THE CHEMICAL COMPOSITION OF HYDROTALCITE
AND THE HYDROTALCITE GROUP OF MINERALS.

By Wirniam F. Fosnag,
Of the Department of Geology, United States National Museunt.

The hydrotalcite group as here considered comprises the minerals
hydrotalcite, pyroaurite, stichtite, and brugnatellite. Of these hydro-
talcite and pyroaurite have been long known but their true chemical
nature remained hidden. They have been considered hydrated oxides,
a considerable and rather constant carbon dioxide content having been
entirely disregarded. New analyses of hydrotalcite and stichtite are
here presented. Further analyses are necessary beforethe chemical
cornposition of this group can be definitely established. Before any
definite conclusions can be drawn from any analysis, however, the
homogeneity of the material, as determined under the petrographi-
cal microscope, must be established.

HYDROTALCITE.

HoCHSTETTER, Journ. Prakt. Chem., vol. 27, p. 378, 1842,
HERMANN, Journ. Prakt. Chem., vol. 40, p. 11, 1847.
HeErMANN, Journ. Prakt. Chem., vol. 46, p. 257, 1849.
SHEPARD, Amer. Journ. Sci., vol. 12, p. 209, 1851.
JOHNSON, Amer. Journ. Sci.,, vol. 12, p. 361, 1851.

Hydrotalcite was first described by Hochstetter from the Shi-
shimsk District in the Urals, where it occurred implanted on schist.
It was later described from Snarum, Norway, under the name volk-
nerite. Hydrotalcite from Kongsberg, Norway (U. S. Nat. Mus.,
No. 13191), was selected for analysis. The material consisted of
curved lamellar masses of a white color and pearly luster. Under the
microscope the material is made up of basal cleavages with refractive
index about 1.510. Sections normal to the basal cleavage showed a
birefringence of low order. The material was very pure, only a few
grains of foreign material appearing. The results of an analysis on
this material and another partial analysis, together with the calcu-
lated ratios, are given in the following table:
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Analyses and ratios of hydrotalcite.

Constituents. I' Per cent. | Per cent. Ratios.
il]og ............ SN Al o T Ol f e e N R T
et e e e e 15. 32 o
e e ko 2 } 17. 60 1.00 | 1X1.00
(B]Ia(()) ...... TIEALELEnrYE  ppen | R sy MNomes (32 ..o T.L ity ey . SrrLas
PPN A RS i\ AN iRt LML 39. 72
FEO ................... i v 98 40. 40 A 6><1. 00
002 ................................... 7. 60 7. 60 1. 07 13,07
H:,U ................................... 30. 46 35.75 12. 4 191203
100. 71

This leads to the formula 6Mg0O.Al1,0,.CO,.12H,0 or MgCO,.5Mg
(OH),.2A1(0OH),.4H,0.

Pyrognostics—Before the blowpipe the mineral glows with intense
light, but does not fuse, and becomes silvery white. Heated in a
closed tube it decrepitates, gives abundant water, and turns silvery
white. It is easily soluble in acids, leaving a slight residue.

The mineral houghite described by C. U. Shepard from St. Law-
rence County, New York, is probably hydrotalcite, as pointed out by
J. D. Dana. In appearance it is very similar to the hydrotalcite from
Norway. Under the microscope it shows a weak birefringence and
an index of refraction of about 1.510. The material is considerably
intermixed with spinel and other minerals, so that a chemical analysis
would lead to no definite results. The analyses by Johnson, there-
fore, can mean but little. The mineral is derived from spinel.

STICHTITE.

PerTERD, Cat. of the Minerals of Tasmania. p. 167, 1910.
Warp, Cat. of the Minerals of Tasmaria, p. 169, 1910.
Hez~NER, Centralbl. £. Min., ete., p. 18, 1912,

HIMMELBAUER, Tsch. Min. u. Pet. Mitth., vol. 31, p. 32, 1912,
Tasmanian Dept. of Mines, Geol. Surv, Record No. 2, 1914.

