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Assirnecr

Cenosite, the first found in the United States, occurs as a rare accessory in a replace-
ment unit in a granite pegmatite near Cotopaxi, Colorado. Associated species are albite,
muscovite, fluorite, monazite, cyrtolite, euxenite and doverite. Properties are: pale rose,
H 5,  G 3.41,  two c leavages at  90";  a:1.662,  F:1.686,  t :1.692,  ( - )  2Y:4O",  r (o d is-
tinct. From a new analysis the formula is: Car (Y, etc.)r SirOsr(COa)g.3HzO. The RE are
mainly Y, with lesser Yb, Dy and Er.

fNrnonucrroN

General. During the summer of 1958, while engaged on a reconnaissance
examination of the Precambrian area north of Cotopaxi, Colorado, the
senior author revisited the Henry pegmatite and found on the dump a
small specimen of an unusual mineral which could not be identified.
Subsequent optical studies suggested that it was the rare carbonate-
silicate of calcium and rare earths, cenosite, which was confirmed by
r-ray powder data. The pegmatite was further studied and mapped by
Salotti in 1959, but no more cenosite was discovered. The analysis was
completed by Borup at the Central Laboratory of the Dow Chemical
Company, Freeport, Texas. The writers are grateful to the Company
and to Dr. E. R. Wright for their cooperation and for permission to
publish the results of the study. We also thank the following for gifts
and loans of specimens: Paul E. Desautels, Smithsonian Institution,

J. A. Mandarino, the Royal Ontario Museum, S. C. Robinson, Geolog-
ical Survey of Canada, and Cyril Holland, Bicroft Uranium Mines, Ltd.;
for suggestions, information and assistance: A. A. Levinson and J. A.
Greear, The Dow Chemical Company, E. B. Gross, The University of
Michigan, and Louis Moyd, New York City. Some of the field work
and part of the laboratory studies were supported by a grant from
Michigan Memorial Phoenix Project, No. 204.

History of cenosite. Cenosite (kainosite) was described first by Nor-
denskitj ld in 1886 from Igeltjern, on Hitteri j Island, Norway. In 1897
Sjiigren recorded a second occurrence at the Ko mine, Nordmark,
Sweden. The mineral was next found in Ontario, Canada on lot 8, con-
cession V, Noth Burgess township (Graham and Ellsworth, 1930; Ells-

1 Contribution No. 240 from the Department of Mineralogy, The University of Michi-
gan, and Mineralogical Publication from the Dow Chemical Co., No. 62841.
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worth, 1932). A second Canadian discovery was made in the late 1950's
at the Bicroft Uranium Mines, Ltd., 10 miles west of Bancroft, Ontario
(Holland, written comm.). The mineral also has " . . . been reported in
traces . . . in the nearby Greyhawk Mine" (Robinson, written comm.,
see also, Robinson, 1960). Dr. Robinson has undertaken a complete
mineralogical study of the Bicroft cenosite.

Four occurrences of very limited numbers of tiny crystals have been
reported from Switzerland in the Grimsel region (Parker and de Quer-
vain, 1940, 1956; Beck, 1956).

The Colorado cenosite thus apparently represents the tenth recorded
occurrence of the mineral and the first in the United States.

Tun Hnxnv PncuarrrB

General. The geology of the Cotopaxi region has been studied by
Salotti (1960). The Henry pegmatite (previously also known as the Colo-
radio Feldspar pegmatite) l ies across the boundary between sections 7
and 8 near their southern ends, in T.48 N., R.12 E., about 3| miles
north-northeast of Cotopaxi, Fremont County, Colorado. The dike has
been intruded in part along the contact between Pikes Peak granite and
a body of Precambrian biotite gneiss which appears to be a roof pendant
in the batholith. The gneissic structure in the pendant trends generally
northerly with gentle eastward dips. Near the pegmatite body, however,
the foliation strikes nearly east-west, dipping northward 40-46'. The
dike, which cuts across both the foliation and the granite-gneiss contact,
trends west-northwest and appears to dip northeastward at a moderate
angle.

The pegmatite has been mined and explored by means of several small
cuts, pits and trenches (Fig. 1) and is poorly exposed. The deposit was
quarried first in 1939 by the Colorado Feldspar Company of Canon
City, Colorado. Prospecting in the replacement unit was carried on in
the late 1950's by Robert Benton of Cotopaxi.

Geology. The internal structure of the pegmatite is indistinctly devel-
oped. The wall zone, which makes up most of the body, consists of an
intergrowth ol quartz, microcline, oligoclase and minor biotite and mag-
netite. The intermediate zone, weakly developed along the northwest
end of the core, contains chiefly a coarse graphic intergrowth oI quartz
and microcline. The centrally placed qttartz core dips 60o north.

