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CRYSTAL CHEMISTRY 
OF LAT I UM I TE 

RIASSUNTO. _ Sono stati presi in esame campioni di latiumile provenienti da tre località 
(Pitigliano, Campagnano e Baccano). Di questi vengono riportoti i parametri ottici, le analisi 
chimiche, le costllIlti della cella elememare e lo spettro di polvere tipico dei tre campioni studiati, 
insieme ai dati di letteratura relativi Il latiumite e tuscanite. 

Sulla base delle analisi chimiche e di considerazioni strutturali viene estesa alla latiumite 
l'interpretv.:ione cristallochimica già proposta dagli autori per la tuscarute; in particolare, accanto 
alle vicarianze Ca-Na e AI-Si, vengono introdotte la sostituzione K-H.O e la sostituzione dello 
ione SO .... oon un anione carbonato (con l'ulteriore introduzione di uno ione OH- o di una 
molecola H.o a completare la geometria tetraedrica), ovvero con un raggruppamemo tenae
ddoo (OJ-I.)·- . 

Tutto questo può essere riassumo nella seguente formula: 

(K, H.QMCa, Na),(Si, AI)...o..[(SO.), CQ.(OH,H.o), O.H.]. 
fonnula che permette di razionalizure la cristallochimica dei diveni campioni di minerali del· 
l'intero gruppo latiumite·tuscanite. 

ABSTIlACT. - Optical, crystallographic and chemical data far umples of latiumite from 
three localities are repottoo llIId compare<! with the known data far latiumite from Albano and 
for (Uscanitc. 

All the chemical data can be rat ionalized on the bas.is of thc foJlowing ctystal chemical 
formula: 

(K, H.Q),(Ca, Na),(Si, Al).oO .. [(SO.), CD.(OH, H.O), 0&].. 
'The extent of isomorphic mbsliturions i5 discussed and ddined, on tbc In.sis of tbc 

analytical data and $Iroctural oonsidcralions. 

lnlroductiOD 

L atiumite is an aluminosilicate discovered by TILU.Y :md HENRY (1953) in the 

ejttted blocks in the c peperino" tuff of the Albano hills . A second flnding was 

made by B ARBIER I and FORNASERI (1970) in P it igliano (Tuscany, Italy). CANNlLlD, 

D..u. NEGRO and ROSSI ( 1973) determined the crystal structure of latiumite and 

classified it as a sheet silicate, characteriz.ed by the presence of d ouble layers of (Al, Si) 

tetrahedra . Recently ORLANDI, LEONI, MELLINI and MERLINO (1977) fo und in Piti

gliano a new m inerai ph ase, tuscanite, closdy relatcd to lat iumite. 

The crystal st ructure analysis by MELLIN I, MERLI NO and ROSS I (1m) showed its 

main features to be double layers o f aluminum and si1icon tet rahedra, made up by 

sing le layers similar to those present in latiumite, but connected according to a 

different scheme, Unequ ivocal di sti nction between latiumite and tuscanite is possible 

only on the basis of single crystal X-ray diffraction spectra. 

* Istituto di Mineralogia c Petrografia, Via S. Maria .n, 56100 Pisa (Italy). 
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Aim of this work is to give chemical, crystallographic and physical data on 
new findings af latiumite 3nd to compare them with the carl ier ones. 

T ABL.F. 1 Occurrence and paragenesis 

X.ray diOraction pattern 01 LAtiumiu 
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Ali the 5amples examined come from 
three localities, within a regIOn (South 
Tuscany and Latium, Italy) which 15 
geographically large, but petrographycal
Iy homogcneaus. 

All samples were collected in ejected 
metamarphic calcareous blocks found in 
the c Sabatini :. hills (latiumite from 
Campagnano and Baccano) and lO the 
Pitigliano hills (latiumite from Piti· 
gliano) . 

The most commonly associated mi· 
nerals are vesuvianite, garnet (grossular 
and andradite), wollastonite, pyroxene. 