This mineral was described by Petterd first as kammererite and
later as a new mineral. It occurs in irregular masses, veins, and
blebs in a yellowish green serpentine, near the Adelaide Mine at
Dundas, Tasmania. The color is lilac weathering to brown. It is
foliated in character and has an oily luster. Under the microscope
the mineral shows a fibrous structure radially disposed about nuclei
of chromite. The two analyses of the mineral are widely divergent
and lead to quite different ratios. In neither case is there any men-
tion of the homogeneity of the material analyzed as determined
under the petrographical microscope. These analyses are given
below.
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The new analysis was made upon material in the type collection
of the United States National Museum (No. 87454, gift of Robert
Sticht). It was crushed and examined under the microscope for
homogeneity. The only foreign material detected was the chromite.
The mineral was easily soluble in hydrochloric acid with efferves-
cence, and left, beside a residue of chromite, a small amount of floccu-
lent silica. The solution was evaporated to dryness and the separated
silica filtered off. The iron, aluminum, and chromium were separated
from the magnesia by a double precipitation with ammonium hy-
droxide. The filtered hydroxides were fused with sodium carbonate,
the fusion leached with hot water, the residue dissolved, and the
iron precipitated twice. The aluminum was precipitated from the
solution after the oxidization of the chromium by evaporation of the
filtrate with nitric acid and potassium chlorate. The chromium was
reduced by evaporation with hydrochloric acid and aleohol and pre-
cipitated twice with ammonium hydroxide. The carbon dioxide was
determined by absorption in a potash bulb and the water by Pen-
field’s method.

Analyses and raiios of stichtite.

Constituents. Petterd. ‘ Ratios.
Ly 0% _i __-_II |
e R N e L I e PO it Aol ey o Y P aret e
1383(13 ---------------------------------- 9 : 0 f}‘JU 3 o
T R RS T PR S 11.5 75 |f 076 IX.76
|2 R Se AR S e SRS IR LIS R S Ubigserbsbe on i .............................
1 B e . ' 36.0 | . 900 570 S ¢ |
(A e I B B R S R SR O R e | 7-2 | . 164 1.00 | 1X1.00
- | e A Ao B LSRR L R KRR ) ' 36. 1 | 2. 00 1322 12%1.01
908 |
Constituents. Hezner. lﬁf%gﬁt Ratios.
810aY . dow aseb dgd- i 5T P S N R YT O o M
8 S TR N I I M e el LR e e e it -
(g‘rzf.Jg ..................... 20. 44 21. 28 0. 140 1. 00 1X1. 60
6 e N T e PO, i el | 1. 14 . 016
L L RO S L S 37.12 3. 67 . 967 } X108
(B0 e e DIl e 10. 45 10. 88 . 248 I [l 757
15 (2 ¢ o e ISR M 27,26 28. 39 1. 56 LLl4 | L1 X101
100. 24
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Analyses and ratios of stichtite—Continued.
Original Recale. :
Constituents. pel;lgcgtftl. pe?ﬁgt. Ratios.
Ty R O 200 caan Bl L e VO S
EENGR B B o DN P 4.04 414  0.025
V. 76 R RERRATICRNENE B TS 3T~ Tl 2.24 2428 . 022 1. 00 1X1.00
7 el R R W 14. 08 14. 36 . 095
(BET0 e dbe ¥ Slenal el SBodaie sok dumdn/ v LA e R R | ol o e | O
M@)o isoogrne it g 26. 59 S1a53 . 937 6. 00 6xX1.00
1k B Rt RO S L N o B s
CO; .......................... 6. 94 7.08 . 160 =13 1Ll bl [
B0 berex, bandnoardy . ol ctyr 33. 01 33.78 1. 87 13 2 1251510
99. 27

This leads to the formula, 6MgO. R,0,. CO,. 12H,0. The above
analyses show some differences, but the results are sufficiently close
to 6MgO. R,0,. CO,. 12H,0 to be satisfactory. DBelow are repeated
the analyses as compared with the composition required by the for-
mula. In the case of Petterd’s and the new analyses the differences
are not great.

Analyses and calculated composition of stichtite.

Oosiiaents, Thggll'l{)sper' Heg&g;)(.per Peté:g:ld (peri Foqhag (per
i
P e e oy e DO m e 2. 09
O = it mo o lach B0 s ae oo 905 PG00 23. 39 20. 44 11. 5 14. 08
T T NG O O TS RO i IR e SRS ey D e 950 4. 04
0T 1T O T TG o e g T (2 S e e DR 2. 24
He@) e s e e S il e L 28
I, e € R R e (e g A ST 38. 61 a7 12 36.0 36. 59
(0 BE s P RS s E ie  R 6. 75 10. 45 2 6. 94
8 B0 o s R e B S e e 34. 57 27. 26 36. 1 33. 01
|

Pyrognostics—Before the blowpipe stichtite glows with intense
light, turns light gray, and becomes magnetic, but does not fuse.
Heated in a closed tube the mineral turns gray and then brown, gives
abundant water, and becomes magnetic.

