. 
ZACHAPJASl'-"I, W. Ii.: The crystal structure of lithium metaborate. Acta Crysr. 17, 749 

(1964). 



Lithium 3-M-N-1 

3-M-N. Abundance in Common Metamorphic Rocks 
and Behavior in Metamorphic Processes 

Lithium concentrations in granites, gneisses and metamorphosed igneous rocks 
are similar to those of unaltered igneous :rocks (LUNDEGARDH, 1947; HOWIE, 1955, 
1958; HEIER, 1960). 

In a study of the geochemistry of pelitic rocks, SHAW (1954, 1956) found no co­
variation with Li and the major elements, nor with Li content and metamorphic 
grade. 

LANDERGREN (1948) found that most Precambrian iron ores and associared 
rocks in Sweden show a marked deficiecey in Li. It would have been reasonable to 
assume that Li was enriehed in these ores which are high in both Mg and Fe. LANDER­
CREN concluded rbat tbe iron ores of central Sweden cannot be of igneous origin. 

EVANS (1964) studied the changes in minor elements suffered by pelitic hom­
felses at Casbel, Connemara, Eire as the result of intrusion of ultramafic or mafic 
magma. He found that Li, together with the trace elements Ba, Rb, La, and Cs, was 
lost from the bornfelses together with the major consrirurenrs Si, AI, K, Na, and 
HlP. In the envelope pelites Li content averages 45 ppm, which is lower than 
nearly all the analyzed, unhornfelsed pelites. Li is further reduced in the xenoliths 
and is barely detectable (1 ppm) in the mast altered rocks. 

BOWLER (1959), quoted by HEmR and ADAMS (1964), studied the alkali metals 
in granite and surrounding sediments, including rhe contact metamorphic aureole 
and xenoliths, from south-west England. AIl the aureoles showed culmination of 
[he trace alkali metals towards cbe granite contacr, rising far above the alkali levels 
in shales which were nor thermally metamorphosed. The data for Li is given in 
Table 3-M-1. 

Tablc 3·M-I. Lithillm in ro'l!.s stl1TtJlmding i"Jrru;pt fpmiU;'1 StJllth,'JltIJ Eng/mId 

ppmLi 

Xenolith from thc Land's End granite 1,650 
Schist 10 em from the contact with the Land's Eod granite 7'10 
Maximum values for shales arc Iikely to bc 250 

Rm.cd cnanwcrip. ftCI:i~: D<czmm 1')!I9 

<0 Springcr·Verl,~ Berli~· Hd<l<:lbc:",1"0 
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3-0. Geochemical Behavior 
In atomic abundance Li is the third most abundant of the alkali elements, after 

Na and K, and it is approximately as abundant as Rb in weight. Some limited sub­
stitution by Li for Na may take place in minerals but in general Li substitutes for 
Mg (and F&p) in minerals, and it is disrinet from other alkali elements in a geo~ 

chemical sense. Like the other alkali elements, Li is "oxyphille", but its upward 
concentration in the earth is not as pronounced. For the alkali elements, rhe clarke of 
concentrarinn in the upper conrinenml crust increases with atomic number. 

Lithium is fairly easily determined by optical spectrography in low concentrations 
and mosr of the dererminarions in geological materials have been by this method, 
and by atomic absorption in waters and sediments. 

The geochemistry of Li has been discussed by GOLDSCH.MIDT ef Q/. (1933, 1934); 
GOLDSCHMIDT (1954); STROCK (1936); RANKAMA and SAHAMA (1950); HORSTMAN 

(1957); GINZBURG (1958a) and HEIER and ADA~fS (1964). 

R.viJ«! lIWluocrip. m>:ivod: ~ 1969 
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