CrY8taliographic propertie8 

Identification was based on rotation 
and Weissenberg single crystal X-ray 
spectra. We also ana ly~d the powder 
diffraction pattern of our samples be

cause, as quoted by ORLANOI et al. (1977) in thelr study on tuscanite, much misleading 
data are present in the literature. Dur resuIts are summari~d in the pattern of 
table 1, which is typical of ali the studied specimens. Our observations con6rmed 
the 6nding of ORLANOI et al. (1977) about discrepancies in the pattcrn givcn by 
TILLEY and HENRY (1953). The lattice parameters, obtained by singlc crystal 
photagraphs and refined by least squares 6tting af the powder data, are reported 
in table 2, together with the corresponding values far latiumite from Albano (TILLEY 
and H ENRY, 1953) and tuscanite (ORl.4.NDj et al., 1977). 

T ABLE 2 
Unii ull param ~l~s 01 LAtiumit~s and Tuscanite 

lali._ i .. loti .. i .. .alh.(,. L"lu. ;" h oc •• i" 

( " ".n.) (e •• p.' .... ) ( 'IH,II •• o) (A lb.no) ( ' i, ; . ll o.o) 

(Tl1l . , ", • •• • , . USl) (O, .... ; .. 01 .• 1"7) 

11. OH(I) 11.0'0(') " . OH(') ". " 14.016(14) 

• ! .107(1) }.,O! (}) ! . '0'0) ! .l l ! . 1I00) 

lO . SUO) 10.S"(IO) \0 . '21(') lO. IO 10 . n'( I ) 

10' . 0"0) 10 • . , ,'(7) \0' .01 '( 1) 10S ' 100 _'1 ' 0) 
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Optical properties 

Optica! examination showed monoclinic symmetry with elongation cor
responding to the b axis, whieh is the y axis of the indicatrix. The optical axial 
piane is thus pcrpendicular to (010). 

• L.llym" ....... ...,n" ... y • .,., ". "'y.>"" .. ~ L. "m .. ',," p'''.''o ..... ,ao, .. , •• , ond ~",n .... ,.,."" 
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Fig. I. Oplkal ~xial allglc ~ lId cxlÌllclioll 
allI/le rdaliOllship iII la!ium;ICS ~nd tu=lIite. 

TAlILE 3 
Optical properti~s 01 LAtjumjt~s 

and Tuscanit~ 
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(a) BARBIERI C FORl<ASERI (1970); 
(b) T'LLEY and H~NRY (1953); 
(c) ORLANO' ct al. ( 1977). 
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Latiumite is often twinned on (100), 
'which is also a c1eavage piane. T he 
extinction angle c/\a on (010) is variable 
and as suggested by TILLEY and HE.NRY 
(1953) is related to the 2V value; this 
reIationship is described by fig. l , which 
reports the data from TILLE.Y and HENRY 
(1953), BARBIERI and FORNASERI (1970), 
ORLANOI et aL (1977) together with our 
new data. 

Refractive indiees were determined 
by the double variation method utilizing 
bromoform and aniline as liquids. 
Results are reported in table 3 together 
with the literature data for latiumite 
and tuscanite. 

The examination af fig. l and table 
3 rises some doubu as to whether tbe 
latiumite from Pitigliano studied by 
BARBIERI and FoRNASERI (1970) was really 
latiumite or rather tllscanite; however 
the question cannot be conc1usiveIy 
answered without a single crystal study. 

Cbemieal eomposition 

The chemieal analysis was carried 
out by atornie absorption spcctrophoto
rnetry fo r Na~, MgO and SrO. COt 

and HzO were determined by micro
determination of C and H by use of a 

Carlo Erba elemental microanalyzer 1104 instrument, with gas<hromatographie 
separation of C02 and H 20. 503 and CI were determined by X-ray Auorescenee 
spectrometry, using samples of lati umite added with known amounts of sulphur 
and chlorine as rderence standard. On the basis of the known q uantities 
of the other elements, K20, CaO, Si02, Ab03 and Fe20 3 were deterrnined 
aceording to thc X-ray fluorescence method developed by FRANZIKT and LEONI (1972) 
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TABLE 4 

Chemica/ ana/yuJ 01 Latillmites and Tt/lcanites 

,,,, .. I,. , .. , .. It. L.Il .. , .. ,,,,,., ...... " ,""1 ...... L •• (." ... , ••• 1 . lO'" , ....... ) (c ••••••••• ) l'''''') 101",11 .. . ) ,., ,., 
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Total l'e conlenl determincd a. Fc.o.; (a): Cakulatcd on the b>.~is of Si+AI=IO from we originai 
dat:l. ; (b): Cakulau,,1 OD the b>.sis of Si+AI = IO from thc originai data modificd by new anal)"sis of 
co. and H.o. FtX" cxplanalion KC" ~ion on chemical oompmÌtion. 

