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N a series of papers published during the past eight or nine
years,' I have sought to develop the theory that the com-
plex natural silicates are chemically to be considered as substi-
tution derivatives of simple normal salts. For the micas, in par-
ticular, a theory has been worked out in detail, partly on general
principles, and partly on the basis of experimental evidence, in
which the starting point of the series is the normal aluminum
orthosilicate Al (Si0,),, with occasional replacements of the
orthosilicic groups by the feldspathic group S$i,0,. Thus we

have the following systematic scheme:

Normalsalteeee veeerrovsenonearnrones Al1,(8i0,),
MUSCOVIte v v rvr vrivrivrvrerve voveonne Ala(SiOOaR's
Biotite cvvevr vereinee e Al,(Si0,),R";R/,
Phlogopite « oo veve v iniiniinnnnn., A1(Si0,);R";R;
/ >R
Clintoniteseeeeevveerivrerroaosrossens AI—O/
\ 8i0,=R/;

This scheme is modified, however, not only by the assumption
that SiO, may be replaced by Si,0,, as in the feldspars, but also
by other considerations due to the presence of fluorine in many
micas, etc., etc. In the cases of the lithia micas, lepidolite,
zinnwaldite, cryophyllite, polylithionite, etc., such modification
is absolutely necessary; and hitherto it has been covered by the
supposition that the fluorine is represented by the univalent
group AlF, among the components of R'.

Naturally, and almost necessarily, the development of any
such theory is by process of evolution, in which details held
provisionally at first are replaced by simpler conceptions, ren-
dered possible by the acquisition of new evidence. A simplifica-
tion of this order is the purpose of the present communication.

Structurally considered, the lithia micas are all characterized
by two special features, an oxygen ratio lower than that of the
orthosilicate, and the presence of fluorine. The first of these

! Bulletins of the U. S. Geological Survey, Nos. 27, 42, 55. 60, 64, 78, and go.
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peculiarities has already beeun explained by the presence of
the group Si,0, replacing Si0,, and tle second is now reundered
intelligible by assuming that the clintonite type may also be re-
placed by a molecule of the structure

=

Al—V

N80, R,
or its equivalent in tlie correspouding polysilicate. For exam-
ple, in the polylithionite described by lorenzen, Si0, is entirely
replaced by Si,0,. aud the assumption of the latter group is
thus fully vindicated. The analogy of the feldspars was stroug
evidence iu its favor; but now we liave what may fairly be re-
garded as positive proof. Polvirthionite may now be considered
as u mixture of the two molecules

s F 5
Al—-F and Al—8i,0 .
\ 81,0, L, NS0+ Na, K

in the ratio 5:1: wlhence we get the following comparison be-
tween observation and tlieory:

Found. Calenlated.
Si(y, 59.25 59.80
ALG, 12,57 12.50
FeO 0.93 R
K.O 537 385
Na,O 763 772
L1,0 9.04 G.34
F 7-32 793

102.11 103.34
O=Y 3.08 3.34

99.03 100.00

The small amount of ferrous impurity. aud the low summa-
tion of the analysis, fully account for all the variations between
the two columus of figures, both as regards tlieir maguitude and
their direction.

In the light of the foregoing evidence, and of the mica theory
in general, the lepidolites proper, suclt as occur it Moravia and in
Maine, become easily explainable. All of their variations in
composition are covered by the supposition that tliese micas con-
sist of mixtures in differeut propertious. of two typical molecules;
one the compound AIF,.8i O, .R'. witlh lithium as the priuci-
pal constituent of R', and the other a muscovitic molecule,
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Al1,(Si0,),R, in which R', may be either K,H or KH,. Two
such mixtures may be considered here: first, the two mole-
cules AlF,.Si,0,.Li, and Al (SiO,),K,H, in the ratio 1:1; and
second, the three compounds AlF .Si O,.K, AlF,.510,.Li,, and
Al1,(Si0,),KH,, commingled in the ratio 1:2:2. These mixtures
correspond to the following percentage compositions:

First. Second.

