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MINERALOGICAL STUDIES OF THE NITRATE DEPOSITS OF CHILE
IV. BRUGGENITE, Ca(lO;),"H,0, A NEW SALINE MINERAL

By GEORGE E. ERICKSEN, MARY E. MROSE, and JOHN W. MARINENKO,
Washington, D.C.

Abstract.—Briiggenite, Ca(10, ),-H, 0, is found in veins of high-purity
soda niter in rhyolite tuff at Pampa Pique II1, Oficina Lautaro, Chile, as
long columnar anhedral crystals, as prismatic crystals, and as irregular
anhedral crystals or encrusting masses. The mineral is colorless to bright
yellow, and transparent to translucent, has vitreous luster and a hard-
ness of about 3%, is brittle, and has conchoidal fracture. It is biaxial
and has variable optic angle and refractive indices, which were deter-
mined by the spindle-stage method. Refractive indices are as follows:
ne=1.772-1.779, n,=1.795-1.802, and n,=1.817-1.824 (all20.003);
optic angle shows a range of 2V, = 86°—96°; Z=b&and XAc=47";
dispersion (Z) is r<v, moderate. Bruggenite is monoclinic, space group
P2, Jc, with 6=8.509+0.001 A, b=10.027£0.002 A, ¢ = 7.512:0.001 A,
8 = 95°16.00'+0.55', volume 638.2 A%, Z = 4, G(calc) = 4244,
G(meas)=4-2410.01. The X-ray diffraction powder pattern of brilg-
genite has the following strong lines (hkl, dpjy 1): 031, 3.051 A (100);
220, 3.238 A (90); 200, 4.235 A (80); 002, 3.739 A (60); 012, 3.503 A
(60); 231, 2.522 A (60). The composition was confirmed by chemical
analyses.

The new mineral briiggenite (pronounced brii-gén-ait) was
discovered in a suite of saline minerals from nitrate deposits at
Pampa Pique III, about a kilometer north of Oficina Lautaro
(fig. 1) in the Taltal nitrate district of Chile. The material was
collected in 1965 by Ericksen and his Chilean colleagues
Femnando Munizaga and Mauricio Tabak of the Instituto de
Investigaciones Geologicas. This area is the type locality for
the minerals lautarite, Ca(IO3);, and dietzeite,
Ca;(105),(Cr04). Specimens of briiggenite, which range from
colorless to bright yellow, were first assumed to be lautarite
and dietzeite, but X-ray powder diffraction studies showed
them to be a distinct mineral species. [dentification of the new
Mineral was made somewhat more difficult than usual because
thﬁ published powder data for lautarite are actually those of
briiggenite, Ca(10,),-H, O.

Pampa Pique III is a nitrate mine area that formerly supplied
ore for treatment at the nearby nitrate plant at Oficina
Lautaro. The area is within a closed depression, several
hundred meters in diameter and 10-20 m deep, in a terrain of
reddish to purplish rhyolite ash-flow tuff. This depression is
one of several in this part of the Taltal district and may be an
original feature dating from the time the tuff was deposited,
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Figure 1.—Index map showing location of nitrate fields (stippled) in
southern Antofagasta Province, Chile.

probably during the Pleistocene. However, the depression has
been modified by wind deflation, the chief agent of erosion in
this extremely dry region. Specimens for our study came from
piles of nitrate ore and from veins in the tuff in the vicinity of
a water well (Pique III) near the center and lowest part of the
depression.

The veins (fig. 2) contain extremely high-purity soda niter;
chemical analysis of a sample of fibrous nitrate from this
locality showed it to contain 99.8 percent NaNO; (Ericksen
and Mrose, 1972, p. B48). Furthermore, the surface-leached
zone of the veins is very shallow, commonly only 10 or 20 cm
deep, in contrast with other areas where the leached zone is
generally more than a meter deep.

The mineral is named for Juan Briiggen M. (1887-1953), a
leader in the study of Chilean geology. As a professor at the
University of Chile he trained many of the Chilean geologists
and mining engineers who are the leaders in the present mining
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ERICKSEN, MROSE, AND MARINENKO

PHYSICAL AND OPTICAL PROPERTIES

Individual crystals of briiggenite are colorless to bright
yellow, transparent to translucent, and have a vitreous luster.
The bright yellow of some briiggenite may be due to trace
amounts of chromate (Cr047%) as impurity, but small frag-
ments and crystals of briiggenite that appear colorless are very
pale yellow when grouped together, suggesting that the color is
an inherent property of the mineral; synthetic crystals of
briiggenite are also pale yellow. The powder and streak are
white.

