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ABSTRAcT

Crlptomelane from a vein in the Province of Tarapaca, Chile, contains 6.6 percent

KrO, higher than any cryptomelane previously recorded.

INrnorucrroN

During recent years, several reports on the manganese deposits of

Chile have appeared (Biese, 1956; Ruiz, 1965). In each, there is a descrip-

tion of some deposits of uncommon type near Estacion Coronel Alcerreca,

in the Province of Tarapaca, Department of Arica. In view of the un-

common nature of the deposits, it seemed desirable to examine the con-

tained minerals closely. Through the courtesy of a mutual friend, George

E. Ericksen of the U.S. Geological Survey, one of us (RSO) collected a

suite of specimens of the manganese minerals and associated rocks in the

area, and these have been examined by D. F. Hewett.
A semiquantitative spectrographic analysis of vein material indicated

a potassium content of 7.0 percent, much higher than previously recorded

for cryptomelane; this was confirmed by chemical analysis. The features

of the deposits are described briefly.

GBor-ocrc Fperunns

In the altiplano of the Province of Tarapaca, northern Chile, at an ele-

vation of about 4,000 meters, beds of manganese oxide crop out in a

large area drained by the Lluta River. The area l ies about 90 kilometers

northeast of Arica, near Estacion Coronel Alcerreca on the Arica-La

Paz Railway. Within the area, in the sediments of the Huaylas Forma-

tion, which is probably Pleistocene in age, the following three members

have been recognized (Ruiz,  1965):

(lppermost member: I'hickness about' 60 n elers. This member is composed

largely of ignimbrites, rhyolitic tuffs, and tuffites with intercalated thin

layers of conglomerate and sandstone, and contains beds of nearly pure

manganese oxides that range in thickness from 1 to 5 meters and seem to

extend along the strike as much as 4 kilometers. Other beds of sandstone

are impregnated with manganese oxides. Samples 280 and 281 (Table 1)

were cnllected from one of the beds of nearll. pure manganese oxides.
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Ter:rn 1. Srurquaurrr,ltrvn Spec:rnocnapnrc ANar,vsrs MANGANESE Oxrnrs r.nou
VrtN er.ro Bno Ar,crnnnca, Pnovrrcn or T.Lnaeaca, Cutr,r"

Alcerreca 3 Vein Alcerreca 4 Bed Alcerreca 5 Bed
Field No

281280279

Si
AI
Ire

Mg
Ca
Na

Na (chemical)

K
K (chemical)
1 l

lvl n

Ag
AS
B
B a
Be
L O

( . r
C u
l{o
Ni
Sr
TI
V
Y
Yb
Zn
Zn (Chemical)

0 . 7
0 . 3
0 .  1 5
0 .07
t, .)

u. .)
0
l . v

0
0  . 0 1
M
0
0 . 1
0
5 . 0
0.0003
0 . 0 7
0.0001 5
0 . 0 5
0 . 0 3
0.007
0 . 5
0 . 0 3
0 . 1
0 003
0.0005
0 . 0 2
0

0 . 5
0 . 3
0 .05
0  .015
0 . 2
o . 2
o.067
7 . o
5 . 4
0.003
M
0
1 . . )

0
0.003
0 0007
0.005
0 001.5
0 .00.5
0 . 0 7
0 0015
0 .07
0 . 0 1
0 .  1 5
0
0.0003
0 . 5
0 . 5 8

M
0 . 2
0 . 0 7
0 . 0 1 5
0 . 2
0 .  1 5
0
2 . 0
0
0 .001
M
0.0002
1 . . ' )

0.003
0 . 0 1
0.0003
0 .01
0 002
0 .05
0.005
0 .002
0 .05
0 007
0.005
0
0
0 . 3
0

Looked for but not detected: P, Au, Bi, Cd, Ce, Ga, Ge, Hf, I{g, In, La, Li, Nb, Pb,
Pd, Pt, Re, Sb, Sn, Ta, Te, Th, U, W, and Eu.

