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MINERALOGICAL STUDIES OF THE NITRATE
DEPOSITS OF CHILE. I I .  DARAPSKITE,

Naa(NOa) (SOn) .HrO'

GBoncB E. EnrcrsBu aNl Many E. Mnosr, U.S. Geological
Surtey, Washington, D.C. 20242.

Ansrnect

Darapskite, Nas(NOB)(SO{).HzO, though occurring only sparsely at four other locali_
ties, is widespread in the nitrate deposits of Chile. It occurs as euhedral crystals in cavities
and as platy to granular material admixed with other saline minerals. The abundance of
darapskite here and its scarcity elsewhere results from the exceptionally high concentra-
tion of nitrate in the deposits and can be explained by the phase relations in the system
NaNOa-NaCl-NazSOr-HzO, which includes ttre principal saline components of the nitrate
ore.

Crystals from Oficina Alemania are monoclinic, P21/m; a:10.564+0.002 A, f :O.Stg
+0.001 A, c:5.1890+0.0009 A, p: l}2o 47.gt +0.g,, Z:2, p(meas) 2.202 g/cmt. X-ray
powder difiraction data for darapskite, presented for the first time, show the following
strong lines: 10.29 A (100) (100); 3.a56A (35) (020); 2.365 A (35) (220) and, (O2l);2.59a ir
(30) (T02); 4.13 A (25) (210); and 3.522 A e, Qrt). The tine d:r0.2g A is exrremely
sensitive and appears in mixtures of saline minerals that contain as little as j of a percent
darapskite. Comparison of physical, optical, crystallographic, and X-ray data confirms
published data and demonstrates very close similarity between natural and slnthetic
darapskite.

fNrnonucrroN

This paper is the second of a series of reports describing the physical,
chemical, optical, and crystallographic properties, and the distribution
and abundance of the saline minerals found in the nitrate deposits of
Chile. The fi.rst paper (Mrose and Ericksen, 1970) was an outgrowth of
the study of darapskitel it shows that the so-called mineral nitroglauber-
ite is darapskite. In addition to the discussion of darapskite, the nitrate
deposits are briefly described as a background for discussion of mineral-
ogy in this and later papers. The mineralogical studies are part of a
broad geological investigation that is aimed at determining the origin of
these unique deposits. The work is being carried out in cooperation with
the Instituto de fnvestigaciones Geol6gicas of Chile.

Darapskite, Nas(NOr)(SOr).HrO, first described by Djetze (1391)
and named for Luis Darapsky of Santiago, Chile, is a widespread mineral
in the Chilean nitrate deposits. Only four other occurrences of darapskite
are known: 1) in the Chuquicamata copper deposit (Chile) where it
occurs in veins, as much as 6 inches wide (Jarrell, 1939, p. 634-635),
associated with the following minerals: kroehnkite, Na2Cu(SO4)2 . 2HzO;
bloedite, NazMg(SOn)r.4HzO; mirabil ite, NagSO+.10HzO; and epso-

1 Publication authorized by the Director, U. S. Geological Survey
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mite, MgSOa.TH2O; 2) in the nitrate deposits of Death Valley, Cali-
fornia, where it is associated with soda-niter, NaNO3, and niter, KNOs
(Palache et al.,195I, p. 310) ; 3) in saline material from caves in l imestone,
Funeral Mountains (not previously reported; identified by Mrose in
material collected by James McAllister of the U. S. Geological Survey,
1965); and supposedly a) in saline arid soil on the Roberts Massif,
Shackleton Glacier, Antarctica (Claridge and Campbell, 1968). Osann
(1894) reported on the morphology of darapskite from Oficinal Lautaro,
which is between Oficina Flor de Chile and Oficina Alemania (Fig. 1).
De Schulten (1896) described the synthesis of darapskite crystals.
Larsen (1921,p.66) determined the optical properties of darapskite from
Santa Catalina, about 15 miles northeast of Oficina FIor de Chile.
Sabelli (1967) recently determined the crystal structure of darapskite
from a synthetic crystal.

