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Crystallography:1

MARK C. BANDY

Monoclinic ; prismatic-Z f m
aib i  c :0. 5893 i  |  :0. 3996

po:  Qo: ro :o  .67  81  :0 .3935:  1
12: p2i t12:1 .4747 : l  .7232:l

p st : 0. 6886, qo' :0. 3996; *o, : 0. l7 66

F:100"01'
p: 79"59',

pz:B C A
0000' 90'00, 90"00,

9 0 0 0  7 9 5 9  0 0 0
26 t3 85 35+ 63 47

Forms 6 p ez
b 010 0"00, 90.00,
a 700 90 00 90 00 0o00,
e 270 2613 9000 000

29 s2+ 90 00 0 00 29 52+ 85 02 60 07;-
s4 34+ 90 00 0 00 34 s4+ 84 20 55 2s+
4 0 4 5  9 0 0 0  0 0 0  4 0 4 5  8 3 2 9  4 9 1 5

4s 57+ 90 00 0 00 45 s7+ 82 4s 44 02+
s4 02+ 90 00 0 00 s4 02+ 81 54+ 35 s7+
s9 s2+ 90 00 0 00 59 s2i 8r 21 30 07+

73+9  9000  000  7349  8023  161 r
790s  9000  000  7903  8010  1057
23 50+ 23 36 79 59 68 s1 21 29 80 41

12 27+ 39 18 79 59 51 48 38 12 82 08+
8 2 3  5 0 2 8  7 9 5 9  4 0 1 6  4 9 4 4  8 3 3 3

90 00 40 54 49 06 90 00 30 53 49 06

-90 00 27 04 117 04 90 00 37 05 1r7 04
65 14 43 s9 49 06 7s rr+ 34 45+ s1 11+
67 17+ 64 t3 27 38 69 3s+ 55 03+ 33 s0

n T7r -51 58+ 32 58+ rI7 04 70 2s 41 16+ rri 23
D 12t 47 18 49 4r 49 06 58 52 42 43+ 55 55
u r3l s5 sl 55 56 49 06 47 49 50 30+ 60 58+

w 74r 28 27 61 lt L9 06 39 37 56 4s+ 65 rs+
a I2r -32 ss+ 43 2e+ rr7 04 s+ s3i' 49 27t nr 45+
q Ist -23 05 s2 30 rL7 04 43 08 56 57 108 07+

r 17r -1o 21 70 s7+ rr7 04 2r 52+ 72 42+ ss 45+
y 2rL -75 35 ss 04+ r47 rS 77 48 67 48+ t4S r7+

crystals of botryogen were first described by Haidingerls and have
been frequently studied by later workers. All the earry work suffered
from the poor quality of the crystals availabre. Eakrel, obtained the
first reliable results on the material which he named palacheite but
which proved to be botryogen. rn this study excellent crystals of queten-
ite have been measured both by the author and by Dr. Berman, and
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they have finally established its identity with botryogen. The results of

these studies are contained in the table of forms observed by each, to-

gether with a column showing symbols of each known form in the new

position.

trakle
Borrovoceiv: Ossnnvrn FonMs.

Berman Bandy Palache
New Symbol
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Habit: Prismatic [001]; smaller crystals long prismatic, Iarge crystals

short prismatic; common forms o b m t n; vertical zone striated [001].
In the larger short crystals o is the dominant form, often striated [100].

Twinning: Not observed.
Cleavage:  {010}  per fect ;  {110}  good.
Phvsical Properties: Fracture conchoidal and interrupted, brittle.
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G 2.10,H2.0-  2.5.  Luster  v i t reous.
Optical Properties: Color light to dark orange-red. Transparent to

translucent.

a : 1 . 5 2 3
0 :  1 . 5 3 0
t : 1 . 5 8 2

Composition : MgFe",(SOr)z(OH) . TH:O
Ar.rar,vsrs ny HnNoBnsoN*

(Quetenite)
Fe:Or
Mgo
SOs
HrO

Pickeringite
Botryogen
Parabutlerite
Amarantite
Hohmannite
Copiapite

X:b colorless to pale brown Biaxial positive
cinnamon brown 2Y:42"