The rarer minerals are confined to a small unit localized along the
hanging-wall contact between the core and the intermediate zone. The
qtaftz of the core directly beneath this unit is strongly fractured. Its
irregular contacts and the included remnants of graphic granite indicate
this unit has formed by means of replacement, Iargely of intermediate
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Frc. 1. Map of the Henry pegmatite, Cotopaxi, Colorado, with surface geology re-

stored. Mapped by Salotti by means of tape and Brunton compass. Contour interv.rl
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zone rock, by solutions moving upward through the fracture zone in the
core.

This replacement pod, which measures about 10X35 feet in plan, con-
sists chiefly of white albite-oligoclase, quartz, and local concentrations of
chlorit ized biotite in blades as wide as 3-6 inches and as long as a foot.
Other widely distributed minerals in this unit are microcline, musco-
vite, f luorite and specular hematite. Rare constituents are euxenite,
cyrtolite, monazite, allanite, cenosite, caicite and a rare-earth fluocarbo-
nate mineral.

Rare minerals. Gray, white, pale blue or pale green fluorite formed as
irregular masses as much as three inches across, replacing chiefly micro-
cline. Some of this fluorite is purple, especially near inclusions of radio-
active rare-earth minerals. The fluorite contains scattered blebs and
tablets of a uniaxial, positive, calcium-rare-earth fluorocarbonate min-
eral whose powder r-ray spacings correspond closely to those of synchys-
ite but are distinctly shifted (Levinson, written comm.). Preliminary
studies of the composition of this fluocarbonate indicate, however, that
yttrium rather than cerium earths predominate. A complete study of
this mineral has been undertaken by A. A. Levinson and R. A. Borup.

Closely associated with the fluorite pods are small aggregates of
monazite, a few scattered crystals of largely metamict allanite, and pods
and radial blades of euxenite. One mass of euxenite found in the 1930's
is reported to have weighed 75 pounds. Cyrtolite occurs as hemispherical
clusters of radiating crystals, some of which are 1] inches long in four-
inch groups. It is strongly radioactive and contains Il.27a Hf, and 32.47o
Zrl also present are: Fe, Y, Yb, Th, U.

Because of the small number of specimens available the paragenesis of
the rare minerals cannot be accurately determined. Several general stages
in the development of the replacement unit can be distinguished:

I. Quartz-microcline (residual)
IL Albite-oligoclase, biotite, allanite

III. Fluorite, RE carbonate, monazite, cyrtolite, euxenite, cenosite
fV. Corrosion, formation of small vugs, fracturing
V. Hematite, muscovite, quartz (including quartz crystals as much as two inches

long).

CnNosrrn

Descripti.on. Only one specimen of cenosite was found. It measured
about 2X4 inches and was 1-1$ inches thick. About half of this piece
was cenosite, the remainder being mainly iron-stained feldspar, and sub-
ordinate purple fluorite and specular hematite. The fine-grained hematite
locally fringes the cenosite and appears to replace it. A thin section of
the specimen reveals the cenosite contains scattered clusters of hematite
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plates and is partly altered to a very fine-grained turbid to brownish

carbonate mineral (doverite) and subordinate sericite. A few grains of

quartz and a few of beryl (?) also are present.
The properties of the Cotopaxi cenosite are:

Color pale rose to Iight red

Streak colorless to verypale pink

Luster
Hardness
Soecific Gravitv 3.41
Cleavage
Radioactivity

Fluorescence

greasy
J

two at 90o
none
none under either short- or long-wave ultraviolet

Effervesces slowly in cold, dilute HCl.

Teslo 1. Oprrcer- Pnoprnrrns or CnNosrrt

Switzeriand

Color

Pleochroism

It. brown

d

^l

1 .658 (Na)
| . 6 8 2
1 687

Sign ,2V
Dispersion

(-) 40'
r (z weak

The uneven color of the specimen results in part from variations In

the amount of included hematite. Some crushed grains are cleavage

fragments, and some of these also show edges that are cleavage faces.

Such grains show an eccentric Bxa figure. On the Norwegian material

one distinct cleavage direction was reported with two others indistinct,

90o apart. (Nordenskidld, 1886). The optic plane is (010) and d:a (fol-

Iowing axes transformation) (Graham and Ellsworth, 1930).

Paragenesi,s. Table 4 compares the occurrences and associated minerals

of cenosite. This summary indicates the cenosite is a hydrothermal min-

eral formed 1) in cavities of veins, of replacement deposits, or of peg-

matites or 2) in replacement units of pegmatites.