Fnlrurus ol rrrn Nrrnerr Dnposns

The nitrate deposits are in the Atacama Desert of northern Chile; they extend from
about lat. 19o30'S. to 260 S., a distance of neariy 700 kilometers (Fig. 1). Most are in a
band less than 50 kilometers wide, between long. 69o30' W. and 70o W. The region is

characterized by the broad Central Valley bordered on the west by the relatively low

Coastal Range, where few peaks are more than 2000 meters in altitude, and on the east by

the Andes Mountains, where peaks extend to altitudes of 6000 meters or more. The most

extensive nitrate deposits are along the broad, debris-covered slopes on the east side of the

Coastal Range, but deposits also are found in ciosed basins within the Coastal Range and

on gentle slopes and in broad valleys along the lower Andean front.
The nitrate deposits consist of caliche, generally not more than 2-3 meters in maximum

thickness, in which diverse saline minerals (Table 1) occur as cement and impregnation in
regolith and bedrock, and as associated high-purity veins. Cemented regolith is by far the

most abundant typeof nitrate ore and has been the sourceof most of the nitrate produced

in Chile. It is relatively dense and surprisingly hard and tough. High-purity-nitrate-bearing
veins in bedrock and in saline-cemented regolith are found throughout the nitrate region,

and they were an important source of the sodium nitrate produced during the 19th cen-
tury. The veins are excellent sources oI mineralogical specimens and are still readily ac-
cessible in the many localities where they were mined underground.

The chemical composition and the mineralogy of the nitrate ore of Chile (Tables 1 and
2) are unique and indicate an unusual environment of Iormation. The unique suite of
minerals results chiefly from the relatively high concentration of nitrate and iodate ions,
which are sparse or absent in other saline deposits.'Ihe presence of these ions, together
with chromate, CrOrF, dicromate, Crqo?z-, and perchlorate, ClOr-, ions indicate an eviron-
ment of extremely high oxidation potential. The sources of these ions are not yet known.

Some may have been supplied by normal weathering processes and atmospheric fallout,
but others may have formed at the sites of the deposits themselves. Extreme aridity and
paucity of microorganisms in the soil were probably important factors in the accumulation
and preservation of the nitrate deposits.

Several minerals, in addition to those listed in Table 1, have been reported in the liter-

1 Oficina, as used in the nitrate fie1ds, refers to the site of the plant for treating nitrate

ore.
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Frc. 1. Index map of northern Chile, showing location of nitrate fields.

ature but were not found in the material that we studied. Of these, only tarapacaite has
been identified as a component of tle nitrate ore (Brendler, 1923); t}le others either were
misidentified or were reported on the basis of reconstituted chemical analyses. Our studies
have revealed the presence of very small amounts of still otJrer minerals, eittrer minerals
that heretofore have not been recognized as mineral species, or minerals for which pub-
lished X-ray data are incorrect.

OccunnnNcp oF DARApsKTTE rN THE NrrRArE DEposrrs

Darapskite occurs in the nitrate ore as discrete crystals in cavities, as
platy masses in veins, and as granular material admixed with other
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Halite

Soda-niter
Niter
Darapskite

Thenardite
Anhydrite
Gypsum
Bassanite
Glauberite
Kieserite
Epsomite

NaCl
NaNOa
KNOs
Nas(NOr)(SO) 'HrO
Na2SO4
CaSOr
CaSOr'2HzO
2CaSOr.HrO
NazCa(SOr)z
MgSOr.HzO
MgSOr.THzO

Bloedite
Humberstonite

Ulexite
Probertite
Hydroboracile

Ginorite
Kaliborite
Lautarite
Dietzeite
Lopezite

NazMg(SOr)z'4HzO
K3Na7Mg2(So{)s(Nor) r. 6Hzo

NaCaBsOe'8H:O
NaCaBsOg'5HrO
CaMgB6Oq1.6H2O
CazBuOzr 'SHrO
HKMgzBrzOro(OH)m 4H:O

Ca(IOs):
caz(Ioa):(croD
Kz(CrzOr)

Tenrs 2 CnrMrc.cr, Couposrtron ol WATER-SoLUBLE CoMPoNENTS rN NTTRATE ORES

oI NoRTHERN Cnrr-e (CouposrrroN lN Wnrcnr Prncrxr')

NOt
c1-
sol-
clol-
IOa-
BrOl-
Na+b

K+
Mgz+
L a " '

HzO

6 .  3 5
3 . 8 7
6 6 0

.035

.061

. 3 6
6 . 2

. J O

. 1 5
r - l.)

t . 7 4

6 . 6 6
7 .07

12 43
.027
.068
. 6 1

8 . 9
. o r
. 7 3

2 . 2 7
1 .08

t7  .67
1 1 . 1 1
3 . 4 7

. J /

.004

.07
1 3 . 8

. 9 5

2 . 4 r
20.  10
8 .84
1 . 0
.03

14.6
1 .44

a 1

1 . 5 0
2 . 7 6

8 . 7 7
4 . 7 3
2 . 6 9

. 4

.04
2

6 . 4
. 2 8

1 . 0 0
4 . 8 7

1 Average grade of 5.97 million tons of nitrate ore treated at Oficina Pe&o de Valdivia

during l2-month period, July 1, 1935-June 30, 1936. Furnished by Anglo-Lautaro

Nitrate Corp.
2 Average grade of 6.27 million tons of nitrate ore treated at Oficina Maria Elena, July

1, 1951-June 30, 1952. Furnished by Angio-Lautaro Nitrate Corp.

