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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.

BoTROYOGEN: OBSERVED FORMS.

Eakle Berman Bandy Palache
New Symbol

¢ 001 ¢ ¢ o T0t
b 010 b b b 010
a 100 — — a 100
— — e 270 e 270
— k130 k E 130
— — 7 250 f 250
1 120 l ! ! 120
— —_ k350 k350
t 450 — - ¢t 450
m 110 m m m 110
== _ i 210 i 210
— = F 310 F 310
n 011 n n n 111
o 021 0 0 y 121
== — g 031 g 131
— - x 071 x 171

d 201 d d d 101
p Ti1 P P p 011
s 121 s s s 021
— -— P 131 P 031
— r 211 7 r 111
— — D 221 D 121
u 231 u uw 131

w 2 w w 141

— z 321 4 z 221

Habit: Prismatic [001]; smaller crystals long prismatic, large crystals
short prismatic; common forms o b m I n; vertical zone striated [001].
In the larger short crystals o is the dominant form, often striated [100].

Twinning: Not observed.

Cleavage: {010} perfect; {110} good.

Physical Properties: Fracture conchoidal and interrupted, brittle.
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G 2.10, H 2.0—2.5. Luster vitreous.
Optical Properties: Color light to dark orange-red. Transparent to

translucent.

Q]QQ
I
(e

X=b

ZN\c=+412°

colorless to pale brown
cinnamon brown
golden yellow

Biaxial positive
2V=42°
r>v strong

Composition: MgFe’''(SO,):(OH) - 7H0

ANALYSIS BY HENDERSON* THEORETICAL COMPOSITION

(Quetenite)
Fe,04 19.73 19.28
MgO 9.40 9.64
SO; 38.45 38.55
H0 32.00 32.53
Total 100.18 100.00

* 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 Unpublished.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 can be definitely established is,

Pickeringite MgAly(SO4)s- 22H,0
Botryogen MggFCz(SO.;).;(OH)z 4 14H20
Parabutlerite Fe(SO,)(OH) - 2H,0
Amarantite Fe(SO4)(OH) - 3H,0
Hohmannite Fez(SO4)z(OH)2 3 7H20
Copiapite Fes(SO4)5(0OH), - 16H0

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)?
was made on impure material, evidently a mixture of quetenite and some
iron sulphate. Rubrite was described from the Rio Loa by Darapsky?
and earlier kubeite from the same locality and by the same writer.?
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 Berman* 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.

ANALYSES OF BOTRYOGEN

1 2 3 4 5 6 7t
MgO 6.65 7.40 7.31 10.21 5.69 6.18 3.59
Fe,0; 18.73 16.69 19.60 20.63 26.50 26.64 20.50
SO; 37.64 37.00 37.78 38.10 36.53 32.42 40.95
H,0 31.04 34.10 31.39 29.47 30.90 31.04 30.82
FeO 0.53 2.24 0.38 4.12
CaO 1.06 2.91
MnO 1.93 0.44
Zn0O 4.82 2.50
Al Oy 2.73
P05 0.11
Insol. 0.27 0.30 0.21
Total 99.68 100.72 99.61 98.41 102.53 99.12 99.98
8 9 10 11 12 13 14
MgO 5.92 9.40 9.35 5.62 7.8 4.51 9.95
Fey0s 22.70 19.73 19.51 18.22 19.3 8.70 19.81
SOs 37.37 38.45 38.37 41.15 36.4 33.94 30.48
H,0 34.01 32.00 32.28 27.64 33.7 40.80 30.76
CaO 4.10 0.1
Fe(Mn)O 3.10
Al,Os 3.01 abs. 8.59
Insol. 2.7
Total 100.00 100.18 99.51 99 .84 100.0 99.64 100.00

1—4. Botryogen, 1. Cleve$ 2. Hockauf, analyst.” 3. Mauzelius, anal.? 4. Ungemach, anal.®

5-7. Botryogen? 5. Berzelius, anal.'® 6. Ungemach, anal.!* 7. Blaas, anal.”®

8. Quetenite. Frenzel, anal® 9. Quetenite. Henderson, U. S. Nat. Museum, unpublished
anal.
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10. Palacheite. Eakle, anal 13

11. Rubrite. Darapsky, anal.?

12. Kubeite. Darapsky, anal 3

13. Idrizite. Schrauf, anal.14

14. Quetenite. Anal. of the Chile Exploration Co., Chemical Laboratory. Through the
courtesy of O. W. Jarrell.

REFERENCES. ! The elements and angles of this table are derived from the observations
of Berman® on quetenite. They were very close to Eakle’ss observations on botryogen
(palacheite). Eakle’s elements give an unsymmetrical distribution of the forms and have
been modified by Palache according to the transformation Eakle—Palache 101/010/001.

? Darapsky, N. Jb. Min., vol. 1, p. 65, 1890.

3 Darapsky, N. Jb. Min., vol. 1, p. 163, 1898.

* Larsen and Berman, Bull. 848, U.S.G.S., 1934.

