
NOTES ON MIMETITE, THAUMASITE, AND WAVELLITE.

By Edgar T. Wherry,

Of the Bureau of Chemistry, United States Department of Agriculture?

The following brief papers are the results of studies made in the

mineral collections of the United States National Museum.

MIMETITE FROM UTAH.

A specimen labeled " Penfieldite, Tintic District, Utah,"' in a

United States Geological Survey collection, transmitted to the

museum in 1902 (No. 85013), was examined by Mr. E. S. Larsen

in the course of his optical study of all available minerals and

found to be quite distinct from penfieldite in its optical properties.^

It has therefore been further investigated, and proves to be mimetite

in a rather unusual form—transparent, colorless, acicular crystals.

Crystals from what is evidently the same occurrence have been

described and figured by Farrington and Tillotson,^ but very few

forms were observed upon them. The crystals on the United States

National Museum specimen being rich in forms, this account of them
has seemed desirable.

The specimen is a 5 by 5 by 8 cm. mass of siliceous rock, containing

numerous small cavities lined with drusy quartz, and on one face

several imbedded galena crystals in an advanced state of alteration.

The mimetite crystals occur in the cavities, being especially abundant

on the galena-bearing side, and are subsequent to both galena and
quartz.

The thinner crystals are colorless and transparent, with an adaman-

tine luster; thicker ones have a faint yellowish hue and are more
resinous. The mean index of refraction of one of the needles,

measured on the goniometer by allowing sodium light to be refracted

through faces lying 30° apart, proved to be 2.14±:0.02. Mr. Larsen

found by the immersion method in selenium-sulfur mixtures (0=

2.14. £=2.13, both ±0.02, agreeing essentially with the results given

in the literature for mimetite.

1 This paper was prepared while the writer held the position of Assistant Curator of

the Division of Mineralogy and Petrology in the United States National Museum.
=* American Mineralogist, vol. 2, 1917, p. 20.
• Field Columb. Mus. Publ. 129, Geol. Ser., vol. 3, No. 7, 1908, p. 150, pi. 50.
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Two habits are represented among the crystals. The most abun-

dant habit, shown in idealized diagram in figure 2. is acicular, the

crystals averaging 0.1 mm. in diameter and 5 mm. in length. Two
prisms are well developed, the second-order one being usualh" domi-

nant, both showing slight curvature and vertical striation. These

needles are mostly terminated simply b}" a basal plane, but occa-

sionally pyramid faces are present. The other habit, represented by

a very few crystals, is similar to that figured by Dana for the min-

eral, a single stout prism terminated by pyramids of the same order,

the prism being horizontftlly striated like quartz, as shown in figure 1.

It might be supposed that two different minerals are represented, but

the angles of both types proved to be identical.^

As the average of a number of good measurements the p angle

of the principal pyramid was found to be 40° 02', the value adopted

b}' Professor Golclschmidt in his " Winkeltabellen " ; the figure of

Haidinger (39° 50'). cited by Dana, being undoubtedly in error.

This makes the axial ratio c=0.7275 in the orientation usually

adopted foi- hexagonal minerals in this country (G^). equivalent to

f=1.260 in Professor Golclschmidt's (G^) position. The angles of

the other forms shown in the figures correspond to this ratio. Not
only are all of the forms heretofore reported on this mineral present,

but two new forms, which are named a (symbol 3032) and z (3031)

are also developed, the first on a crystal of the acicular habit, the

other on a prismatic one

:

p„ calculated, 51° 34', observed 51° 20' ±20'.

p^ calculated, 68° 45', observed 69° 00' ±20'.