Briiggenite is brittle, has a hardness of 3¥%, lacks cleavage,
and has conchoidal fracture. It does not fluoresce in either
long- or short-wave ultraviolet light. The specific gravity,
determined at 22°C on crystal fragments on the Berman
microbalance, using toluene as the immersion liquid, is
4.24%0.01 (an average of six determinations), in excellent
agreement with the value 4.24+0.01, determined by the
pycnometer method at 25°C, for synthetic briiggenite; the
density calculated for briiggenite from the X-ray data is 4.244
gem,

In transmitted light, briiggenite is colorless to very pale
yellow and is nonpleochroic. The mineral is monoclinic, and
synthetic prismatic crystals show orientation of XAc=-47",
Z=b. The previously reported orientation (Mrose and others,
1971) is in error because determinations were made on natural
columnar materjal that later proved not to have true erystal
forms. Dispersion (Z) is r <v, moderate.

The optic angle and refractive indices of both natural and
synthetic briiggenite show considerable variation from grain to
grain in apparently homogeneous material and even on
different parts of a single grain or euhedral crystal (Ray E.
Wilcox, written commun., 1973). Determinations of refractive
indices were made on the spindle stage, using the focal
masking technique, and by normal immersion method, using
both sodium light and white light. Index oils were checked
with a Leitz-Jelley-type mierorefractometer at the times
indices were measured. Optic angles were also measured on the
spindle stage. Refractive indices for natural and synthetic
briiggenite thus obtained are as follows: ny=1.772-1.779,
ng=1.795-1.802, and n+=1.817-1.824 (all measurements
accurate to *0.003); the optic angle shows a range of
2V,=86°-96°. Twinning was not observed, although the
columnar briiggenite that is intergrown with fibrous soda niter
shows impressions of longitudinal twinning striae of crystals of
the enclosing soda niter.

CRYSTALLOGRAPHY

Single-crystal X-ray data.—The unit-cell parameters of briig-
genite from Pampa Pique I were first derived wusing Buerger
precession techniques. Monoclinic cell constants and space
group were obtained, using both nickel-filtered copper radia-
tion and zirconium-filtered molybdenum radiation, with
exposure times of approximately 72 h for the latter. The Ok,
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k1, 2kl hOl, h2l, and h3! reciprocal latlice nets were
photographed. The conditions limiting the possible reflections
are hOl:I=2n and 0k 0:k=2n, so that the space group P2, /e is
thus uniquely defined. The cell data for the natural material,
obtained by single-crystal techniques, are compared below
with those derived from the Xoray diffraction powder data
(table 1) by the Ieastsquares refinement technique, using the
digital computer program of Appleman and Evans (1973):

Single-crystal data X-ray powder data

{precession method)  (least-squares method)

Crystal system . ......... Monoclinic Monoclinic
a(Ay oo 8.505 8.509:0.004
BAY . or o 10.000 10.027+£.002
AA) oo 7.498 7.512£0.001
B o 95°20°+10° 95°16.00'£0.55’
abe............ 0.8505:1:0.7498 0.8486:1:0.7492
Spacegroup ............. P2 e 2, fe
Cell volume . .. .......... 634.9 A? 638.2 A?
Cell contents . ... .. 4[Ca(10,),-H, 0] 4| Ca(l0y), 11, O}
Density (cale) . ....... 4207 gem™? 4244 em™?

X-ray powder dala.-X-ray powder patterns were prepared
for briiggenite from Pampa Pique 111 and for crystals of
Ca(103),'H,0 synthesized during this study; the powder
patterns of both are identical. Indexed X-ray powder data for
briiggenite are listed in table 1. The powder data cited in the
Powder Diffraction File (formerly ASTM) card 1-0386 for
so-called synthetic lautarite (= synthetic briiggenite) are com-
pared in table 1 with those of briiggenite of this study.

Morphology.—Most briiggenite occurs as anhedral erystals or
eryptocrystalline masses. The anhedral crystals are long, thin,
and columnar, clongated ¢, and are intergrown with fibrous to
columnar soda niter crystals; these briiggenite crystals tend to
have irregular rough strated faces that reflect the growth
pattern of the soda niter. Faces on these crystals, limited to
the prism zone, are distorted. Some may be true erystal faces;
others dlearly are not.