and modificd by LWSI and SAITTA (1973), assuming that tbc sum of tbe weight 
percentagu was 100. Table 4 reports thc chemical :md clensity data for latiumite. 
Unfortunately, among the four known findings of latiumite we can compare only 
[hree chemical analyses, since for latiumitc from Pitigliano BARBIERI and FORNASERI 
(1970) did not yield analytical data because of the small quantity of material 
availahle. On the other hand we did have a suffieient amount of latiumite from 
Pitigliano IO make a chemical analysis but we have serious doubls about the purity 
of the analysed material: in fact the powdcr panern showed the presence of franzinite, 
a new minerai phase found in Pitigliano by MERLINO and 0Ju....NDI (1977). Moreover 

its dcnsity, detcrmined on relatively large [ragments, appeared anomalously low 
(d = 2.58 g cm-~ ). Although wc did not report thc analytical data far latiumite 
from Pitigliano wc give its optical propcrtics (tablc 3) that \verc measured on a very 
liule fragment, prcviously tested by X-ray single crystal diffraction techniques. 

Table 4 gives thc atomic rntios of latiumitc from Campagnano, latiumite from 
Baccano ::and tuscanite from Pitigliano (ORLANOI et al., 1977), ca\culated on tbe basis 

of lO (Si + AI) atoms, as indicated by the structure analysis of latiumite (DNNILLO 
et aL, 1973) and tuscanite (MELLINI et al .. 19n). 

Far tuscanite wc rcport the content of half a celi. The atomic ratias of latiumite 
1rom Albano (Tu.LEY and HENRY, 1953) were recalculated on the basis of IO 
(Si + AI) atoms (column a of table 4). Furthermore, on a sample of latiumite from 
Albano. provided by BARBIERI and FORNASERI, a ncw chemical analysis far C02 and 
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H 20 was made. The data reported in column b of table 4 are computed assuming 
our data as correct (2.67 wt ro for CO2 <lnd 2.8 wt% fo r H~O) and recalculating 
the other percentages, so that the sum of ali the weight percentages is 100. 

Crystal chemicul considerations 

TIl.LRY and HENRY (1953) supposed that latiumite was a solid solution series 
and CANNILLO et al. (1973) gave the limits for Si-Al substitutions on the basis of 
crystalchemical considerations. These authors pointed out that a complete substi
tution of {\l by Si would unbalance the valence bond sum far some oxygen atoms; 
on the other hand an amount of Al greater than six atoms per unit celi would 
imply the replacemeOl of C, by some triva!ent cation or of K by Ba. It should be 
observed that LoEWENSTEIN'S rule (1954) (AI04 tetrahedra avoid heing linked 
together) shou!d indicate a stili lower aluminum contento In fact both crystal 
structure determinations of latiumite and tuscanite indicate that two of the five 
independcnt tetrahedral sites in the silicon-aluminum layer, namely T(2) and T (5), 
are completely occupied by aluminum atoms; now if the Loewenstein's avoidance 
rule should be strictly observed T(l), T (3) and T(4) tetrahedra should be completely 
occupied by silicon atoms, as each of them shares vertices with T(2) or T(5) 
tetr:ahedra. As a consequence the alumi num COntent should correspond to four 
aluminu m atoms for every ten cations in the silicon-aluminum layer. This cor
responds fair1y well with the chemical data for latiumite from Baccano and Campi
gnano (418 and 420 a!uminum atoms respective1y) as well as for tuscanite (3.66 
aluminum at~ms). However chemica! and structural data indicate that the 
Loewenstein's rule is nOl strictly observed in latiumite from Albano for which an 
aluminum content corresponding to five aluminu m atoms (cable 4) and an equal 
occupancy by silic.on and aluminum atoms in the tetrahedral site T(3) (CANN ILLO 
et al., 1973) were found. 

Thc data given in tab!e 4 show a strong correlation between aluminum and 
potassium contents, whereas sodium and calcium contents are most constant in 
tuscanite and latiumites from various sources, thus dearly indicating that the 
increasing substitution of sil icon by aluminum is not ba!anced by calcium for sodium 
substitution, but by an increasing substitution of potassium cations fo r water 
molecules. 