" Chris Heropoulos, analyst.

Middle rnen ber: thickness about 80 rneters. This member is made up largely
of beds of white to yellowish-red sandstone and clay. There are minor in-
tercalations of white clay and diatomite. No beds of manganese oxides
have been observed in this member, but there are sporadic smaJl veins of
pure manganese oxides. Sample 279 was collected from a vein of manga-
nese oxide (crytpomelane) about l l  centimeters thick.

Lowermosl mem,ber: thickness about 120 neters. This member is largely
conglomerate composed of rounded and subangular pebbles of andesite
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ancl rhyolite in a sandy matrix. No beds of manganese oxide have been

observed in this member.
It seems significant that, in the area examined, beds of low- and high-

grade manganese oxides have been found only in the uppermost member

of the Huaylas Formation, but veins of pure manganese oxide as much as

10 centimeters thick have been found in the middle member and the

Iower part of the uppermost member, but below the beds of manganese

oxide. Thus far, no vein of oxides is connected with a bed of oxides so

their relation cannot be proven. The chemical features of the oxides in

the vein and the bed, however, such as the high content of potassium

and ar.senic as well as the absence of veins in the sedimentary section

above the beds of manganese oxides in the uppermost member, favor the

idea that the fractures that contain the veins were the source of the

manganese in the beds.

MrNBnar.ocv

Early in the study of the specimens from this area, spectrographic

analyses showed that the principal mineral of both the vein and the bed

is cryptomelane but that the content of potassium is higher than ever

recorded for the mineral. Later, a chemical analysis showed that the

potash content is 6.6 percent whereas the range in seven analyses of speci-

mens from the United States is from 3.10 to 3.92 percent (Richmond and

Fleischer, 1942). The possible relation of the veins of the area to the beds,

is an intriguing problem.
Crytomelane is the only oxide recognized in the vein, and it is the

principal oxide in two specimens from the bed of the purest material.

The specimen from the vein in the middle member is made up of alter-

nating layers of hard,black and softer brown oxides (No' 279)' and, as

the layers outward from each wall match closely, it seems that the layers

were deposited outward from the walls in an open fissure. X-ray diffrac-

tion analyses of the hard black and soft-brown oxides are identical and

indicate that both are cryptomelane.
Table 1 shows one spectrographic analysis of the vein oxide (No' 279)

and analyses of two specimens of layers in the bed (Nos. 280 and 281)'

X-ray diffraction analyses show that sample No. 280 is largely crypto-

melane with some psilomelane, whereas sample No. 281 is hard-black

pure cryptomelane, slightly vesicular, resembling some varieties of lava.

Both the spectrographic analyses of the three specimens and the chemical

analysis of No.279 show noteworthy amounts of arsenic and zinc;thal-

Iium is present in the three specimens. Small amounts of arsenic and

thallium are persistently present in oxides of hypogene origin and much

less frequently in the oxides of supergene origin (Hewett, Fleischer, and
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Conklin, 1963). The absence of tungsten in both the vein and bedded
oxides is worthy of note. The uncia locality in Bolivia, where Lindgren
(1922) found that manganese oxides deposited by an active hot spring
contained 2.19 percent tungsten, l ies about 200 miles west of Alcerreca.

R. C. Erd of the U.S. Geological Survey has been kind enough to re-
view the chemical data and makes the following comment concerning the
formula of crl.ptomelane:

"The composition of crl,"ptomelane was first given by' Fleischer and

Tnnr,n 2. Cnrurcer, Analysrs or CnvprourrANE FRoM .l VnrN ar Taupaca, Cnrm"

Oxide Weight percent fon Ions/Formulab

MnOz
As205"

ZnO
MnO

Na:o
K:O
HzOn
HrO-a

Total

82.4
1 . 2 8

o . 7 3
5 . 8

0 . 0 9
6 . 6
1 . 6 0
0 . 2 4

98.74

Mn+a
As+6

Zn+2
Mn+2

Na+1
K+l

7 .271\. ",o . o8s/' 'ro

3:31?)'''
0.022\1  1n
1 . 0 7 s J  - ' ^ "

' Lois B. Schlocker, analyst.
b Ions per formula vrere calculated following a procedure described by Jackson et al.