Z1\c: ll2" golden yellow r)v strong

Turonnncer Couposrrrorl

19.73
9 . 4 0

38.45
32.00

19.28
9 -64

J d .  J J

? ?  q ?

can be definitely established is,

MgAlz(SOa)r.22HrO
MggFez(Sor)r(oH), . 14Hro
Fe(SOa)(OH) 2H:O
Fe(SOr)(oH)'3HzO
Fez(Sor)z(oH)2.THgo
Fer(SOr)s(OH)g 16HrO

Total  100.18 100.00
x U. S. National Museum. Unpublished.

Difficultly soluble in water with precipitation of iron hydroxide. Soluble
in dilute acids.

Pyrognostics: B.B. brown to black. Exfoliates in flame. Closed tube,
yields copious water.

Occurrence: Botryogen is common at Chuquicamata intimately as-
sociated with hohmannite and amarantite. At Alcaparrosa it occurs near
the surface associated with copiapite in smaller veins. Botryogen is not
associated with the more massive and purer occurrences of iron sulphates.

Botryogen (quetenite) occurs at Quetena in large masses, characteris-
tically in halos of coarse radiating crystals about a center of copiapite.
The crystals radiate outwardly from the copiapite core. Often these
nodules of copiapite-botryogen show rough cracks about the peripheries,
which often contain fibres of pickeringite. Massive veins of pickeringite
cut the botryogen in many cases.

The sequence relationship that

From these data it is apparent that the introduction of magnesia causes
a departure from the sequence of the pure iron sulphates. The botryogen,
while basic, is less basic than the parabutlerite and the pickeringite, the
last formed, is a normal sulphate.
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The relations of the various substances, all believed to be identical

with botryogen, is brought out in the following table of analyses'

Rubrite answers the description of quetenite and, since it was identi-

fied from the analysis of an impure material, there can be little question

but that it belongs here.
The original analysis of quetenite from Quetena (Salvador Mine)5

was made on impure material, evidently a mixture of quetenite and some

iron sulphate. Rubrite was described from the Rio Loa by Darapsky2

and earlier kubeite from the same locality and by the same writer'3

These are both impure mixtures of botryogen and other sulphates'

Analyses of these minerals as well as other analyses of this species are

quoted here for comparison. Quetenite was first recognized as a syno-

nym of botryogen by Larsen and Bermana on the basis of similar optical

properties. In the course of this investigation an analysis of typical

quetenite was made and it was found to be identical with botryogen.

Their crystallographic identity was also established.

ANer.vsns or BornvocnN
t 2 3 4 5 6

6 .65  7 .40  7 .3 r  10 .21  5 .69  6 .18
t8.73 16.69 19.60 20.63 26.50 26.64
37.64 37.00 37 .78 38.10 36.53 32.42
31.04 34.10 31.39 29.47 30.90 31.04
0 .  53  2 .24  0 .38

1 .06  2 .9 r
1 .93 0 .44

4 .82  2 .50
2 . 7  3
0 . 1 1

0  .27  0 .30  0  . 21

Mso
FezOg
SOs
H:O
FeO
CaO
MnO
ZnO
AleOa
PzOu
Insol.

7
3 .59

20. 50
40.95
30.82
4 . 1 2

Total 99.68 t00.72 99.61 98.41 102.53 99.r2 99.98

8 9 1 0 1 1 t 2 1 3 r +
M g O  5 . g Z  9 . 4 0  9 ' 3 5  5 . 6 2  7 . 8  4 ' 5 1  9 ' 9 5

FegOe 22.70  19 .73  19 .51  18 .22  19 .3  8 '70  19 '81

SOr  37 .37  38 .45  33 .37  41  '15  36 '4  33 '94  39 '48

HzO 34.01  32 .00  32 .28  27 .64  33 .7  40 .80  30 '76

C a O  4 . 1 0  0 . 1

Fe(Mn)O 3 ' 10

AlzOs 3'01 abs' 8'59

Insol. 2'7

TotaI 100.00  100.18  99 .51 99.84 100.0 99.64 100.00

1-4. Botryogen, 1. Cleve,6 2. Hockauf, analyst.T 3 Mauzelius, anal'8 4' Ilngemach' anal'e