It was thought best to confirm the optical and crystallographic

identification of the mineral as mimetite by chemical tests. Removal

of sufficient material for a complete and accurate analysis would

have destroyed the specimen, but 0.0060 gram of acicular crystals

were picked out of inconspicuous cavities and analyzed as fully as

possible. The mineral is readily soluble in cold dilute nitric acid,

and from such a solution the chlorine was precipitated hj silver

nitrate, and after removal of excess silver and evaporation the lead

was precipitated by hj^drochloric acid and alcohol, the precipitates

being collected and weighed on a small Gooch crucible. Part of

the arsenic was volatilized by the evaporation, but hydrogen sulfide

precipitated the remainder, and after removal of the excess of the

reagent and evaporation with nitric acid ammonium molybdate

failed to yield a precipitate, showing the absence of phosphorus,

I The United States National Museum equipment not including a Goldschmidt two-

circle goniometer, all measurements of crystal angles described in this paper have been

made on the one in the Geophysical Laboratory of the Carnegie Institution, and thanks

are herewith extended to Messrs. Wright and Merwin, of that laboratory, for their kind-

ness in placing this instrument at the writer's disposal.
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The results obtained were: Lead oxide 73.3, chlorine 2.5, arsenic

pentoxide by difference 24.7 per cent, agreeing closely with the theory

for mimetite.

This constitutes a good example of the value of optical study of

rare or unsual minerals. Had Mr. Larsen not examined this speci-

men and discovered that its optical properties differed from those of

penfieldite, it would in all probability have continued indefinitely to

be treasured as a specimen of that rare mineral, which it certainly

resembles in superficial aspect more than it does mimetite.

TIL\UMASITE.

CBYSTALLOGRAPHIC MEASUBEMENTS OF THAUMASITE.

The first thaumasite discovered, from several localities in Sweden,
was massive, but proved to be optically uniaxial, showing it to belong

either to the tetragonal or hexagonal crystal system, and it is so

classed by Dana.^

The material subsequently found at West Paterson, New Jersey,

was described by Penfield and Pratt as forming a loose aggregate of

hexagonal prismatic crystals.^ A terminated crystal has been re-

cently measured by Dr. W. T. Schaller;^ it shows the base, 0001, a

pyramid p, taken as the unit, 1011, and a prism, m, of the same order

as the pyramid, the symbol of which is accordingly lOTl. The angle

p between the pyramid and the base averaged 51° 30', whence Doctor
Schaller calculated the axial ratio of the mineral to be (?=1.09.

Early in 1916 Mr. James G. Manchester, president of the New
York Mineralogical Club, sent the United States National Museum
a number of minerals from New York and New Jersey in exchange,

and among the lot was 25 grams of crystallized thaumasite, repre-

senting about 50,000 tiny crystals, mostly less than 1 mm. in length.

The vast majority of the crystals, though doubly terminated, show
but two forms, the first order prism and the base, but three hours'

search under a binocular microscope disclosed five crystals showing
several distinct pyramidal faces and a few faces of the second order

prism. These were submitted to crystallographic measurement, and a

preliminary announcement of the results was made in August, 1917.*

Shortly after the appearance of this preliminary announcement
there was received in this country from Stockholm, SAveden, the April,

1917, number of the Geologiska Foreningens Forhandlingar, in which
Dr. Gust. Flink announced the discovery of measurable crystals of

1 System of Mineralogy, ed. 6, 1S92, p. 698.
- On the occurrence of thaumasite at West Paterson, N. J. Amer. Jour. Sci., ser. 4,

vol. 1, 1896, p. 229.

» The crystallography of thaumasite ; in Mineralogical notes, Series 3 ; Bull. U. S. Geol.
Surv. 610, 1916, p. 130.

*Amer. Mineralogist, vol. 2, 1917, p. 89.
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thaumasite at Longbanshyttan.* A supplementary note calling atten-

tion to this was then published in the American Mineralogist.

^

The crystals described by Doctor Flink are remarkably like those

from West Paterson; they agree in size, habit, frequency of double

termination by base, rarity of pyramid faces, dullness of base, etchings

on prism faces, etc. He found two crystals with measurable pyramid
faces, on one of which two angles, from pyramid to prism, proved to

be 42° 24' and 42° 26'; the corresponding angle with the base (p)

is 47° 35', whence the axial ratio c=0.9479. No other forms were

observed.

Some uncertainty would naturally be attached to a ratio based

on two measurements on a single crystal which was admittedly rather

poorly developed. When compared with the results obtained by the

writer on the New Jersey crystals, which are given in full below, it

will be seen that the difference between the two sets of measurements

is but 30', and the corresponding difference in axial ratio 0.017 ; but

since the writer's value is based on 26 measurements, on four forms,

on five different crystals, it is believed to be nearer the true axial

ratio for the species.