PYROAURITE.

IceLsTROM, Ofv. Ak, Stockh., vol. 22, p. 608, 1865.
SJ6GREN, Geol. Inst. Univ. Upsala, vol. 2, p. 59, 1894.
FLINK, Geol. Inst. Univ. Upsala, vol. 5, p. 87, 1900.

The mineral pyroaurite was first discovered at Lingban by Igel-
strom who gave its composition as Fe,O,. 6MgO. 15H,0. Sjogren
first described the crystallography of this mineral from material
from the Moss mine in Nordmarken. Analysis of material from
Langban gave Igelstrom the following results:
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Analyses and ratios of pyroaurite fmm Ldngban,

Constituents. Per cent. i Ratios.
0 PSR RN e D e 23. 52 0. 149 1| 1x1.00
0 S R A e 2 34. 04 . 805 54 | 5x1.08
CUz ................................... 7.24 . 165 | [l (ipexe o]
Hg() ................................... 34. 54 2.14 14 14 x 1. 00
99. 74 j [

Since FeO was not determined in the original analysis some of
the mineral from Lingban in the United States National Museum
(No. 93013) was analyzed for ferrous iron, with the result, FeO,
0.74 per cent. The pyroaurite from Langban, however, is described
as opaque even under the microscope, indicating that some altera-
tion had taken place. The above-mentioned specimen in the United
States National Museum consisted of large hexagonal platy crystals,
which, under the microscope, showed an index of refraction of
approximately 1.55 and weak birefringence. The sections of the
crystals do not show uniform extinction, but extinguish as a mass of
andom]y oriented plates, suggesting perhaps that they are pseudo-
morphic.

The pyroaurite from Moss mine gave Sjogren on a 0.0205 g. por-
tion the results tabulated below:

Analyses and ratios of pyroaurite from Mossgrufa.

Constituents. Per cent. | Ratios.
Inen e e E el e ae s n e A | 0.5 | ..............................
e e e s s I 22.0 0.14 1.0 1x 1,00
MA@ e e R R G e R ey 415 06 5
TR SRS T S 34. 8 86 }' 6.6 6100
15 15 8 oo L W LGP R R R E L S e T 36.1 2.01 14.13 | 14x1.01
97.9

The H,O was determined by ignition loss and no doubt includes
some of the CO,. TFeO was not determined. Both of the above
analyses are very umsatisfactory, but indicate that the formula of
pyroaurite is very probably 6MgO. R,0,. CO,. 12H,0.!

The considerable content of MnO in S]O(‘rrens analysis is worthy
of note and indicates that a manganese member of the series may
exist.

Heddle described a mineral as pyroaurite from the Island of Haaf

Grunay. It occurred as thin seams in yellow serpentine. The anal-

1 An analysis of pyroaurite by Mauzelius (Arkiv for Kemi. Min. ock Geol, vol. 3,
No. 3, 1910), has been overlooked. Fe.0; 23.20, MnO 0.21, MgO 35.08, CaO 0.54, H.0
33.69, SiO; 0.29, CO: 6.91. Sum 99.97. This analysis leads to the formula for pyro-
aurite given.



152 PROCEEDINGS OF THE NATIONAL MUSEUM. vo. 58.

yses, while agreeing well with the theoretical values required by the
formula 6MgO. R,0,. 15H,0. were made upon impure material. If
the determination of the carbon dioxide content is correct the mineral
can not be pyroaurite. It is probably a mixture of hydromagnesite,
brucite, and limonite.

Sjogren points out the crystallographic similarity between pyro-
aurite and chalcophanite. The value for ¢ for pyroaurite is given
as 3.6072, calculated from the angle 1010:1011=76° 30’ while ¢ for
chalcophanite is given as 8.5267 from 1010:1011=76° 12’. Chalco-
phanite is a mineral very likely to occur at Langban, at least the
manganese member, and it is possible that pyroaurite is derived from
it. Since chalcophanite is derived from franklinite or jacobsite we
have the interesting genetic relations—hydrotalcite from spinel,
stichtite from chromite, pyroaurite from jacobsite through chalco-
phanite.

Pyrognostics—Before the blowpipe the mineral turns golden
brown, becomes magnetic, but does not fuse. In a closed tube it
turns brown, then golden brown, gives abundant water, and becomes

magnetic.
BRUGNATELLITE.