5-7. Botryogen? 5. Berzelius, ana1.10 6. Ungemach, anal.Lr 7 ' Blaas, anal'D

8. Quetenite. Frenzel, anal.6 9. Quetenite. Ifenderson, U. S. Nat. Museum, unpublished

anal.
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10- Palacheite. Eakle, anal u
11. Rubrite. Darapsky, anal.2
12. Kubeite. Darapsky, anal.a
13. Idrizite. Schrauf, anal.la
14. Quetenite. Anal. of the chile Exploration co., chemical Laboratory. Through the

courtesy of O. W. Jarrell.

RnlnnrNcns. r The elements and angles of this table are derived from the observations
of Berman* on quetenite. They were very close to Eakle's13 observations on botryogen
(palacheite). Eakle's elements give an uns;rmmetrical distribution of the forms and have
been modifed by Palache according to the transformation Eakle+palache I0I/0T0/001.

2 Darapsky, N. fb. Mi,n., vol. l, p. 65, 1890.
3 Darapsky, N. fb. Min., vol. l, p. 163, 1898.
a Larsen and Berman, Bull. &8, I/.S.G..S., 1934.
5 Frenzel, M'in. Mitt., vol. ll, p. 2lT, 1890.
6 Cleve, Upsala Un. Arsskri,Jt, vol.22, 1862.
7 Hockauf, Zei.ts. Krist., vol. 12, p. 251, 1886.
8 Mauzelius, Geol,. Far. Fdrh., voI.17, p. 311, 1g95.
e Ungemach, Bull. Soc. Fr. Mi.n., vol. 52, p.97, 1935.
10 Berzelius, Afh. i.. Fys., vol. 4, p. 302, 1815.
11 Ungemach, Bull,. Soc. Fr. Mi,n., vol,' 2g, p. 271, 1906.
D Blaas, Si, tzber.Wiener Ak., I  Abt.,  vol.8, pp.8Z, 161, 1883.
13 Eakle, Bull.. Univ. Cali.f ., vol. 3, p.231, 1903.
la Schrauf, Jb. iI. geol. R. A. Wien, vol. 41, p. 379, 1891,
6 Haidinger, Pogg., vol. 12, p. 491, 1828.
16 Berman, Unpublished data on botryogen (quetenite).

Alunite

Alunite occurs at Chuquicamata as a supergene vein mineral and in
the oxidized gossans of the larger pyrite veins. rt commonly shows the
characteristic "hopper structure." rn veins associated with antlerite it is
the earlier mineral. rn the oxidized gossans it was only observed altered
to jarosite. The writer was never able to separate the mineral in order to
determine whether it was the potassium oisodium variety of alunite.

Janosrrr Gnour

Jarosite and natrojarosite are relatively common minerals in all of
these deposits. They are late minerars as a rure and serve welr as kev
minerals for the later part of the mineral sequence.

J orosite

KFes(so4)r(oH)6

Jarosite is common at Chuquicamata in fibrous and massive aggre-
gates and in minute tabular crystals. It occurs throughout the deposit
but is most common in massive form in the central part. A micaceous
variety with the external appearance of argento-jarosite was known as
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apatelitel locally. The jarosite at Chuquicamata carries a small but vari-
able percentage of silver as a rule and argento-jarosite may be a rare
mineral of the deposit. All of the jarosite examined in this study was
either the potassium or sodium variety. A rare form of jarosite is a
variety pseudomorphic after either alunite or natroalunite. The jarosite
has replaced the alunite, preserving the "hopper crystal', structure of
the original mineral. The jarosite shows an average index, n:1.816.

Jarosite occurs in minute crystals and crystalline and granular crystals
at Quetena and Alcaparrosa. The mineral has an index ru: 1.818 at both
places. The jarosite at Alcaparrosa commonly shows under the micro-
scope a slight divergence of the optic axes.