3 5 Channel samples of selected parts of nitrate ore layer from two localities at Oficina

Humberstone. Analyses by Empresa Salitrera Victoria of samples collected by In-

stituto de Investigaciones Geol6gicas of Chile.
* Recalculated in part by present authors from original analyses to facilitate comparison

o{ anaiyses from difierent sources. Ions shown are the principal chemical components of

nitrate ore, except for boron which exists largely as ulexite, NaCaBrOg'SHzO.
b Not determined in conventional analyses by nitrate companies oI northern Cbile

Calculated by present authors on basis of equivalent weights of reported components.

Estimated to be within 1 percent of correct value.
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saline minerals in veins, pods, and cementing material. Delicate tabular
crystals, like those shown for synthetic darapskite rn Figure 2, areby far
the most abundant and widespread; prismatic crystals, as shown in
Figure 3, were found at only a few localities. Veins of platy darapskite,
found at a few localities only, consist of imperfect tabular crystals as
much as 10 cm long and ] cm thick, oriented perpendicular to the walls
of the vein. Granular darapskite is found associated with halite and
soda-niter in veins, in encrustations in cavities, and in small pods or
blebs as well as in finely disseminated saline cement.

Fig.2. Cluster of thin tabular synthetic crystals of darapskite. Magnification 10N.

X-ray powder diffraction studies were indispensable to the identif.ca-
tion of darapskite in the typical nitrate ore in which it is thoroughly
admixed with other fine-grained white salts. These studies were facili-
tated by the extremely high sensitivity of the strongest l ine, d:10.30
+1 A (Table 6). By means of an X-ray diffractometry study of known
mixtures of soda-niter and darapskite it was determined that this line
appeared in patterns taken of material containing as little as $ percent
darapskite.

Pgvsrcal aNl Oprrc,c.L PRopERTTES

The darapskite crystals utilized in this study came from three locali-
ties: near Oficina Victoria and near Oficina Alemania, both shown on
Figure 1, and near Ofi.cina Santa Lucia, which is not shown in Figure 1
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Frc. 3. Cluster of prismatic crystals of darapskite from nitrate fields at
Oficina Alemania. Magnification 30X.

but which is about 25 kilometers southwest of Oficina Alemania. Tabular
crystals from Oficina Santa Lucia occur as clusters of delicate, nearly
square plates and long thin plates in cavities, appearing almost identical
to the cluster of synthetic crystals shown in Figure 2. The nearly-square
plates average about a millimeter long, f; mm wide, and$ mm thick;the
long thin plates average 2 mm long, t-f mm wide and less than ft, mm
thick. Similar crystals are found throughout the nitrate fields. Also
common are larger individual thin darapskite plates in cavities; these
plates are as much as 10 mm long, 8 mm wide, and $-| mm thick. The
Iargest single darapskite crystals, found at Oficina Victoria, are imper-
fect thick tabular crystals, l-2 cm long and 3-4 mm thick. Prismatic
crystals from Oficina Alemania (Fig. 3) average 1$ mm long, I mm
wide, and I mm thick. Long narrow tabular crystals are associated with
the prismatic crystals, in part growing on them as shown in Figure 3.

The physical and optical properties of darapskite are tabulated in
Table 3. The mineral is colorless and has a vitreous luster. Two direc-
tions of cleavage, { tOO } and {OtO }, were noted in the Chilean darapskite
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Tanlr 3 Pnvsrcel ewo Oprc.q.l Pnopnnrrps ol D,lnepsxrrn, Na:(NOa)(SOr).HzO

Present Study Larsen (1921)

Oficina Alemania, Chile& Synthetic Equivalent Santa Catalina, Chile

Color

Hardness

Specific gravity
Optic sign

Long prismatic c; also,
thin tabular (100),
elong r

Colorless, transparent to
translucent

-21
{ too}  per f ,  {o to l  good
2 201tO O05, at 22"C

Biaxial negative (-)

Square tabular (100), pseudo-
tetragonal; also, tabular
(100), elong D

Colorless and transparent

-2t
{ too}  per f . ,  {o to l  verygood

Biaxial negative ( -)

Colorless and trans-
parent

{ tool ana {oto} perf

Biaxial negative ( -)

Indices of refraction

a

1..r90+ 0.0051
1.4s0;o .oor fa t  22 'C
1 . 4 8 6 +  0 . 0 0 3 J

I  3 9 1 1  0 . 0 0 5
1  4 8 1 1 0  0 0 3
I .186+0 003

Orientation
X
v
z

b

+ 1 3 0 ( 1 1 0 )  t o .