Prismatie crystals of briiggenite are as much as a centimeter
long in the ¢ direction and show a diamond-haped eross
section, as much as 6 mm long in the b direction (fig. 3).
Interfacial angles measured with a petrographic microscope
gave a phi angle of 60° for several of the diamond-shaped cross
sections, which compares favorably with a caleulated phi of
60° 36’ for the prism form {320}. None of the many
synthetic crystals examined in the course of this study showed
this form.

Four small, terminated, apparently eubedral crystals of
natural briiggenite, of long prismatic habit (length:width:
thickness, approximately 0.5 mm:0.15 mm:0.10 mm) were
measured on the optical goniometer. The interfacial angles
obtained for the four AkQ faces in the prism zone were not
consistent with those of a prism form; these faces undoubtedly
resulted from growth control effected by the fibrous soda
niter. Forms observed on these erystals were b {010}, as very
narrow faces, and the clinodome, 1 {011},
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Table 1.—X-ray diffraction powder data for briiggenite, Ca(10,),H,0

[Monoclinie, P2, fe: a=8.509+0.001 A, b=10.027+0.002 A, ¢=7.512+0.001 A, $=95° 16.00°£0.55']

Pampa Pique 111, Oficina Lautaro, Chile “Lautarite™ (PDF 1-0386) Pampa Pique 111, Oficina Lautaro, Chile ““Lautarite” (PDF 1-0386)
= synthetic briggenite = synthetic bruggenite
Calculated? Measured? Measured? Calculated® Measured? Measured’
hkl hki
d(A) d(A) I d(A) I d(A) d(A) I d(A) i

100 U 023 2.233 2233 18 2.23 13
110 6.472 6.475 7 67 7 302 2161 ... il e e
o011 5.996 5.996 35 6.0 - 27 240 2.157 2157 < S
111 1« 330 8 &7 P
020 5.013 5.011 50 51 33 322 2.136 2135 5 eenr eeens
11 4.733 4.733 7 i e 400 2118 2.118 35 2.12 27
120 435 s e e . 232 2.093 2.093 SR
200 A4.237 4.235 80 4.27 100 410 2,073 2,072 5 e e
021 4.165 4.167 5 oo L.l 142 2046 L., e e e
210 902 LLoo0 Ll Ll 223 2.046 2.045 35 2.04 2
121 1.815 3.814 5 ieeen e, 411 2045 L. aei. eeeeee eeeees
002 3.740 3.739 60 3.75 30 142 1.9986 1.9987 11 2.00 3
2t 3.587 3.587 18 L L 051 1.9369 1.9368 35 1.95 20
102 IS L L 223 1.9114 1.9113 18 ceien e
012 3.504 3.503 60 3.51 27 104 1.8625 1.8635 25 e e
'_.l.’ : 3, ;l;s:? 3.345 50 335 23 014 1.8384 1.8388 35 1.85 20

2 334L o 1.7964 25 aeeee eenes
102 3310 o L L, 1.7768 60 1.78 42
220 3.236 3.238 90 3.24 67 1.7737 60 ... eseses
112 3 1.7476 60 1.75 42
130 3109 ... .. ... o 1.7104 30 1.71 13
031 3.051 3.051 100 304 100 1.6929 7 e
221 33049 ..., ) 1 23

......... - e 1 67

022 2.998 2998 2 L. L. i 2;;3 ‘;§ L63 13
302 2941 2,940 0 .. ] 1.60 B
131 2906 ... ... .o 1 gggf lg eee
221 2097 ... DT T e 13
122 2.894 2.894 7 . igigg 13 Lse 7
131 2837 .. Ll L Toas  1a T
00 2824 o 0 T o oo
212 2.822 ey O AN
T aaz a8 18 28 7 1.4940 13 149 T
310 2719 2718 8 L SR
202 2684 2685 35  afo am’ 4573 18 ...... A
31 2631 S 35 269 53 14512 18 1.45 _1. y
20 2629 ., e 1.4323 A 17
22 2593 2502 8 250 g 14130 18 4L
322 2537 ... . ' 1.3990 18 e 13
31 2 521 2522 60 . 253 ’ . 5() - 1.3640 18 136
032 2.192 2491 7 ] 1.3478 1L e
pa) 2433 2431 35 st e 1.3320 1 e ;
32 2am ... > 24 27 13147 13 . T
013 2420 2.420 7 T e 1.3026 11 e T
321 2.395 2395 7z e 1.3002 1 ... - e
22 2366 2366 0 237 3o 1.2850 13 e
312 2298 2298 13 239 7 1.2725 1 e