(1967) and using the rBM System 360-Model 65 computer: normalizing factor:7.6712,
r ' r 'e ightpercentageof oxygen:33.3703,formula:NaoozK1.67Mn6 6TZnnnTMnTzzAsooaOre,
density: at.{q *--3 (calculated for this composition).

" Reported as As2Os:1.1 weight percent.
d Rejected from calculations (see discussion in text)-

Richmond (1943) as KR3O16 (R:1y1na+ chief ly ,  a lso Mn2+, Zn,  Co).
Later work by Bystrom and Bystrom (1950) on the crystal structure of
the related bariu'm mineral hollandite showed that there were two posi-
tions that could be filled by K (or Ba) ions, and the formula of crypto-
melane has been given in various modif.cations of a formula close to
K2-rMn"-*Oro in the simplest terms (Gruner, 1943; Mathieson and Wads-
ley,  1950;Hey,  1955,  p.37;Ramdohr and Frenzel ,  1956,  p.  21,  54;  Berry
and Thompson, 1962, p. 203; Strunz, 1966, p.183). There is some varia-
tion, due largely to variations in the state of oxidation of Mn. Water has
been rejected in the calculation of the formula given in Table 2 in order
that the data may be compared directly with those given by Gruner
(1943,  Table 3,  p.  502) . "
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Within the section rlf serlirnentarv rocks, not far from thc bed of

manganese oxides, la1'ers of diatomaceous earth have been sporadicall-r '

altered to dense gral'opal within which there are scattered cyiindrical

cavities, probably once occupied by plant remains.
In Table 3 are assembled analyses of the alkalies and barium in sam-

ples of cryptomelane that have been identif ied by X-ray study. It wil l be

Tnsln 3. ANer,vsns or Ar,xa.trns lNo Bmruu ru Snupms or Cnvprounr-exr

Locality
weight per cent >K. 

lNl18" uoo. or- f5r- fLa
Kro Naro Bao (;:r; Origin

Authority

Arircna, Tombstone 3 50 0.44 0.13 0.69 Supergene Richmood and Fleischer (1942)

Arkanus, Sugar Stick 3 84 0.56 tmce 0. 76 do do

Colorado, Silver Cliff 3.46 0.81 do Hewett and Fleischer (1960)

Montana, Phil l ipsburg 3.10 0.48 O 0 62 do Richmond and Fleischer (1942)

NewMexico,Lunamine 3 88 O.47 1.04 O.79 Hypogene Hewettand Fleischer(1960)

Tennessee,Nelymine 4.04 O.66 O.?7 0.86 Supergene Hewett and Fleischer (1960)

Brazil, Merida mine 3 .92 O.2O Supergene Horen (1953)

Chile, Tarapaca 6 6 0 09 0.003 1.10 Hypogene Hewett and Salas (1968)

GawariWarhona,Indiaa 6.06 O.97 4-06 ? Fleischer (1964)

Sitapar, India 5 .95 0.74 2.76 1.28 ? Matbiepn and Wadsley (1950)

Sitapar, India 5.35 0.90 3.48 1-28 ? Fleischer (1964)

Golconda,Nevada 3.42 0.53 4.16 O94 Stratif ied Kerr(1940)
Boulbab. Morocco 3.03 1.25 none 0.95 Hypogene Bouladonand Jouravsky (1955)

WestAustralia 4.4 0.38 O.o8 o 79 ? Faulring,Swicker,andForgenS(1960)

Eisenach, Gemany 4.80 1.92 0.93 Supergene Winmenauer (1955)

Sandur, India 0.09 0 0? 0.91 0.08 Supergene Naganna (1964)

a Incomplete analysis, reeldated after deducting braunite.

noted that the atomic sum (K{Na*Ba*Sr*Ca) is generally less than,

but near to 1, the maximum being 1.28 for material from Sitapar, India;

similar calculations for hollandite (Fleischer, 1964) show a maximum of

1.18. Attention is called to the remarkably low alkali content of material

from Sandur, India (Naganna, 1964), which gave the normal X-ray pat-

tern of cryptomelane.
Other semiquantitative spectrographic analyses of cryptomelane in

Table 4 include both hypogene and supergene deposits.