small
29042'

/ >!, strong
Polysynthetic twinning;

l t  l10o l

1  . 4 5 1
1 449

b

+130( t  10)  to  ,

b

L2o to c

2Il (meas )
2V (calc-)
Dispersion
Twinning

Mean meas. z
Mean calc. n

small

2?"36 '
/ >0, strong

Polysynthetic twinning;

i l I 1001

1 . 4 5 2
1.449

270 ! l"
260

/ >!, rather strong
Polysynthetic twin-

ning; composition
plane I 1001

1 .453b
r .44gb

a Darapskite specimens from nitrate fields near the processing plant, the Oficina.
b Calculated by present autbors.

as well as in its synthetic equivalent. Darapskite is britt le and has un-
even fracture. It does not fluoresce in either long- or short-wave ultra-
violet radiation. The specific gravity of darapskite from Oficina Victoria
was determined (at 22"C) on the Berman microbalance with toluene as
the immersion liquid; the average of four determinations on samples
weighing from 20 to 22 mgis 2.201+0.005. This value is in good agree-
ment with the value 2.197 determined (at 15oC) for synthetic crystals
by de Schul ten (1896).

The indices of refraction for darapskite from Oficinas Alemania and
Santa Lucia (Table 3), and for the synthetic equivalent are in close
agreement with those previously reported by Larsen (1921, p. 66) for
crystals from Santa Catalina, Chile, and by Jarrell (1939) for crystals
from Chuquicamata, Chile. Optical determinations were made with
white l ight, and the immersion l iquids were checked on the Abbe re-
fractometer at the time the measurements were made. The liquid
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(n:1.390) used for the determination of the a index, a mixture of min-
eral oil and dimethylformamide, was prepared by Edward G. Williams
of the U. S. Geological Survey.

Twinning is common in darapskite, with the twin plane parallel to

{tOO}; re-entrant angles were noted on the edges of many darapskite
crystals. Polysynthetic twinning was observed optically in sections
cleaved normal to the b-axis; this type of twinning in darapskite was re-
ported by Larsen (1921, p. 66) for crystals from Santa Catalina, Chile.
Sabell i (1967, p. 874) reported that synthetic "crystals of darapskite
show reticular pseudo-merohedral twinning, the twin axis being [001],
with an obliquity of 1"26' and an index of 2."

Cnvsr.q.uocRAPHY

Single-crystal X-roy data. Precession photographs were obtained for a
Iong prismatic crystal of darapskite from Oficina Alemania and also
for a thin tabular synthetic crystal, using both zirconium-fiItered molyb-
denum radiation (},MoKa:0.7L069 Al and nickel-fi l tered copper
radiation (Xcufo:1.5418 A;. fne diffraction data show monoclinic
symmetry that is compatible with space groups P2t and P2r/m. The
morphology of the crystals supports P2r/m as the space group for darap-
skite; the recent crystal-structure determination by Sabell i (1967) con-
firms P21f m as the correct space group.

Preliminary cell parameters were obtained from measurements of
h0l, hk0, and }hl precession photographs of both crystals. These were
used together with the observed powder dif iraction data for both types
of crystals to obtain the refined cell data that are compared in Table 4
with those recently reported by Sabelli (1967). The specific gravity calcu-
lated from the cell data for darapskite from Oficina Alemania and for
synthetic darapskite are in excellent agreement with measured values
(Table 4).

Morphology. Crystals of darapskite used in the morphological study are
from cavities in specimens of nitrate ore from Oficina Alemania and
Oficina Santa Lucia. A specimen from Oficina Alemania contained two
types of darapskite crystals, as shown in Figure 3: 1) thick translucent
prismatic crystals and 2) very thin transparent tabular crystals that are
long and narrow; both types of crystals are elongated c and flattened on
(100). Crystals from Oficina Santa Lucia are mainly thick, square to
slightly rectangular tablets, but long narrow tablets also are presentl
both types are flattened on (100). The long narrow tabular crystals
from this locality are elongated in the D-direction, in contrast to similar
crystals from Oficina Alemania which are elongated in the c-direction.
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Tanr.n 4. Cnysrar,r,ooreprtc Dere lon Danepsrrrr, Naa(NOs) (SOn) . HrO,

Sabelli (1967)

Space Group
d (A)
b (A)
6 (A)

B
a : b : c

Cell Volume (AB)

z
Specific Gravity

p calc.
p meas.