ARTINI, Real. Acc. Line., vol. 18, p. 3, 1909.
PELLOUX, Museo Civico di Storia Naturale, Genova, vol. 46, p. 34, 1913.
Brugnatellite was described-in 1909 as a new mineral by Artini.

Tt occurs at an old asbestos mine in the Val Malenco. Artini’s anal-
ysis is the only one available and the material was carefully examined
under the microscope and found to be homogeneous and free from
artinite, hydromagnesite, brucite, etc., and with but a trace of serpen-
tine. Artini’s analysis is given below:

Analyses and ratios of brugnatellite.

Constituents. ’ Per cent. Ratios.

| |
T e e o e S e P B N I I o s e
[ e e LR Fogeilin 13.20 0. 030 0.45| 3x .90
MGPEAER,. s TE SR T8 " Sralah. Serwd LI _ 1. 80 | . 025 } : £
Ma@cle ot 3o dind ok g e sd2 29 oL oo sl
0 e et S S i O etucde 2 ! 7.78 | 47 1.00| 1x100
HD U 2R aid S LG Baon|l 2l 18T 10.6 | 10 x 1. 06

|__‘ .

i 100.37‘ |

These ratios give the formula 6MgO. 1R,0;. CO,. 104HO,. which
may be written MgCO,. 5Mg(OH),. Fe(OH),. 4R,0. This corre-
sponds to pyroaurite, less one molecule of Fe(OH).,.

However, if we consider one molecule of Fe (OH), replaced by its
equivalent of magnesia—that is, 13 Mg(OH),—we get a formula
requiring a composition given below:
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Comparison of analyses of brugnatellite with values to suwit formulas.

| | A
| MgCOy.5Mg | MECHS2ME
Constituents. Artini’s. | (QMReFe | Mg(OH),
| (QH)k4 | Fe(OH).
H:O0- | “am0.
Wk ] Eia Eoe
1550 e il o T G S 13.39 14.41 | 12.40
1010 TSN VTl Mo M FOR B | B B UM TSRS IR 44.45 | 43.62 | 46. 87
G e b et e iRt adearaaden o Big | 7.89 | 7.93 | 6.87
RGBT S L S B e e l 34.27 i 34.04 | 33.75
]

Which of these formulas is the correct one, or whether brugnatel-
lite 1s identical with pyroaurite can only be determined by additional
analyses.

Pyrognostics—Before the blowpipe the mineral turns golden yel-
low, but does not fuse and becomes magnetic. In the closed tube it
turns black, then golden yellow; yields considerable water, and be-
comes magnetic.

Pelloux describes a mineral from Mount Ramazzo as brugnatellite,

but gives no analysis. Specimens from this locality in the United
States National Museum (No. 93008) show a light brown, pearly

mineral with an index of refraction of about 1.536, and very low
birefringence, not pleochroic. This material is too scanty and impure
for an analysis.

A comparison of the properties of these minerals further brings
out the isomorphous relationship:

Comparison of properties of minerals of the hydrotalcite group.

Hydrotalcite. ‘ Pyroaurite. | Stichtite. | Brugnatellite.
Wihite boyie . SAiial I"Toight. brown ot .. . .. Lavender purple.. Rose, licht brown.
Trandluecent o S=oioi Translucent . & . o... Translucent . . . ... | Translucent.
Wnrasral s s iens b Wnigmaals & ot - tos b limiamial e o0 s lmigsial,
Cleavage basal....... Cleavage basal . .... Cleavage hasal . ...| Cleavage basal.
Sp. gr. 2.04-2.09...... SP gL 207 s2s L as | Spogr: 232 [l | Sp. gr.

7 T ) R AR S n. 1.55 (approx.) .. | 7 ! (81 A | n. 1.833.
Biref weak .......... Biretwesle: 1 ..\ Biref. 10.026......
Pleochroism, none . ..| Pleochroism,none ..| Very slightly | Pleochroic.
' pleochroic.
SUMMARY.

The formula for the hydrotalcite group of minerals is shown to be
MgCO,. 5Mg(OH),. 2R(0OH),. 4H,O, and the present members are
hydrotalcite, MgCO,. 5Mg(OH),. 2A1(OH),. 4H,O; stichtite,
MgCO,. 5Mg(OH),. 2Cr(OH),. 4H,O; pyroaurite, MgCO,.
5Mg(OH),. 2Fe(OH),. 4H,0.

The chemical composition of brugnatellite and its relation to the
other minerals of this group remains in doubt.

The three members have apparently the same mode of genesis and
result from the alteration of the corresponding members of the spinel
group.
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