Orunn DBposrrs

In recent years, beds of manganese oxides have been explored in the

Virgin Springs Valley, northern Humboldt County (H. K. Stager, written

communication, 1959). Within a section of sedimentary rocks about 50

feet thick that is a part of a much thicker section composed of volcanic

ash, silt, sand, and diatomite, there are 17 distinct beds of manganese

oxides whose total thickness is 8 feet. According to K. E. Lohman, of the

U.S. Geological Survey, the age of the diatoms is late middle Miocene'

The principal manganese mineral is cryptomelane, and the semiquanti-
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T.lnro 4. SrurquaNrrrarrvr SpBcrnocn,,\pnrc ANrAl.ysrs oF CRyFToMET,ANE"

Localitv B a Mode of originNaK

Arrzona, Apache mine
Arizona, Oregon-Prompter mine
Nevada, Virgin Spgs Valley
Nevada, Wells Cargo mine
Nevada, Dixon mine
New Mexico, Killion mine
New Mexico, Rheinhart mine
Utah, Wild Cat mine

Hypogene
Supergene
Bed
Hypogene
Hypogene
Hypogene
Hypogene

Supergene

' Chris Heropoulos, analyst.

tative spectrographic anal).sis of Table 4 indicates about 3 percent potas-
sium.

Monn ol ORrGrN

Only in one other district known to the writers-Melli la, Morocco
(Bauchau and Pouit, 1966)-is there as good evidence of a genetic rela-
tion of a vein of rnanganese oxide and a bed of manganese oxide as in the
Alcerreca area. rn the latter area, a vein and a bed lie in close proximity
and the elements in the oxide indicate a genetic relation. There is wide-
spread belief that the sil ica in some beds of diatoms and radiolaria is de-
rived from volcanic sources. rt is thus concluded that at Alcerreca the
manganese oxide that forms the bed and the manganese oxide in the
nearby vein were both derived from waters of volcanic orisin.

Acrxort lnncunNrs

The semiquantitative analyses in Table 1 were made by chris Heropoulos, and tJre
chemical analysis of the vein crptomelane was made by Lois B. Schlocker, both of the
u's. Geological survey, Menlo Park, california. A sample of reported diatomaceous earth
from the area in chile was examined by K. E. Lohman, but no diatoms were found. The
manuscript has been read critically by Richard c. Erd, Robert G. coleman, and Michael
Fleischer.

Rnrlnnxcns

B,lucneu, cnn$rrAN, nNl Gponons Pourr (1966) Le mangandse associd au volcanisme
mio-pliocdne du massif du Gourougou (r6gion de Melilla, Maroc). Soc. G6ol. France,
C. R.  Som. Seancu,2,8t-82.

Bnnnv, L. G. nm R. M. TnoupsoN (1962) X-ray powder data for ore minerais: The pea-
cock Atlas. GeoI. Soc. Amer. Mem.85, 281 pp.

Brnsr, W. A. (1956) Los yacimientos de manganeso de Chile. Amer. Int. Geol. Cong., Z\th,
Medco Cily, 1956, Symposiun. Yocimientos Manganeso-T. 3, p. 377416.

BouleooN, Jn,lN, em G. Jounevsrv (1955) Sur I'elelm6nite de Boulab (r6gion de Mekntss).
Morocco, Sert. Giol,. Notes M6m.,128, 155-159.

7 .
?