Composition
(a) Analytical procedures

The sample as received {or analysis was a fine powder, of grain size

Iess than 200 mesh. It was divided into two portions: one for analysis by

Cotopaxi

(-) 40'
r (o distinct

(- ) 3e'se'
/<o strong

yellow brown to

dk. chestnut
brown

r .667
1 .681
1 .683
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Trrlr.2. X-Rey Pomnn Dlra oN CnNosrrn

Filtered Cu radiation

333

Cotopaxi
Hitterii,
Norway

Burgess Twsp.,
Ontario

d A

Bancroft,

Ontario

d A d A d A

7 . 1
6 .  5 6

4 . 6
. t . o J

J . J 4

3 .45
3 . 2 9
3 . 2 0
3 . 1 3
3 . 0 4
2 . 7 6

2 . 5 5
2 . 5 0
2 . 4 4
2 . 3 9
2 . r 7
2 . 1 2
1 . 9 6
1 . 9 2

9 . 0 0

6 . 5 0
5 . 5
4 . 8 0

3 . 4 4
3 . 2 8
3 . 1 9
3 . 1 2
3 . 0 3
2 . 7 5
2 . 6 2
2 . 5 5

2 39-2 .M

2 . 1 6
2 . r 0
1  .95
1 . 9 2
1 8 8
1 . 7 7 8
1 . 7 2
1 . 7 0
1 6 7

1 . 58-1 .66
1 .45
1 . 2 5 5

mw
mw
vs

M S

S

s
s

VS

m

w(b)

M S

m

m
vw(b)

(5)vw

a 1

6 . 6

4 . 8

3 . 5 5
3 . 4 6
3 . 2 9
3 . 2 0

2 . 5 6

2.4-2  M

2 . r 7
2 . 1 2
1 .98
r 9 3

3 .05
2 . 7 7

VS

M S

m

S

*(b)

m
m

m

6 . 5 0
5 .54
4 8 0

3 .45
3 . 2 9
3 .  1 9
3 . 1 5

2 . 7 6

2  . 5 5

2 . r 7
2 . 1 0
1  . 9 5
r . 9 3

S

m

M S

m

S

m

1 . 2 6
1 . 2 2

means of n-ray fluorescence techniques and the other for analysis by
means of wet chemical procedures.

The *-ray equipment, sample preparation methods, and techniques
used were essentially the same as described by Heinrich, et al. (1960).
Calcium and the rare-earth elements were determined by r-ray fluo-
rescence. The wet chemical methods employed in the determination of
H2O, CO2, Feros, AlzOa and SiOz are well proven conventional proced-
ures and need no elaboration.
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(b) Analysis and formula

The results obtained from the combination oI x-ray and wet chemical
analytical methods are given in Table 3 along with previous analyses of
cenosite for comparison.

The elements reported as "estimated maximum" are present in the
sample, but no measurement has been made to determine the amount of
each. According to the r-ray data, the distribution of the trace rare-
ear ths appears to be CelNd)Sm)La,  wi th Ho,  Tm, and Tb present
in about equal amounts. Thus the rare-earth elements in Cotopaxi
cenosite consist mainly of the yttrium subgroup, with only a small
amount of the cerium (or lanthanum) subgroup. No determinations for
either magnesium or sodium were made; both may be present in trace
amounts.

The following simplest formula that can be calculated from this
analysis is:

2CaO. (Y,  etc.) :Oa'4SiOz'  l *COr '  1 iH:O, or

Caa(Y, etc.)aSisOzr(CO:)  a '  3HzO

'fanln 
3. Anar.vsps ol CnNosrtn

SiOr
(Ce, La, Dy)rOa
(Y, Er)zoa
CaO
SrO
AlzOa
FezOa
FeO
Mgo
MnO
NazO

34.66 34  05
3 2 2  t r

35 46 38 00
1 6  7 2  1 6  l 0
0  3 1
0 2 2

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

6 . 5 8  5 5 4
0 0 4
2 s8 [5 60]

3 5 . 2 1
tr

3 7  . 3 1
1 5 . 8 0

0 2 2
0 0 3

)
I

| (, 4.t
I)

6 . 2 5

4 9 2

3 5 9
1 6 .  5

2 9

3 6

[ s  l J

2 . 9
YzOr
YbrOr
DyrOa
Er:Oa
GdzOr
(La, Ce, Nd, Sm)rOa
(Ho, Tm, Tb)zOr

2 9 6

1 5 7

0 9
0 9

1 0 . 1

3 . 8
29.0

2 . 6
2 . 3
0 .5  (es t .  max. )
0 5 (est max )
0 5 (est max )

9 9 7

KzO
COz
SOr
Hz0

100.23  100 00 100.20 100 00

1 North Burgess, Ont. (Graham and Ellsworth, 1930).
2 and 3. Hitterd, Norway (Nordenskidld, 1886).
4 Nordmark, Sweden (Sjdgren, 1897),
5, Cotopaxi, Colorado.