Darapskite from
near Oficina

Alemania, Chile

P21/m
10.564+ 0.002
6. 913 + 0. 001

5 . 1890 + 0. 0009
102"47 .8',+0.8',
1 .5281 :1 :0 .7506

369. 5
z

2.202
. 201 * 0. 005,at

Synthetic
Equivalent

Synthetic
trquivalent

PZr/m
10.564 +  0 .001
6 . 9 1 1 +  0 . 0 0 3
5.194+0.002

102 .78" +O.02"
1  .  5286:  1 :0 .  7516

[369.8]b
z

2 .16 12.20rlb

ph/m
10.571 + 0.003
6.9t7 +O.002

5 . 1891 + 0. 0010
102'46.6'. + | .\',
1  .  5283:  l :0  .7 502

370 .0
a

2. t99
2.!97, at lS"C'

'Unit-celi constants refined using powder diffraction data of Table 6, and the computer
prograrn of Evans et aJ. (1963).

b Calculated by the present authors from data of Sabelli (1967).
o From de Schulten (1896), on synthetic crystals.

Crystals of synthetic darapskite, Iike those of darapskite from Oficina
Santa Lucia, are square tabular, but extremely thin. Darapskite crystals
from Oficina Alemania are attached to the walls of the cavities at one
end of the c-axis; those from Oficina Santa Lucia, at one end of the D-
axis. The synthetic crystals form rosette-like aggregates of tabular crys-
tals that are oriented so that they are joined together at one end of the
D-axis.

Many naturally occurring and synthetic crystals.were measured on
the reflecting goniometer. On every crystal o { 100 | is the dominant
form. The same forms, measured and identified on the darapskite crys-
tals from the two Chilean localities, also were found on crystals syn-
thesized in this study; these are listed and compared in Table 5 with
those described by Osann (1894) and by de Schulten (1896). Only a few
of the many synthetic crystals examined had the form q {Ott } . None of
the general forms hkl reported by Osann (1894) was found on any of the
crystals that we examined.

X-ray powder d.ifraction data. Ls far as we know, X-ray powder diffrac-
tion data for neither darapskite nor its synthetic equivalent have ever
been published. Powder data for darapskite from Oficina Alemania and
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synthetic darapskite are listed in Table 6. Patterns of darapskite from

oficina Santa Lucia and oficina victoria also were made for purposes of

identification and comparison. In addition, a pattern was made of frag-

ments of darapskite from Santa Catalina, Chile (Col' W. Roebling's

specimen), the remainder of the original material used by Larsen (1921,

p. 66) for optical determinations.
X-ray powder patterns of darapskite wL're taken with several different

types of spindle-mounts (baII mount, segmented spindle, and glass

capillary filled with a darapskite-glass mixture) to check for preferred

orientation due to the perfect (100) cleavage. No preferred orientation

effects were detected, despite the different types of mounts used.

CnBltrcar- Pnopl:nrrB s

Composition The chemical composition of darapskite (Dietze, 1891, p'

445) from Oficina Lautaro agrees well with the calculated composition

of darapskite:

NarO
NzOs
SOs
HzO

Total

Darapskite

Calculated Composition

Naa(NOe)(SOr).HzO
(Weight Percent)

37 .94
22.04
32 .67

100.00

Darapskite

Oficina Lautaro

Dietze (1891)

(Weight Percent)

38.27
22 .26
32 .88
7  .30

100 .71

Solubitity. Darapskite is readily soluble in water but only slightly soluble

in acetone and alcohol. In alcohol, clear crystals first turn white due to

desiccation, and then NaNOr is dissolved slowly, leaving a residue of

NazSOE. Crystals remain clear in acetone but are leached slowly, NaNOs

going into solution and NazSOr remaining as a residue.

synthesis. crystals of darapskite were grox-n in the laboratory to provide material for

comparison with darapskite from Chilean localities. 
'fhe procedure followed for synthesiz-

ing darapskite was similar to that outlined in detail by de schulten (1896). Anhydrous

sodium sulfate (22.oM g) was dissolved in 128 cc of boiling water, and to this solution 80

g of sodium nitrate gradually was added, while the solution was constantly stirred. This

solution then was filtered, and allowed to cool to room temperature (22oC) in an open

vessel. The darapskite crystallized as the solution cooled, forming aggregates of delicate

platy crystals like those shown in Figure 2. The crystals were removed and dried between

filter paper. About 7 g of darapskite were obtained in this manner.