3 .
7 .
3 .
3 .
7 .
7 .

o . 7

l  - . 1

'j

0 . 3

1 . . )

0.0015
. J

1

. J

t _ . )

r . . )



II IGH.POTASS I U M CRY PTOM ELAN E 1557

Bvstndu, ANDnns, AND A. M. Bysrnciu (1950) The crystal structure of hollandite, the re-
Iated manganese oxide minerals, and a-MnOz. Acta Crystdlogr., S, 146-154.

Flur.rrNc, G. M., W. K. Zwrcrnn AND W. D. FononNo (1960) Thermal translormations
and properties of cryptomelane. Amer. M iner aI., 45, 946-959.

Fmncrren, Mrcnerr, (1964) Manganese oxide minerals-Vlll, Hollandite, In Ad,aancing
Fronli,ers in Geol.ogy anil Geophysics, Osmania Univ. Press, Hyderabad, p.221-232.

- AND W. E. RrcnuoND (1943) The manganese oxide minerals: Preliminary report.
Ec on. G eol., 38, 269-286.

Gnuxnn, J. W. (1943) The chemical relationship of cryptomelane (psilomelane), hollandite,
and coronadite. Amer. Mineral.,28, +97-506.

Hnwrrr, D. F. nrlo Mrcne,nl Fr-rrscnrn (1960) Deposits of the manganese oxides. Econ.
Geol,., 55, (1), 1-55.

- AND N. Corxr.rN (1963) Deposits of the manganese oxide. Econ. Geol., Suppl.58,
1-50.

Hnv, M. H. (1955) An Ind.er of Minuatr Species and. Varieties Arranged, Chemi.co),1y. Brit.
Mus. (Natural Hist.), London,728 pp.

HonnN, Ar.rnur (1953) The Manganese Minualizati,on oJ lhe Meriil mi,ne, Mi.nas Gerais,
Brazil.Ph. D. thesis, Harvard Univ., Cambridge, Mass.

JacrsoN, E. D., R. E. SrrvrNs AND R. W. BownN (1967) A computer-based procedure for
deriving mineral formulas from mineral analyses. U.S. Geotr. Sura. ProJ. Pap.,575-C,
c23-C31.

Krnn, P. F. (1940) Tungsten-bearing manganese deposit at Golconda, Nevada. Geotr. Soc.
Amer. BuJl,. ,5f ,  1359-1390.

Lrr.rDcnnx, Wer,onuen (1922) A recent deposit of a thermal spring in Bolivia. Econ. Geotr.,
17, 20l-206.

M4,rnmsoN, A. M., ewo A. E. Watsr,nv (1950) The crystal structure of cryptomelane.
Amer. Minaal,., 35, 99-101.

Nee,tNNe, C. (1964) Mineralogy of the manganese ores from Sandur ore deposits, Bellary
district, Mysore State, India. Acta Unir. Carolinae Geol. Monogr.2, 86 pp.

Reuoonn, Plur. ero Grnrreno Fnruzu (1956) Die Manganerze Inl. Geol. Cong., 20th,
Metcico Cil,y, 1956. Symp. Yadmi.mtos Manganeso. T. 1, Mangenao en Genwo.l, p.
r973.

RrcHuown, W. E. eNo Mrcnerr, !'rnrscnrr (1942) Crlptomelane, a new name for the
commonest of the "psilomelane" minerals. A mer. M ineral., 27, 607 -610.

Rurz Fur.r.nt, Cenros (Collab. de L. Aguirre et ol.) (1965) Geolo$a y yacimientos metali
feros de Chile. Inst. Imest. Geol.., (Chile) 305 pp.

Srnuxz, Huco (1966) Mineralogische TabeJlen, 4th eil. Akad. Verlagsgesellschaft Geest
Portig, Leipzig, 560 pp.

Wruurxaurn, Wolne.no (1955) Uber den Mineralbestand der uranhaltigen Manganerze
von Eisenbach und einiger anderer "Psilomelane" des Schwarzwald,es. Geotr. Laniles-
amt, B o,ilm-W urttember g, t ahresh., l, 7 2-7 8.

Manuscrdptrecekteil,March4, 1968;acceptedJor publ,i,cation, Ioily 2, 1968.