' Al possible calculated d's listed f. —

: d =2, : . . - . A
S3320 2 and 218000 A listed only for thoce apmeryed, 10 @5 | *Camera diameter, 16 in.: Zr.fitered Mo eadiation (W loKa=070%

?Camera diameter, 114.59 mm; Ni-fitered Cu radiation (ACuKe = n}ensities tes copondined by comEa.rison it s'mpskamm"d

L5418 A); internal standard CaF.. Lo . ntensitie i P ; i tha
e al s y . Lower | . A s estimated visuall direct comparison wi o
approximately 6.0° (14.7 A) 2 er limit measurable for 28 is ?J]ens;:y f;_dmstrip (\:/f_succcssi);c y;tep—linc ex}l))osur& related to €2
€r by a tactor of /2.
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Table 3.—Chemical analyses of briiggenite, Ca(10,),-H, O, and its synthetic equivalent
[Analyst: John W. Marinenko]

Cations on the basis
of seven oxygcens

Theoretical composition

for Ca(10,},-H, 0

Synthetic

Brinzgrenite equivalent

Weight
pereent

Weight
percent

Weight
percent

Synthetic

Recaleulated! Recalculated? Bruggenile equivalent

14.2
0.4

14.1
0.4

Ca
..... Sr 11

............

81.7
2.8
<0.1
0.3

81.4
4.1

.....

............

CO, .o
Insoluble
residue.?

1 2.0
H 1.9

Total ....... 99.4 100.0

99.3 100.0

' Reealeulated 1o 100.0 after deducting insoluble,
*Recalealated to 100.0 alter deducting insoluble,

C0,, and 335 percent lautarite,
and CO, as CaCO,.

ISample contained a siall amount of CaCO, (used in the synthesis) as an impurity.

*Insoluble residue in (111} HCL,

Synthesis.-Briiggenite is readily synthesized. It was prepared
during this study by initially adding a 0.2 molal solution of
iodic acid (HI03) to 9.5 g of rcagent-grade calcium carbonate
(CaCOy). When effervescence ceased, the filtrate was carefully
decanted, passed through very fine filter paper, and then held
in an oven (50°--80°C) in a covered vessel until crystallization
took place. Well-formed transparent doubly-terminated
crystals of briiggenite were thus formed (fig. 4). They were
dried between filter papers, washed suecessively with methyl
alcohol and acetone, and air dried at room temperature. The
chemical analysis of these synthetic crystals (table 3)
confirmed that the composition was Ca(I0;);-H,0. X-ray
powder patterns for the synthetic crystals and naturally
occurring bruggenite show them to be identical.

X-ray powder data recorded for a compound synthesized
and eharacterized as Ca(103),°nH; O by Kaplan (1966) in his
efforts to prepare lautarite, Ca(l03);, using various methods,
are in good agreement with those for briiggenite.

Solubility data.—The three known phases (fig. 5) in the
system Ca(103);-H,0 (T<100°C; P = 1 bar) include the
minerals lautarite and briigzenite, which occur together in the
Chilean nitrate deposits, and Ca(103),-6H,0 which has not
yet been found as a mineral. Solubility data presented by Hill
and Brown in 1931 show Ca(l03); to be the
high-temperature  phase (T257.5°C), Ca(l03),-H,0 the
intermediate phase (T = 35°-57.5°C), and Ca(10;),-6H,0
the low-temperature  phase  (T=35°C).  Furthermore,
Ca(103); 11,0 forms metastably in the temperature ranges of
25°-35°C and 57.5°~70°C, and Ca(103), 611, 0 in the range
35°--40°C, as indicated in figure 5. The presence of lautarite
and briiggenite in the nitrate deposits, which probably formed
at an average temperature of less than 25°C (P = 1 bar),
probably indicates that their stability temperatures were
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Figure 5.—The system Ca(I0,),—H,0. (From Hill and Brown,
1931, p. 4319)

depressed by other salines present in the crystallizing
solutions. Ca(103),-6H,0, which readily desiccates 1o
Ca(10;);°H, O in air at room temperature, either did not form
in these solutions, which is most likely, or, if formed, became
unstable as the newly formed nitrate caliche dried.
Briiggenite is readily soluble in hot water (=100°C) but only
slowly soluble in cold water (=22°C). It is readily soluble it
dilute to concentrated hot HCl and HNO; and in moderately -
concentrated (1:1) to concentrated cold HCI and HNO:
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Bruggenite is less soluble in dilute (1:10) cold HCI and only
dightly soluble in HNO; of similar concentration. It is only
slightly soluble in sulfuric acid, decomposing and forming a
precipitate of gypsum (CaSO,4-2H; 0). It is insoluble in organic
solvents such as alcohol, acetone, and xylol.