8 Frenzel, Min. Mitt., vol. 11, p. 217, 1890.

¢ Cleve, Upsala Un. Arsskrift, vol. 22, 1862.

" Hockauf, Zeits. Krist., vol. 12, p. 251, 1886.

8 Mauzelius, Geol. For, Firh., vol. 17, p. 311, 1895.

* Ungemach, Bull. Soc. Fr. Min., vol. 57, p. 97, 1935.

19 Berzelius, Afh. 1. Fys., vol. 4, p. 307, 1815.

11 Ungemach, Buil. Soc. Fr. Min., vol. 29, p. 271, 1906.

12 Blaas, Sitsber. Wiener Ak., 1 Abt., vol. 8, pp. 87, 161, 1883.

18 Eakle, Bull. Univ. Calif., vol. 3, p. 231, 1903.

!4 Schrauf, Jb. d. geol. R. A. Wien, vol. 41, p. 379, 1891,

!5 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. It commonly shows the
characteristic “hopper structure.” In veins associated with antlerite it is
the earlier mineral. In 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 or sodium variety of alunite.

JarosiTE GrOUP

Jarosite and natrojarosite are relatively common minerals in all of
these deposits. They are late minerals as a rule and serve well as key
minerals for the later part of the mineral sequence.

Jarosite
KFeg(SO4)2(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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apatelite! 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, »=1.816.

Jarosite occurs in minute crystals and crystalline and granular crystals
at Quetena and Alcaparrosa. The mineral has an index #=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.

REFERENCE. ! Meillet, Ann. des Mines, vol. 3, p. 808, 1841,

Natrojarosite
NaFeg(SO 4)2(OH)6

The tiny brilliant cinnamon brown crystals of natrojarosite at Chu-
quicamata afforded 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:bic=1.732:1:2.252 poiqgoire=1.300:2.252:1
q1:71:p1=1 - 732:0 769:1 Tz:Pz:q2=0.444:0.577: 1
Forms ¢ p=C 1 m=A ¢2 =B
¢ 001 — 0°00’ 0°00’ 90°00/ 90°00’ 90°00"
m 110* 60°00" 90 00 90 00 60 00 000 30 00
» 101 90 00 52 26 0 00 37 34 37 34 90 00
* Noted only as a twin plane.
Measured
Form No. of Faces Range
P
% 101 29 52°06'-52°57"

Habit: Commonly in cuboid trillings; common forms: ¢, .
Twins: In trillings; twin plane (110).
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Physical properties: Fracture conchoidal, brittle; H=3. Luster
vitreous.

Optical properties: Color, cinnamon brown. Basal section divided into
three biaxial segments. Biaxial negative, 2V small; §=1.826. 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.!
Later? 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.?

Tic. 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
latter 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 the segmentation of the twins,
for, if 2V =0, no birefringence would be noted and the twinning could
not be detected under the microscope. The potassium members of the
group have presumably a smaller 2V because the effect is less marked
than in natrojarosite, and the Chuquicamata natrojarosite exhibits the
twinning best because it is the most sodic of any yet found.4

Chemistry: A basic sodium ferric sulphate, NaFe3(S0,)2(OH),, with
small amounts of potassium sometimes substituting for the sodium.
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Anarysts BY E. A. GONYER

Per Cent Molecular Ratios
NaO 5.51 .091 1X.091
K;0 0.15
Fe;0; 48.08 .302 3X.101
SOs 34.65 .433 4X.108
H,O 11.83 .659 6X.110
Total 100.22

Occurrence: The mineral was first described,® but not named, from
the Buxton Mine, Lawrence County, North Dakota. Later® 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,
krochnkite and sulphur. It is a late mineral, forming after most of the
iron sulphates and before most of the copper sulphates.

REFERENCES. ! Slavik, Zeits. Krist., 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. Belge, 138, 1905.

8 Larsen and Berman, Bull, 848, U. S. Geol. Survey, 1934.

4 For other analyses see Hillebrand and Penfield Am. J. Sc., vol. 14, p. 211, 1902;
also Dana, System, Ap. III.

8 Headden, Am. J. Sc., vol. 46, p. 24, 1893.

¢ Hillebrand and Penfield, Am. J. Sc., vol. 14, p. 211, 1902,

Ungemachite
NasKgFe(SO4)e ¥ IOHzO

This mineral, discovered in the course of this investigation, has been
described in detail by Peacock and Bandy in a recent paper.! The
following abstract of properties is taken from that paper.

Crystallography: Hexagonal, rhombohedral—3. a:c=1:2.2966, a=
62°51%; poire=2.6519:1, y=108°15%".

Forms: Numerous, the habit dominantly rhombohedral with r(1011),
M(0112), p(1123), and the base ¢(0001).

Structure cell: Rhombohedral: ao=10.8440.024, ¢,=24.82+ 0.03A.
@:co=1:2.290. Contains NasK3Fe(SOy4)s- 10H20.

Cleavage: Perfect, basal.

Physical properties: H=2%, G=2.2874.003 (Berman).

Optical properties: Colorless, transparent. Uniaxial negative. w=
1.502, e=1.449.