The crystals measured are from 0.5 to 1.5 mm. long and 0.3 to 0.7

mm. in diameter. The basal planes are dull, and yield only faint

reflections; the pyramid faces are none too brilliant, and are mostly

somewhat curved, so that they distort the image of the signal a little

;

the prism faces are the best of all, yielding brilliant images, although

the existence of intergrowth with subparallel crystals makes itself

evident in frequent multiplicity of images. None of the termina-

tions is perfect, only from one to four of the possible six pyramid

faces being developed; nor were any of the crystals found to be

doubly terminated with pyramids ; in every case the opposite end to

that showing pyramid faces is terminated by the base alone. This

suggests that the mineral is hemimorphic, but this could not be con-

firmed by etch-figures, since etching with dilute acids and with water

containing carbon dioxid yielded nothing but narrow grooves with-

out definite crystallographic features. The rather poor quality of

the faces renders the measurements somewhat unsatisfactory, but

the axial ratio of the mineral can certainly be regarded as estab-

lished and the presence of several new forms proved.

One pyramid appears on all five crystals, yielding fairly good reflec-

tions in several instances, and its p was found to average 47° 5'±:15'.

This is evidently the same form observed by Doctor Schaller, the

discrepancy in angles being due to the fact that he was unable to

obtain definite signals with his crystal, and so was obliged to locate

the pyramid by maximum illumination, a method incapable of yield-

1 Geol. For. Forh., vol. 39, 1917, pp. 447-452.

'Vol. 2, 1917, p. 125.
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ing accurate results. This pyramid is taken as the unit 101, and

yields the axial ratio for thaumasite

:

<7=0.931± 0.003.^

Three other pyramids and the second order prism were also ob-

served, making the total number of forms now known on the raintral

7. The results of the measurements of the angles of these forms,

contrasted with the theoretical values, are given below, and an

idealized combination of all the forms in figure 3. The zone of

pyramids represents Professor Goldschmidt's harmonic series N3,

throe members being absent:

Form:
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or a sulfate? Dana^ placed it in a "concluding division" of sili-

cates. Penfield and Pratt ^ not only accepted its interpretation as

a silicate, but even wrote the following constitutional formula with

silicon as linking element:

HO—Ca—Ov .0—C—O—Ca—OH
Si

HO-^ \0—S—O—Ca—OH
o o

Now that it has been discovered that sulfates played an im-

portant role in the zeolite deposits of the Watchung Mountain

region, which yield far more thaumasite than all other localities put

together, the view suggests itself that this mineral is a sulfate, a

derivative of anhydrite, as expressed in the structural formula

below

:

O

,0. .0—Ca—O—Si—OH
Ca S

^0-^1^0—Ca—O—C —OH

This formula agrees with the following facts:

1. Thaumasite is derived, in the Watchung Mountain region, by

the action on anhydrite (CaS04), (or on the calcium sulfate por-

tion of glauberite (CaS04-[-Na2S04) ), of solutions capable of de-

positing calcium carbonate (calcite) and silicates (zeolites).

2. It contains 15 molecules of water, but, as has been shown by Dr.

H. E. Merwin,^ 14 of these go off as the temperature is increased

without a break in the dehydration curve, and must be regarded as

" water of crystallization ;
" the last one is driven off only at red heat.

The formula given shows that two hydroxyl (OH) groups are pres-

ent, joined to different elements, which accounts for the high tem-

perature needed to cause tliem to unite and liberate water (HgO).

It is, of course, not to be inferred that in the crystalline mineral

the atoms are actually arranged in the manner indicated, for from

I'ecent work in crystallography, especially the application of X-rays

to the study of crystal structure, it is known that the atomic arrange-

ment in crystals is based on geometrical rather than chemical rela-

tionships. Such a structural formula means, therefore, merely that

1 System of Mineralogy, ed. 6, 1892, p. 698.
" Amer. Journ. ScL, ser. 4, vol. 1, 1896, p. 229.

8Journ. Wasb. Acad. Sci., vol. 4, 1914, p. 49G.
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development of molecules of this structure in solutions led to the

crystallization of the mineral in the first place.