Pyrognostics.—Before the blowpipe, briiggenite is infusible.
When heated in an open platinum crucible just below red heat,
briiggenite gives off water and violet vapors of iodinc; the
crystals turn light reddish brown, minute cracks appear, and
some exfoliation takes place. This material gives an X-ray
powder pattern of an unidentified phase, possibly Cas(10s),.
At red heat in the open platinum crucible, iodine vapors are
given off and the briiggenite erystals turn white and
decrepitate; this residue has the X-ray powder pattern of Ca0.
When heated in a closed tube at red heat, briiggenite first gives
off water; almost immediately thereafter, copious violet vapors
of iodine deposit shining black rhomboidal crystals of iodine
on the walls of the upper end of the tube.

Thermogravimetric analysis.—A thermogravimetric trace (fig.
0) of briiggenite was made by Frederick O. Simon, U.S.
Geological Survey, using a 100-mg sample and a
thermogravimetric  balanee that automatically records the
weight of the sample as the temperature rises (4°C/min in air)

s o
to a maximum of 1,000°C. The trace shows a loss (table 3) of
most or all of the water (=5 pereent) between the tempera-
tures of 210° and 240°C. The remaining material, consisting

T T —T T
ot 4
N\ - Loss of H,O

w0} )

0l i
(723
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0
3 bk |
Iy Rammelsberg reaction /
9 5Call0,), = Ca, (10}, +41,+90;
w
z | .
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g 5o} _
o
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Decomposition of Cagl10,);”
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Ca0 residue —
0 I L

[ L
200 400 600 800
TEMPERATURE, IN °C

Figure 6.—~Theﬁnogravimclric trace for briiggenite, Caf10,),-H,0,
showing progressive decomposition to Ca0 upon heating.

of Ca(10,4),, then decomposes in two steps: (1) Between about
550° and 710°C, there is a weight loss due to loss of jodine and
oxygen by the Rammelsherg reaction (Duval, 1953, p. 155):
5Ca(104), = Cas(104), +41,+90,, and (2) at about 710°C, a
strong inflection in the curve indicates that Cag(104)y begins
to decompose, releasing additional oxypen and the remaining
iodine. Decomposition is completed at about 875°C, leaving a
residue of Ca0 equivalent Lo about 13 percent of the oniginal
sample.

Infrared analysis.--Infrared traces of briiggenite from Pampa
Pique 1, and its synthetic equivalent, for the region
4000-200 em™', are shown in figure 7; the principal
absorption bands are listed in table 4. For comparison, the
infrared frequencies for the 105 jon and for Hy O reported for
the compound Ca(10;),-6H,0 by Miller and Wilkins (1952)
and Miller, Carlson, Bentley, and Jones (1960) alse are shown
in table 4.

WAVELENGTH, IN MICAONS

25 3 4 ] 6 78 %10 12 1% 20 1860
100 - L - % ¢ '1 1r l«.>~§;wr‘¢<6~«4:@4“!’5&*..,\»,«4,.,‘»‘.1
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60 Bruggenite M’\v/ f\/f{/‘f« \JM
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q “
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40 : V |
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204 :
i
H

i 1 " i i
4000 3500 3000 7500 2000 1700

b, ¢ S
1400 1100 8OO 500 200

WAVE NUMBERS, iR Cm'
Figure 7. Infrared traces of natural and synthetie brigrenite,
Table 4.—Infrared frequencies (em ™) for W, 0 and 1), in brigggenite,
Ca(10, ),- 1, 0, compared with those for Ca{10,),-611, 0

[Intensities: s, strong:m, meadivm: w, wesh |

1,0 10,
v, v, ¥, vy v, v,
Briiggenite . .. . 3300s 1625m 750« Im 820 335w
2075 m 7808 A M
Ca(10,),61,0° 3350 m 1610w 748m 39Tm 817« 335m
3450 m WoOm ITm
773 =

Yug = stretching mode (v, and v,)
*Frequencies from Millet and Widhine (1932, p.
Carlson, Bentley, and Jones (1964, p. 217).