Jarosite commonly forms at the end of the iron sulphate period and
before the copper sulphate period. Reversals of this order were recorded
during the study, but the sequence relationships were not always
definite.

Rarer-BNcn. 1 Meillet, Ann. d.es M,ines, vol.3, p. 808, 1841.

N atr oj arosite

NaFe3(SO),(OH)6

The tiny brilliant cinnamon brown crystals of natrojarosite at Chu-
quicamata afiorded an opportunity to study the crystallography, and
especially the twinning of this species. An explanation of the previously
noted anomalous optical behavior is given, and other new data are
here presented.

Crystallography:

Orthorhombic (Pseudorhombohedral)

a : b : c : l  . 7 3 2 : l : 2 . 2 5 2  p o : Q o : r s : 1 . 3 0 0 : 2 . 2 5 2 : l
g : r t i  f u : l  . 7  32 :0  . 769 : l  r z :  p2 :q2 :O  . 444 :0 .577  : l

Forms 6 p:C et n:A ,k
c 001 0"00' 0o00, 90.00, 90.00/
m ll0* 60o00' 90 00 90 00 60 00 0 00
u  l 0 l  9 0 0 0  5 2 2 6  0 0 0  3 7 3 4  3 7 3 4
* Noted only as a twin plane.

Pz:B
90"00'
30 00
90 00

Form

a l0l

Measured
No. of Faces Range

p
29 52"06'-52"57'

Habit: Commonly in cuboid trillings; common Iormsi c, u.
Twins: In tri l l ings; twin plane (110).
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Physical properties: Fracture conchoidal, britt le; H:3. Luster

vitreous.
Optical properties: Color, cinnamon brown. Basal section divided into

three biaxial segments. Biaxial negative, 2V small; B:I.826. X:c;

Y : a .
The first observation that natrojarosite was not uniaxial, and that it

was made up of biaxial segments, was on material from Schlaggenwald.l

Later2 the same optical effects were noted on specimens from Buxton

Mine, North Dakota. The same effect, but less distinct, has been noted

on other members of the jarosite group.3

Frc. 7. Sketch showing optical orientation in the orthorhombic

trillings of natrojarosite.

The optical orientation on the various segments is illustrated in

Fig. 7, where X emerges sensibly normal to each of the (001) faces, the

latler being co-planes in the twin. The plane of the optic axes is parallel,

in each case, to (100). Under these circumstances, the smaller 2V is, the

more difficult it becomes to recognize t]ne segmentation of the twins,

for, if 2V:0, no birefringence would be noted and the twinning could

not be detected. und.er the microscope. The potassium members of the

group have presumably a smaller 2V because the efiect is less marked

than in natrojarosite, and the Chuquicamata natrojarosite exhibits the

twinning best because it is the most sodic of any yet found'a

Chemistry: A basic sodium ferric sulphate, NaFe3(SOa)z(OH)0, with

small amounts of potassium sometimes substituting for the sodium.
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ANar-vsrs sv F. A

Per Cent

5  . 5 1
0 .  1 5

48.08
34.65
11 .83

t00.22

Gexven
Molecular Ratios

. 0 9 1  1 X . 0 9 1NazO
KrO
FezOa

SOs
HzO

Total

.302

.  +JJ

.659

3X .101
4X .108
6X  .110

Occurrence: The mineral was first described,5 but not named, from

the Buxton Mine, Lawrence County, North Dakota. Latero it was found

at Soda Springs Valley, Nevada, and at Cook's Peak, New Mexico, and

was given the name natrojarosite.
At Chuquicamata natrojarosite is associated with chalcanthite,

kroehnkite and sulphur. It is a late mineral, forming after most of the

iron sulphates and before most of the copper sulphates.

RBlnrcNcns. l Slavik, Zeits. Krdst., vol. 39, p.297,1904, stated that the natrojarosite
showed six segments in the basal section, and that the axial plane is (010). These data are

not in agreement with the writer's.
2 Cesaro, Bull, Ak. Roy. Bel'ge, 138, 1905.
3 Larsen and Berman, BulI, 848, U . S. Geol,. Suney, 1934.
aFor other analyses see Hillebrand and Penfield Am. J. Sc., vol. 14, p.2ll, 1902;

also Dana, System, Ap.IIL
6 Headden, Am. l. Sc., vol. 46, p.24, 1893.
6 Hillebrand and Penfield, Am. f . Sc., vol. 14, p.2lI, 1902.