Occurrence

Granite pegmatite

In vugs in fine-grained magne-
tite ore

In solution cavities in vein (?)

of calcite, apatite, phlogopite
and minor sphalerite

Alpine cleft
granite

veins in altered

In vug in biotite-granite pegma-
tite

In core-margin replacement unit
in granite pegmatite

Norway

Ko mine, Nordmark,
Sweden

CENOSITE

'Ianr,n 4. PanacrNnsrs ol CENosrrE

Associated Minerals

Gadolinite, allanite, beryl, micro-

cline, muscovit e, quertz.

Magnetite, diopside, clinochlore,
apat i te;  cenosi te is  youngest .

Vugs contain sequence:
(11 Quartz,  (2)  calc i te,  (J)  ae-
girine and chalcopy rite, (4) ce-
nosite, (5) celestite.

Quartz crystals, chlorite, al-
bite, sphalerite
Hematite roses, quartz crys-
tals, chlorite, albite, apatite,
pyrite

(3) Brookite, monazite, calcite
(4) Ankerite, monazite

North Burgess twsp.,
Lanark Co., Ont.,
Canada

Grimsel region,
Switzerland

Bicroft mine, Ban-
croft, Ont., Canada

Quartz, calcite, fluorite, pyrite

and sphalerite crystals, chlorite.

Cotopaxi, Colorado Fluorite, doverite, monazite,

cyrtolite, euxenite.

This compares well with the formulae calculated by Graham and
Ellsworth (1930) :

"l"iLii:,, lll';i1",;"::;;",f , ;"'
RnrnnnucBs

Bncx, Gorrnnroo (1956), Uber Kainosit und Pseudokristallfunde an der Grimsel. Schweiz.
M iner al. P etr o g. M itt., 36, 60G608.

Bnoccrn, W. C (1906), Die Mineralien der siidnorwegischen Granitpegmatitgiinge, I.
Niobate, Tantalate, Titanate und Titanoniobate. Vidensk.-Selsk. Skriftes, Malh.
Natun.  KL.6.

Er.r.swonru, H. V. (1932), Rare-element minerals of Canada. Can. Geol. Sura. Econ. Geol.
Se r . , l l , pp  237 ,260 .

Gnana.u, R. P. D. ero H. V. Er,r-swonrn (1930), Cenosite from North Burgess Township,
Lanark County, Ontario Am. Mineral.,15,205 219.

Hnrsnrcu, E. Wu. (1948), Fluorite-rare earth mineral pegmatites of Chafiee and Fremont
Counties, Colorado. Am. Mineral ,33,64-75.

---, R. A. Bonup exo A. A. LnvrnsoN (1960), Relationships between geology and
composition of some pegmatitic monazites. Geochi.m. Cosmochim. Acta, 19, 222-231.



336 E. WM. HEINRICH, R. A. BORAP AND C. A. SALOTTI

Lensnx, Espnn S. ero Hennv Bnnuer (1934), The microscopic determination of the

nonopaque minerals. U. S. Geotr. Sura. 8u1,tr.848, p. 185.

Non-orrsrrriln, A. E. (1886), Mineralogiska bidrag. 9. Kainosit, et nytt mineral frd.n

Hitterd i Norge. Geol. Fbren. Fdrh.,8,143-146.
PAnxln, Rosenr L. .tNo F. Dr QurnvnrN (1940), Ein alpines Vorkommen von Kainosit.

S chw eiz. M iner al'. P etr o g. M itt., 20, 289 -294.

(1956), Ein neues Vorkommen von Kainosit in den Schweizer Alpen. Schweiz.

M i,ner oJ. P etro g. M i,tt., 36, 604-606.
RouNsor, S. C. (1960), Economic uranium deposits in granitic dykes, Bancroft district,

Ontario. Con. Mineral., 6, 577.

Ser.otu, C. A. (1960), Geology and petrology of the Cotopaxi-Howard area, Colorado.

Unht. Michigan Ph.D. Thesis.

SAttnnr.v, J. (1957), Radioactive mineral occurrences in the Bancroft arca. Ont. Dept.

* Mines 65th Ann. Rpt. LXV(6).

Syricnr:N, H. J. (1897), Kainosit fr&n Kogrufvan pA Nordmarksfiiltet. Geol,. Fbren. Fdrh.,

19,54-{0.

Manuscri.pt receiled, June 1, 1961.