Chemical composition:
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Anarysis BY F. A, GONYER

Na0 21.61
K0 11.35
Fe,04 7.69
SOs 40.23
H:0 16.69
N2Os tr.

Insol. 2.07
Total 99.64

Composition as written above is not homologous with any known
natural or artificial salt.

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.

REFERENCE. ! Peacock and Bandy, Am. Mineral., vol. 23, p. 314, 1938.

Clino-Ungemachile

Clino-ungemachite! 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.

REFERENCE. } Peacock and Bandy, Am. Mineral., vol. 23, p. 314, 1938.

MOLYBDATE

Lindgrenite
CU3(M004)2(0H)2

Lindgrenite! is monoclinic, holohedral. ¢:6:¢=0.5941:1:0.5124; 8=
92°12'. The crystals are green and transparent, tabular parallel to (010),
which is a perfect cleavage. Unit cell: ao=8.435, by=14.03, co=17.04;
B8=921°; containing Cup(Mo0,)s(OH)s. H=4}. G=4.26. Biaxial nega-
tive; Z=b; X:ic=47° «=1.930, 8=2.002, v=2.020; 2V=71°; r>u.
Analysis: CuO 40.62, MoO; 50.97, H,O 3.30, Fe,O; 1.43, Insol. 3.34;
Sum 99.66; giving the above formula. Soluble in HCI and in HNOs.

This unusual mineral, the first known molybdate of copper was col-
lected by the writer during his residence at Chuquicamata. It occurs
associated with antlerite and iron oxide in massive quartz 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
quartz veins. In this connection it is possibly significant that the molyb-
denum in the smaller “lacing veinlets” of quartz occurs along or near
the edges of the veins. Antlerite follows the lindgrenite and replaces it.

REFERENCE. ! Palache, Am. Mineral., vol. 20, p 484, 1935.

INDEX OF MINERAL SPECIES

Page Page
Alunite. ................ ..ol 754 Halite........................... 704
Amarantite. . ... ... ... ... 747  Halotrichite...................... 728
Anhydrite....... ... .. .0 il 712 'Hematite: s .:conem mamvorsssssssg 708
Antlerite: 5. 335 0 4 et 8L0RE . 713 Hohmannmite...................... 746

Antofagastite..................... 705
Arsenopyrite........ ... ..ci.a.. 703 JArOSIe. . oo e 754

Atacamite........................ 706
Azurite........ ...l 710 Kalinite. .+ oo 721
Rl o 3222 525 moet e 5 va 704 Kroehnkite ;5 q: s spamamassasissn 730

Bloedite. ........................ 719
BOTRIte. .. ..vveeeeiien ., 702  Lapparentite..................... 740
BOtryogen. .. ...ovieeeeeann.. 749 Leightonite...................... 719
Brochantite. . .........ooovoono ... 713 Limonite......... 6w <0 ... o 709
Lindgrenite. .. ................... 758

Cerussite........................ 709
Chalcanthite. ... ................ 718 Magnetite...............ciui,. 708
Chalcocite. .........ooviiiin. .. 701  Malachite...........cooii 709
Chalcopyrite. . ................... 702 Melanterite. .. ................... 717
Chenevixite: : . «s ~ammrmzes 52 s vs 50 s 711 Mendozite. ............. ... ..., 722
Chrysocolla. ................... .. 710 Metahohmannite.................. 748
Clino-ungemachite................ 758  Metasideronatrite. .. .............. 733
Copiapite. ........coviviin... 737 Metavoltine...................... 735
COPPer...si 5 it . £l 1 iriianns §50 R N 699 Mirabilite............ovvinin.. 714
Copper Pitch..................... 708 Molybdenite. .. ... ...l 700

Coquimbite. .., ................., 729
gz;ﬂl&:e """"""""""""" ;g; Natrochalcite. ... ... G M . 731
Cuprocopiapites . coowm v b1 5. e, 737 Natrojarosite. . ...........ooououi. 755
Dolomite. . ... .......eveeeen ... 709 0Pl sentaaiaiagnhion s o o
Enatgite. ...oooeo e 703 Parabutlerite..................... 742
EPSOMite. . ..o oveieeii e, 717  Paracoquimbite................... 729
Pickeringite . s uw i 5y, suns . 124
Ferrinatrite. . ................. ... 731 Picromerite................. L 719
Hiturofertifem : « s o era vxas:sime. 748 Pisanite............. 718
Pyrite. ... mos cameae m oo e e, 702

Gold. . sui < vavammeisiss. « 8. 5w, 700



760 MARK C. BANDY

Rhomboclase. .................... 740  Tetrahedrite...................... 703
Roemerite........................ 734 Thenardite....................... 712
Tourmaline. . .................... 710
Soda Niter...................... 712 TurquoiS...........oooveevenne... 711
Sphalerite........................ 701
Sphene. .. ... ccamais i T Ulexite. .. ...ovvvinneen e, 712
Sulphur..............ooo 699 Ungemachite..................... 757
Szomolnokite................... .. 714
Voltaite. . . ...........coooiio.. 749

Tamarugite. . .................... 723