Ungemachite

NaeKaFe(SO4)6. 1OHgO

This mineral, discovered in the course of this investigation, has been

described in detail by Peacock and Bandy in a recent paper.l The
following abstract of properties is taken from that paper.

Crystallography: Hexagonal, rhombohedral-3. a:c: l;2.2966, a:

62"  5 l | '  ;  p  o i  r  o  :  2 .65t9 :  1 , 'y  :  108'15* ' .
Forms: Numerous, the habit dominantly

M(0112), p(1123), and the base c(0001).
rhombohedral with r(101 1),

Structure cell: Rhombohedral: oo: 10.84 t 0.02A,
ao: c0: l:2.290. Contains NaeIGFe(SOa)G. 10HrO.

Cleavage: Perfect, basal.

co:24.82 + 0.03A.

Physical  propert ies:  H:2+.  G:2.287 * .003 (Berman).
Optical properties: Colorless, transparent. Uniaxial negative. @:

1 .502 ,  e :1 .449 .
Chemical composition:
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Ar.rar,vsrs sv F. A.
NazO
KzO
Fezoa
SOg
HzO

NzOa
Insol.

TotaI

Composition as written above is not
natural or artificial salt.

GoNvBn
21.61
I I . J J

7 .69
40.23
16.69
tr.
2 . 0 7

99.64

homologous with any known

Occurrence: Ungemachite occurs in granular vein fillings and lining
small vugs in massive jarosite and metasideronatrite. The mineral is
very scarce in the material collected. The name is in honor of the late
Henri Ungemach, mineralogist of Strasbourg.

RnlnnnNcr. 1 Peacock and Bandy, Am. Minerotr.,vol.23rp.314, 1938.

Clino-Ungemachite

Clino-ungemachitel is a monoclinic mineral closely similar in appear-
ance and occurrence to ungemachite from which it was distinguished
only by goniometric measurements. The divergence of angles from rhom-
bohedral symmetry is slight, and it is presumed that the composition of
this substance is close to that of ungemachite. But as only six minute
crystals were found its nature is still uncertain.

Rrlnnoxcn. I Peacock and Bandy, Am. Minerol., vol.23, p. 314, 1938.

Mot vslarE

Li.ndgrenite

Cus(MoOa)z(OH)z

Lindgrenitel is monoclinic, holohedral. a: b : c : 0.5941 : t : o.5124; 0 :

92"12'. The crystals are green and transparent, tabular parallel to (010),

which is  a per fect  c leavage.  Uni t  ce l l :  ao:8.45,  bo:14.03,  co:7.44;

B:92t" ;  conta in ing Cuu(MoO4)8(OH)r .  H:4+.  G:4.26.  Biax ia l  nega-
t i v e ;  Z : b ;  X : 6 , : * 7 " .  a : I . 9 3 0 ,  9 : 2 . 0 0 2 ,  7 : 2 . 0 2 0 ;  2 Y : 7 t " ;  r t a .
Analysis: CrO 40.62, MoO: 50.97, H2O 3.30, FerOr 1.43, Insol. 3.34;
Sum 99.66; giving the above formula. Soluble in HCI and in HNOa.

This unusual mineral, the first known molybdate of copper was col-
Iected by the writer during his residence at Chuquicamata. It occurs
associated with antlerite and iron oxide in massive qrartz veins on the
western side of the deposit. The mineral is rather common, although fine
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crystallized specimens are rare. It occurs along the edges of the larger
qrartz veins. In this connection it is possibly significant that the molyb-
denum in the smaller "lacing veinlets" of. quarLz occurs along or near
the edges of the veins. Antlerite follows the lindgrenite and replaces it.

RnntnaNcn. l Palache, Am. Mineral., vol. 20, p 484. 1935.
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