De Schulten (1896, p. 163-164) showed that Marignac (1857) synthesized darapskite

long before the mineral was discovered and described by Dietze (1891). Bi' evaporating a

solution of sodium sulfate and sodium nitrate Marignac obtained tabular crystals to which,

on the basis of chemical analysis, he assigned the formula 2NaNOr'2NasSOr'3HzO.
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Tenr,n 5. Forus Olsnnvnn oN Dan.q.psrrln Cnvsr,rr,s

Osann I de Schulten
Present Study

(2)
(1896)
(s)

c 001
,  010
o 100
m 710
q  0 1 1
r IOI
e 302
n l0l
d 20r
o  1 1 1
s  1 1 1
'o l2l

X
X
X
X
X
X
X
X
X
X
X
X

X
X
x
X

X
X

(1) Oficina Santa Lucia, Chile.
(2) Oficina Alemania, Chile.
(3) Synthetic equivalent.
(4) Oficina Lautaro, Chile.
t.5) Synthetic equivalent.

Except for the slight excess of HzO, probably due to analytical error, this formula
(:2[Naa(NO:) (SOt . 1+HrO] is the same as that of darapskite.

T her mo gr aaim.etr'ic char acteristics. The thermogravimetric curves shown
in Figure 4 were made and interpreted by Frederick Simon of the U. S.
Geological Survey. The darapskite curve was made of material from
Oficina Victoria. The other curves are for the reagent-grade chemicals,
NaNOa and NazSO+. Runs were made on 50 mg samples with a thermo-
gravimetric balance which automatically records the weight of the
sample as the temperature rises to a maximum of 1000oC. The curve for
darapskite shows a loss of water between the temperatures of 85oC and
l25oC, amounting to a 7.3 percent weight loss, which is approximately
the water content of this mineral. No loss in weight takes place between
125oC and 3000C, but between 3000C and about 600oC there is a gradual
Ioss of weight, amounting to about 2 percent. This loss probably results
from incipient decomposition of NaNOa. A major weight loss between
600" and 8000C (about 15 percent) represents complete decomposition
of the NaNO3, during which NOz is given off; a residue consisting of
NazO and NazSOr remains. Additional weight loss to 1000oC results
from loss of NazO as a sublimate.

Several X-ray powder diffraction patterns were made of darapskite

X
X
X
X

X
X
X
X

X
X
X
X
X
X

X
X

X
X
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d (A) d (A) rd

Oficina Alemania, Chile
Synttretic

Equivalent

Calculated& Measuredb Measuredc

Oficina Alemania, Chile
Syntlretic

Equivalent

Measuredl' Measuredc

d (A) rd d (A) Id

100
1 1 0
200
001
101
101
210
201
0 1 1
1 1 1
1 1 1
211
o20
300
120
201
301
3 i 0
2 l r
3 1 1
220
02l
12l
p r

102
301
400
40r
o02
202
320
112
3 1 1
410
411
o1,2
221
212
2 1 1

102
302
130
112
312
401
230
031
202
1 3 1

2 . O 4 3

2 . O 1 3

1  . 9 6 1 3
1 . 9 3 8 0

| 9120

t0 302 to.29 100
5 7 4 0  5 7 4  2
5  l J  1

5 . 0 6 0  5 . 0 6  3
5 . 0 0 1
4 . 1 9 0
4 1 3 0  4 1 3  2 5
4 091
4 083
4 0 5 2  4 0 5  2
3 .583 3  585 13
3 521 3 .522 25
3 456 3  456 35
3 434
3  2 7 7
3.266 3  266 18
3 . 1 8 8  3  1 8 8  1 8
3 . 0 7 5  3 . 0 7 7  2
2 . 9 5 3  2 . 9 5 3  7
2 895
r rrn)
I  c q d (  2  R 6 (  t q

2 844
2 6 6 6  2 6 6 6  I
2 . 6 4 0
2.594 2  594 30
2 .  5 8 8

2  5 3 3  2 . 5 3 4  7
2 . 5 3 0
2 501 2 .502 1
2 .436 2  436 13
2 . 4 2 8
2 423 2 .423 2
2 413
2 3 7 9  2 3 7 8  3
2  s 7 6
2 374
2 352
2 344
2 3 4 0  2 3 4 2  4
2  294 2 .292 1
2 .249 2  250 6
2 . 2 1 6  2 . 2 1 3  1
2 . 1 7 7  2 . 1 7 6  4
2 . 1 1 4
2 .1o3
2 097 2.096 2
2 095
2.O93

10 32 100
5  7 4  2

5 0 5  2

4 1 3  2 l

4 0 6  2
3 . 5 8 5  1 1
3 . 5 2 5  1 8
3 459 35

3 . 2 7 1  1 8
3 . 1 9 0  1 1
3 0 7 9  3
2 9 5 5  4

2 87,e 30
2 856e 30

2.667 7

2 . 5 9 4  3 0

2 . 5 3 4  7

2 4 3 8  9

2 4 2 t  2

2 s 7 8  2

2 040

2 Ot l

1  .988.5  1

| 9625 1
1 . 9 3 7 2  1 1

1 . 9 1 0 6  I  1

1 8671 2

1 . 8 0 5 2  2

|  7 7 3 7  1 3
1 . 7 4 8 0  3
1 . 7 2 8 8  9
1 7046 3
1 . 6 7 3 t  1
r 6293 2D
1.6067 3