Si0, 49.05 50.39
Al,O, 27.79 25.70
K,0 12.81 13.16
Li,0 6.13 5.04
H,0 1.22 2,01
F 5.18 6.38

102,18 102.68
Less O 2.18 2,68

100.00 100.00

For purposes of comparison with these figures, the following
analyses of typical lepidolites are quite sufficient, as they cover
all important variations: A, Rozena, by Berwerth; B, Schiitten-
hofen, by Scharizer; C, Paris, Maine; D, Hebron, Maine; E,
Norway, Maine; F, Rumford, Maine. The last four analyses
are by Riggs.

Al B.2 c. D. E. F.

Si0,everennn 50.98 49.25 50.92 48.80 49.52 51.52
ALOy eveene 27.80 25.27 24.99 28.30 28.80 25.96
Fe, O, vens veee 0.30 0.29 0.40 0.31
FeO vveevnnn 0.05 0.84 0.23 0.09 0.24 [N
MnO...... v 0.85 trace 0.08 0.07 0.20
CaQ.cvv oo e trace 0.10 0.13 0.16
MgO ....... ves e trace 0.07 0.02 0.02
Li,0-evt one 5.88 5.38 4.20 4.49 3.87 4.90
Na,0.-vvenen 0.35 2.11 0.74 0.13 1.06
K, O0.evennnn 10.78 13.85 11.38 12.21 8.82 11.0I
RD,0.cvvnrnn } trace } 3.73
Cs,0.vet vnns v trace 0.08 ee
H,O........ 0.96 1.76 1.g6 1.73 1.72 0.95
Fovvvere vune 7.88 5.68 6.29 4.96 5.18 5.80

104.33 103.23 102.38 101.86 102.71 101.89
LessO...... 3.32 2.39 2.64 2,02 2.18 2.44

1o1.01 100.84 99.74 99.84 99.53 99.45

1 Also contains 0.05 P4O;.
2 Also contains 0.06 SnO,.
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In the first of these lepidolites, the mineral from Rozena, a
slight variation from tlie schenie must be assumed, due to tle
excess of fluorine aud the low proportion of alkalies. Tlese
peculiarities are easily accounted for by supposing a small ad-
mixture of the molecule AlF,.S1,0_.Al:; which corresponds to
the type already indicated. and which is justified Ly other evi-
dence. Intlienineral cookeite, recently re-analyvzed by Penfield,*
we find what appears to be thie vermiculite of the lepidolite
series; with nearly all the alkalies but lithia rewoved, and
witll fluorine replaced by hydroxyl. Peufield's analysis of it
reduces easily to the type

s OH
Al—-OH

N Si0=R";;
andindetail to a mixture of the three molecules A1(OH),.S10,.Li,,
Al(OH),.S10,.H,. and AI(OH), Si0,.Al, in the ratio 10:14:33.
Reducing Penfield’s analysis by uniting Fe with Al thg remain-
ing bases with Li, and F with OH. and throwing out water lost
at or below 300°, we get the subjoined comparison between ob-
servation and tlieory.

Fomul, Rednced. Catcnlated.
1 T P 34.00 35.01 34.68
ALO cvvvee i 15.06
o ; 6.71 6.53
FeOy covvvrenvnnnnnnennns 0.45 46.7 46:53
[T @ .04
KQO ...................... 0.14
\YaZO ..................... o.1g
5 1 O R T R 1.02 1.29 4.56
H,0 below 3007« -« vvuun 1.82 e ceee
H,O0 above 300-... 15.14
- I3. 14.23
T 0.46 399 423
99.32 100.00 100.00

In the lepidolite from Juschakova, analvzed by Rammelsberg,
we find a conuecting link between the lepidolites proper and the
irou-lithia micas zinnwaldite aud cryophyllite. The Juschakova
mineral is easily represented as a mixture of molecules like the
otherlepidolites, except thataportion of the typical AlF,.$i0,.R’,
is replaced by a similar molecule AlF,.SiO.MnuLi. In detail it

YAm, J. Sci., May, 18g3.
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seems to contain the molecules Al (SiO,),K,H; AlF,.SiO Al;
AlF,.81,0,.MnLi, and AlF,.8i,0,.Li,K, in the ratio 2:1:3:6.
Calculating its composition upon this basis, we get the follow-
ing comparison with Rammelsberg’s analysis:

Found. Reduced, Calculated.
S (0 50.26 50.26 50.33
ALOy cereaveraannianess 21.47 21.47 21.39
MO covevvveeeveenanaansn 5.36 5.36 5.26
KO v vnenninnnnnnnnnes 11.08 11.08 11.60
Na,O.eevrvvvnnvinenn 0.54
Li0.cveveennenenneniennes 4.88 5.14 5.55
)3 00 T 0.66 0.66 0.44
) 8,71 ]) 9.33 9_38
Cleveeriiiinneienianioness 1.16)

104.12 103.30 103.95
1ess O.vvvenevrneerennaons 3.92 3.92 3.95

100.20 99.38 100.00

As for the iron-lithia micas, zinnwaldite and cryophyllite, a
detailed discussion now would be premature; for the reason that
alternative formulae, agreeing equally well with the recorded
analyses, are possible. The complication is due to the iron,
which may be regarded either as belongiiig to a molecule of the
type AlF,.S1,0,.Fe''R’; or toa biotitic molecule Al,(Si0,),Fe",R',.
The zinnwaldite analyses of Berwerth and Rammelsberg are
easiest interpreted as representing mixtures of AlF,.Si,0,.Feli,
and AL(SiO,),K,, in the ratio 5:2, approximately. Cryophyl-
lite, on the other hand, according to analyses by Riggs, is most
simply represented by the composition

ALX KH,+2(ALX Fe H,)43(AIF, X.K )44 (AlF,. XLi,);
in which X corresponds to the two acid groups SiO, and 81,0,
in the ratio 1:3. This interpretation is based in part upon the
fact that cryophyllite occurs in margins upon plates of annite,
which is a lepidomelane of the biotite type. The iron in cryo-
phyllite, however, may also be regarded as present in the mole-
cule AIF,.81,0,.Fe''R’, as in zinnwaldite; and between this inter-
pretion and the other there are no adequate grounds for decid-
ing. Taking the formulae as given above, Rammelsberg’s
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analysis of zinnwaldite, and the mean of Riggs’ three analyses
of cryophyllite compare as follows:

Zinnwaldite. Cryophyllite.

Fouud. Calculated Found. Calculated.
SO 46.44 47.55 51.86 51.95
ALO, cvveerienii s 21.84 21.19 16.50 18.13
Fe 0400 cc v v 127 2.68
FeO oo it e 119 13.60 6.63 7.52
MNnO. .. ov vive civiiee e 1.57 0.21
Cal. i tiinnn et N e 0.04
I\IgO 0.18 0.07
0 6 3.36 2.84 1.89 4.71
Na,Oceverrriiiiinennen, 0.54 0.79
KOoovoviiiiianni i 10.58 10.66 10.67 12.26
H,[O ...................... 1.04 1.29 I.41
D .62 7,18 7.08 6.94

104.63 103.02 102.97 102.92

In general, it seems highly probable that the lithia micas are
all characterized by the presence of the groups AlF,.X.R',
AlF,.X.R"R’,and AlF,.X.Al; in whiclh X may be either SiO, or
51,0,, and with the fluorine replaceable by hydroxyl in the pro-
cess of vermiculitization. In the original form of the mica
theory, the group AlF, was regarded as the equivalent of R’
in a molecule of the muscovite type. It is 1ow represented as
belonging to a distinct molecule analogous to clintonite. So
far as the evidence goes, this interpretation seems to be satisfac-
tory; and it is an advance upon the earlier scheme in the direc-
tion of simplicity.

CHEMICAL NOTES FROM THE COLUMBIAN EXPOSITION,
I.
By J. H, LoNG.
Received August 2. 1893,

HE various exhibits of thé Exposition in Chicago are

grouped under twelve heads or departments. Those speci-
ally interesting from a chemical standpoint are found in the
departments of Agriculture (A), Mines, Mining and Metallurgy
(E), Manufactures (H), Electricity and Electrical Appliances
(J), and Liberal Arts and Education (L). Certain departments
occupy special buildings. The exhibits in several departments
are scattered through a number of buildings.