Table 4 indicates also that the water content is always larger than that COf

responding to K-H20 replacement; moreover the oxygen excess aver 22.0 atoms 
in tbe unit celi (or in half a celi for tuscanite) suggests the presence of hydroxyl 
anions. With regard to the location of hydroxyl anions or water molecules it seems 
uscful to recall tbe suggestions of ORLANVI et aL (1977) and MU.LINI et al. (1977), 
who, in their studies on tuscanite, on the basis of chemical and structural data, 
proposed the following substitutions: a) in the COa-S04 replacemem a planar 
carbonate group takes its piace near the position corresponding to a face of the 
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tetrahedral sulphate group whereas an hydroxy! anion, or a water molecu)e, locates 
itself oear thc po51tioo corresponding to thc founh vcrtex af the sulphate tetrahedron; 
b) thc tetrahedra l grouping 04H~ af four hydroxyl anioos may substitute for a 
sulphate group. 

Thc results of a UT chemical analyses 00 lat iumitc fram Baccano and Campagnano 
are fai rly consistent with such suggestions so (hat thc followi ng generai formula 
can be assumed: 

(K, H,O)o (Ca, Na)' (Si, AI)"O" [SO" CO, (OH, H,O), O ,H.], 

Therefore the crystalchemical forrnulas for latiumites from C.1mpagnano and 
Baccano respectively may be writteo: 

[ Kl .I~Sro. I)f(H20)o.81 ]101. _ 2 .oo(Ca:;.'INao.42Mgo.l~Fe;~o~)lot. _ 802(1 

(SiuoAlt.2o}tol._ lo,oo022{ (S04)1.30[ (C03)o.H(OH )o.HI(H20)o.2el (0.H.}o.S6 }'O,._2.011 

[ KU3(H20)O.Gl ] '0'. _ 2 .00(C.1~.~6Nao.s,Mgo.uFc;:'o. )'01. _ 6.2:; 

(Si5.12AIf,2s}t01. _ IO.ooO:n{ (S04)I.oe [ (CO~)1. 20 (OH)o. 38 (H20}o. 4 3 0 0.48] }.ot. _ us 

In the last formula tne vacancies were introduced because tne sum of th.e 
nydroxyl anions and water molecules is less tnan tne Ilumocr of carbonate groups 
and wc would ratner conform to tne generai formula given above. However, as 
tbc sum of carbonate groups and sulpnate groups is well over 2.00, wbicn is the 
uppcr limit imposcd by structural considerations, tne chemical for mula for latiumite 
from Baccano indicates an excess of carbonate groups rather than a lack of nydroxyl 
anions or water moleculcs. 

With regard to tne latiumite from Albano the chemical data given by TILLEY 
and Hf.NRY (1953) do not agrcc well with our crystalchemical form ula. H owever, 
as wc said previously, wc made a new aoalysis for C02 and H 20. Thc celi content 
recalculated by taking imo account these new data corresponds to thC': following 

satisfactory formula : 

[KI.60(H20)o.(Il],01. _ 2.oo(Call .• ,Nao.31Mg0.2oMno.ol Fe~.~IIFe~.~l ),01. _ U~ 

(SiU3Ak01}tol. _ 10.oo022{ (50.)0.11 [(CCh)o.6T(OH)o.61 ] (0.H5)O.(1 }IOI. _ 1.T9 

where (O.Hs) indicates a tetrahedral grouping of thrce hydroxyl anions and ooe 
water molecule. To complete th C': comparisoo wc report the formula obtaioed for 

tuscanite (0Ju.wn1 et al., 1977): 

[Ko.8aSro.fH(H:zO)I.oa]101. _ 2.00(Ca5 .25Nao .olMgo.1 IFe~~10}tol. _ Ul 

(5iu .AIs.66}tOI. _ IO.OO0 22{ (SO.)1.3S[ (CO~}o .M (OH)o.:I$] (0. H.)O.11 }IOI. _ 2.04 

00 the basis of the proposed substitutions and the correspondiog crystalchemical 
formula , the chemical compositions of latiumites from various sources as well a5 of 

tuscaoite can thercfore be reasonably well accounted foro 
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