1 5804 2
1 .5400 lD
1 . 5 1 7 2  1
1 . 5 0 3 0  2
1-4713 3
1 .4490 3
1 . 4 3 8 6  4
1 4256 1
1 3932 1
1 . 3 7 8 9  1
1 . 3 5 1 7  2
1 . 3 3 6 5  2
1 . 3 1 3 3  2
| 2943 4

Plus 20 ardi-
tional lines
wi th  I  (3 .

2
I

1 . 7 7 3 7  1 1 8
| 7481 2
I 7284 9
1 . 7 0 5 3  2
1 . 6 7 3 2  2
1 6294 2D
| 6067 2
1  5954 2
1 5804 1
1 .5400 1
1 . 5 t 7 2  |
1 5024 4
'1, 4720 3
1 .4497 2
1 .4389 3
1 .4256 1D

r22
501
321
420
500
402
421
022
222

1.31
2 3 1
212
5 1 1
5 1 0
4 1 2
122
330
322
231
3 J 1
302
502
421
501

2 076
2 . 0 7 5
2 071
2 065
2.060
2.046
2 043
2 042
2 026
2 021
2 0 !9
2 008
2 005
1 9879
|  974s
1  . 9 6 1 5
1 9377
I  9134
I  9114
| 8829
1 . 8 6 7 6
1 . 8 5 0 6
1 . 8 0 5 4
I 8033
|  7758

2 070

l  3789
1  3 5 1 7
1 .3359
1.3128
1.2948

a Calculated from these unit-cell parameters: a:10 564 A, b -6 913 A, c:5 1s90 A, P:102047 8', with space
group P2 r i lr. All possible calculated spacings are gi ven to d > 1 ; 700 A

b Camern diameter, 11,1 59 mm Mn-fi ltered ! 'e radiation (.rFeKa:1.9373 A1 Wilson-typepattern Film

shrinlagenegligible Lowerlimitmeasurablefor2d: approximately6 0o (18 5 A).
c Camera diameter, 114.59 mm Mn-frltered Fe radiation (IFeKa:1 9373 A). Ioternal standard, CaFr.

Wilson-typepattern Filnshrinkagenegligible.Lowerlimitmeasurablefor2d:approximately60'(1854).
d Intensities estimated visually by direct comparison with a calibrated intensity lilm stdp of successive step-

line exposures related to each other by atactot ol t/2.B :broad: D :diffuse
e Measurements obtained from a film taken in V-dltered Cr ra<liation ACrKa :2 2909 A)
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Frc. 4. Thermogravimetric curve for darapskite compared with curves for NaNOa,
Na2SO4, and an equimolar mixture of NaNOr and NazSOr.

that had been heated to 1100-125oC to drive off the water. These pat-
terns showed the residue to consist of hexagonal NaNO3, corresponding
to soda-niter, and hexagonal Na2SOa, corresponding to meta-thenardite,
the high-temperature form of thenardite referred to as Type I (Bird,
19s8).

InJrared, characteristics. fnfrared spectra of darapskite (Fig. 5) from the
nitrate fields at Oficina Victoria were made under the direction of Irving
A. Berger of the U. S. Geological Survey, who also aided in their in-
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Fro. 5. Infrared spectra of darapskite: solid curve is spectrum at room
temperature (abofi22oC); dashed curve is spectrum at 110oC.

terpretation (Table 7). The instrurnent used was a Perkin-Elmer model
21 spectrophotometer with NaCl optics. 'Ihe spectrum shown by the
solid curve (Fig. 5) was made of a pellet consisting of 1 mg of darapskite
in 300 mg of KBr maintained at room temperature and analyzed against
a reference 300 mg pellet of KBr, also at room temperature. The spec-
trum shown by the dashed curve is of the same pellet (after slowly being
heated to 110oC to drive off the water) analyzed at 110oC against a
reference 300 mg KBr pellet maintained at 110oC. Therefore, the first
curve is of the mineral darapskite, whereas the second curve is of a mix-
ture of anhydrous NaNOa and NazSO+.