Thaumasite is, accordingly, regarded as a sulfate, and it is recom-

mended that it be described chemically as " di-hj^droxy-tricalcium

carbono-silico-sulfate, crystallizing with 14 molecules of water in the

hexagonal system," It probably belongs in the same group as con-

nellite and hanksite, which are similar in crystallization.

CRYSTALLOGRAPHIC MEASUREMENTS ON WAVELLITE FROM HBL-

LERTOWN. PENNSYLVANIA.

In an abandoned iron mine 1 mile southeast of Hellertown, North-

ampton County, Pennsylvania, the locality of the beraunite described

in an earlier paper in this series,^ wavellite has long been known to

occur, and in 1910 the writer found two specimens containing meas-

urable crystals, which are rarely met with in this mineral.

The wavellite is in acicular crystals in divergent groups in cavities

in ferruginous sandst^one. These are very minute, rarely exceeding

0.1 mm. in diameter, but their faces are brilliant and yield fairly

good reflections, although subparallel intergrowth renders the angles

somewhat variable. The indices of refraction, measured by the

immersion method, are a=1.52.5, ^=1.535, and 7=1.550, alldzO.005;

the specific gravity is 2.325. The results of the crystallographic meas-

urements are tabulated below. The form p, (121), is best developed,

and gives reflections which can be read accurately to about 5 ^ ; but the

results vary 30' or more from one crystal to another, so that the axial

ratio can not be determined beyond the third decimal place. The
average angles for this form proved to be: 9=41° 45': p=47° 15',

Avhence the ratios are : a:b:c: =:0.564 : 1 : 0.404. In all 8 certain and
several dovibtful forms are present; one of their modes of combina-
tion is shown in figure 4; other crystals are like those figured by
Dana.

The forms are

:

b (010) well developed.

a (100) traces, in the midst of striations of prism zone.

I (430) traces, in the midst of striations of prism zone.

m (110) well developed.

n (340) traces, in striations.

p (101) prominently developed, but dull.

s (111) minute, though fairly bright.

o (121) fairly well developed, brilliant.

All the material which could be spared without destroying the

specimens, amounting to 0.4 gram, was submitted to the firm of

1 Proc. U. S. Nat. Mas., vol. 47, 1914, p. 507.
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Booth, Garrett & Blair, of Philadelphia, for analysis, and the re-

sults, obtained by Mr. Frederick Wynkoop, of that firm, were:

Analysis of WavelUte from Hellertown, Pennsylvania.

AljOj
PsOs
F
H20
SiOa

Total (less 0=r 0.3)

36.5
33.4
0.8
28.6
1.1

0.358
0.236
0.040
1.580

100.1

3.03
2.00

13+

1. Results of analysis ; the fluorine figure is known to be too low, but the

material available was insufficient for its accurate determination. 2 and 3,

ratios.

This agrees exactly with the Groth formula for the mineral,

(Al(OH,F))3(P04)24-5H20, which differs from that adopted by
Dana in allowing for the fluorine and in recognizing the presence of

an additional half molecule of water. Written in expanded form,

this is 3Al203.2P205.13(H20, 2HF).

THE AXIAL RATIO OF WAYELLITE.

A number of occurrences of wavellite have been studied crystallo-

graphically, but the axial ratios obtained exhibit slight variation,

as brought out in the following table, in which the determinations

are arranged in chronological order:

Date.
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EXPI^NATION OF PLATE 56.

The figures are somewhat idealized diagrams of the crystals described. New
forms are marked with an asterisk * below.

Fig. 1.—Mimetite, Tintic District, Utah; Prismatic habit; a combination of c (0001),

a (lOlO), X (lOll), y (2021), z* (3031), and tt (4041).

2.—Mimetite, same locality; acicular habit; c (0001), a (lOlO), h (1120), h (2l50),

X (1011), a* (3032), y (2021), s (1121), and m (2131).

3.—Thaumasite, West Paterson, New Jersey, showing all the forms observed;
c (0001), a* (1120), m (1010), e* (10l2), /* (2023), j> (lOll), and q* (3032).

4.—Wavellite, Hellertown, Pennsylvania; a combination of h (010), a (100),

i (430), m (110), n (340), and o (121).
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