258y, Miller,

The infrared curves were made by Irmving AL Breger, {15,

Geological Sumey, with a PerkinElmer Modd 624
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spectrophotometer, utilizing KBr disks consisting of a mixture:

of 0.500 mg Ca(104),-H,0 and 300 mg KBr. The absorption
bands (table 4) were identified by comparison of the spectra
shown in figure 7 with spectra of iodate compounds (NalOj,
K103, and Ca(103), 6H;0) presented by Miller and Wilkins
(1952) and Miller, Carlson, Bentley, and Jones (1960).
Vibrational modes (V) for the 105 ion were assigned by
comparison with the fundamental vibrational frequencies
listed by Nakamoto (1963, p. 87); those for H,O were
assigned by comparison with spectra by Adler (1965).

ACKNOWLEDGMENTS

These investigations were carried out under the auspices of
the U.S. Geological Survey in cooperation with the Instituto
de Investigaciones Geologicas of Chile. We wish to thank our
colleagues of the U.S. Geological Survey for contributions to
this study: Ray E. Wilcox, for spindle-stage determination of
some of the optical properties, which allowed refinement of
our carlier determinations (Mrose and others, 1971); Joseph L.

Harris, for the semiquantitative spectrographic analysis; Judith.

Konnert, for the unit-cell refinement; Frederick O. Simon, for
the thermogravimetric trace; and Irving A. Breger, for the
infrared traccs. We also thank our Chilean colleagues Fernando
Munizaga and Mauricio Tabac for their collaboration in the
field study that resulted in the discovery of briiggenite.

REFERENCES CITED

Adler, H. H., 1965, Examination of mass-radius effects, hydrogen
bonding and vy, splitting in infrared spectra of Zr-Hf homologs: Am.
Mineralogist, v. 50, no. 10, p. 1553-1562.

BRUGGENITE, A NEW SALINE MINERAL

Appleman, D_ E. and Evans, H. T., Jr., 1973, Indexing and least-squares
refinement of powder diffraction data: U.S. Dept. Commerce, Natl.
Tech. Inf. Service PB—216 188, 67 p.

Duval, Clement, 1953, Inorganic thermogravimetric analysis: New
York, Elsevier Pub. Co., 531 p.

Ericksen, G. E., and Mrose, M. E., 1972, High-purity veins of soda-niter,
NaNO,, and associated saline minerals in the Chilean nitrate
deposits, in Geological Survey research 1972: U.S. Geol. Survey
Prof. Paper 800-B, p. B43-B49. '

Hill, A. E., and Brown, S. F., 1931, Ternary systems. XV. Potassium
iodate, potassium nitrate, and water. XV Calcium iodate, sodium
iodate, and water; Am. Chem. Soc. Jour., v. 53, p. 4316—4320.

Hillebrand, W. F., Lundell, G. E. F., Bright, H. A., and Hoffman, J. L,
1953, Applied inorganic analysis: New York, John Wiley and Sons,
1034 p.

Kaplan, S. F., 1966, An X-ray diffraction study of some of the
naturally occurring iodates: Ann Arbor, Univ. Michigan, Univ.
Microfilms, Inc., 186 p.

Marinenko, J. W., and May, Irving, 1970, Gas chromatographic
determination of carbonate carbon in rocks and minerals, in
Geological Survey research 1970: U.S. Geol. Survey Prof, Paper
700-D, p. D103-D105.

Miller, F. A., Carlson, G. L., Bentley, F. F., and Jones, W. H., 1960,
Infrared spectra of inorganic ions in the cesium bromide region
(700—300 cm ™' ): Spectrochim, Acta, v. 16, p. 135—-235.

Miller, F. A., and Wilkins, C. H., 1952, Infrared spectra and
characteristic frequencies of inorganic ions: Anal. Chemistry, v. 24,
p. 12531294,

Mrose, M. E., Ericksen, G. E., and Marinenko, J. W_, 1971, Briiggenite,
Ca(10,),-H,0, a new saline mineral from the Chilean nitrate
deposits [abs.]: Clay Minerals Conf., 20th, Rapid City, S. Dak,
Ann. Mtg., Program, p. 13.

Nakamoto, Kazuo, 1963, Infrared spectra of inorganic and
coordination compounds: New York, John Wiley and Sons, 328 p.

Osann, A., 1894, Krystallographische Untersuchung einiger neuer
chilenischer Mineralien: Zeitschr. Kristallographie, v. 23, p.
584589,