Table 7 shows the absorptions corresponding to the fundamental
modes of vibration (vy v2) thaL are active for NOa- and SOI- in darap-
skite and related compounds. According to Adler (1965), the vibrational
modes f or "lattice water" are near 3 pm (2" : zr and za) and 6 p,m (v6: v).
As can be seen in Table 7, the absorptions corresponding to both NO3
and SO+2 peaks in the curve of the heated "darapskite" are similar to
those for natural darapskite. However, the infrared spectrum of the
unheated darapskite shows a weak absorption at 13.64 pm (not shown
in Table 7 and Fig.5), which may correspond to the z+ absorption of
NO3- reported by Weir and Lippincott (1961). This spectrum also
shows a second z2 absorption at 12.04 pm. The spectrum of heated

I J  I J
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T,lsro 7, Alsonlrron WavnmNcurs ron INln.q,nro Spncrne Snows rN Frcurs 5

Couplrcn Wrrn SpEcrne or NaNOs aNo TnrN,lnortn

Samples

NOr-HrO

Darapskite
(spectrum

at 22oc)b

Darapskite
(spectrum
at 110"C)"

2  .92"  6 .  10

(3430) (1640)

12.04 11 93 7 27

(830) (838) (1.377) (ees)

r1  . 92  7  . 28
(838) (137s)

10.05  9 .00  8  70

(1 1so)

1 0 . 1 0  9 . 0 6  8 . 4 6
(eeO) (1103) (1182)

NaNOad 1 1 . 9 8  7  3 0
(83s) (1370)

Thenardite" 10.09
(ee1)

" Wavelength in pml number within parenthesis is wavenumber in cm-1.
b Pellet of 1 mg of darapskite in 300 mg oi KBr.

" Same pellet as was used for the darapskite spectrum at22"C.
d Reagent grade NaNO3.

" Spectrum of Adler and Kerr (1965, p. 144).

"darapskite" shows neither of these peaks; it does, however, show an

absorption at 8.46 /rm (corresponding to SOr), which is not present in

the spectrum of thenardite.

PnasB RBr.erroNs

Because of their importance in the extraction of sodium nitrate from

the Chilean nitrate ores, the phase relations of darapskite and other

saline components of the ores have been studied extensively. The basic

process of the nitrate plant is one of selective leaching of crushed nitrate

ore with a heated brine that is then cooled to crystallize sodium nitrate.

The brine is recycled in the process, and solubility data are essential for

controlling its composition to assure the most efficient extraction of

nitrate from the ore and to crystallize a pure sodium nitrate product. Of

particular importance is control to inhibit crystallization of darapskite as

a contaminant in the final product, a very serious problem with some of

the high sulfate ores.
Foote (1925) reported that darapskite was stable over the widest range

of concentrations in the system NaNoa-Nazso4-H2o at 24'5"c and

that above and below this temperature the range diminishes. The lowest
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No3(Nq)(S04) H20

( Dorqpskito)

No2SO4 lO HzO
( M i r o b i l i i c )

NgCI  No2SOa

Frc. 6. Jiinecke diagram of the system NaNOr-NaCl NazSOa-HrO, at2S"C.
Plotted in weight percent from solubility data of Chretien (1926b, p. 406).

temperature at which darapskite formed in this system was found to be
13.soc, and the highest temperature, obtained by extrapolation of the
solubility data, was estimated to be near S0oC. Chretien (1926a, p. 5a )
concluded from his study of this system that darapskite formed in the
temperature range 13o-74oC. Another studt by Chretien (1926b) showed
that in the system NaNOs-NaCl-NazSOa-HzO, darapskite forms at
temperatures ranging from 7.2oC to 71.5oC. The presence of NaCl
apparently causes a lowering of the temperature range of stability of
darapskite.

The phase relations of the principal saline constituents of nitrate ore
(NaNO3, NaCI, and NazSO+) are presented in Figure 6 for the tempera-
ture of 25oC, which probably is within the range of the temperature of
formation of the nitrate deposits. The diagram is a Jdnecke diagram
which does not show the component Hzo and therefore indicates the
ratios of the saline components in an aqueous solution rather than their
concentration. Any point in the diagram represents 100 percent (by
weight) of one or more of the components shown at the corners. As can be
seen in Figure 6, darapskite has a composition that lies outside the field
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in which it precipitates; that is, it shows incongruent solubility, crys-

tallizing from a solution in which the relative amounts of its component

ions (Na-, SO+2-, NOt) differ from those in the mineral'

The phase diagram helps to explain the paucity or absence of thenar-

dite in a typical nitrate ore that contains abundant soda-niter and less

abundant, but widespread, darapskite. The thenardite and soda-niter

fields are separated by the darapskite field; therefore, thenardite and

soda-niter could not co-exist if equilibrium conditions were maintained

during crystallization at this temperature. Chretien (1926b) has shown

that in this system mirabilite and soda-niter can coexist only at tempera-

tures below 13oC, and thenardite and soda-niter only above 68'5oC'
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