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Abstract

Rowlandite, a rdre metamict yttrium silicate, occurs commonly in nine of the twelve
pegmatites in the Barring_er Hill rare-earth pegmatite district as irregular masses (0.5-l cm)
with gadolinite and yttrialite. The rowlandite is either glassy, transluJent, and bottie-green (n:1.725 + 0.003),  or  a v i t reous scar let  co lor  (n:  1.675 + 0.003).  G :4.41_4.52.

Heating at 900oC for I hour in air results in the crystall ization of a phase assemblage similar
to that of yttrialite heated under the same conditions, low-temperature 7-yttrialite being the
most prominent phase. The calculated formula based on RE'(SiO,)r(F,OH) is (yr.rrrRQ.ru
Fq r"rMno.rorMgs.u5Cas.6a6Nao.02€Ko 00ETh0.02.)(Si2 ,ruAlo ooTOr r* jipr."r.6to 

oorOHo.rrr).

Introduction

Rowlandite was first described from the Barringer
Hill pegmatite, Llano County, Texas (Hidden, lggl;
Hidden and Hillebrand, 1893). Frondel (1961) pub-
lished an X-ray study and a partial chemical analysis
of a Barringer Hill rowlandite. Although once unique
to the Barringer Hill locality, rowlandite has been
found as a common mineral in nine of the district's
twelve pegmatites (Crook, 1977). No positive identi-
fication of rowlandite has been reported from outside
the Barringer Hill district, although Krivokoneva e,
al. (1974) reported metamict and crystalline forms of
a chemically similar rare-earth fluorosilicate.

Material from this study has been deposited in the
collections of the Department of Geology and Miner-
alogy, The University of Michigan.

I Present address: Mobil Oil Corporation, p.O. Box 5444,Den-
ver, Colorado 80217.

Physical properties

Rowlandite occurs in irregular masses (0.5-l cm)
with gadolinite and yttrialite. Where fresh, rowlan-
dite has a distinctive glassy translucent bottle-green
color; however, its most typical occurrence is as a
translucent to vitreous scarlet glass. Many fragments
contain numerous inclusions and brown cloudy
patches that microprobe analysis shows to be ilme-
nite. For fresh unaltered green fragments, n = 1.725
t 0.003; for red altered fragments, n: 1.675 + 0.003.
Rowlandite is completely devoid of crystal form, has
a well-developed conchoidal fracture, a hardness of
approximately 6 (less with alteration), and a specific
gravity (meas) from 4.41 to 4.52.

Annealing and X-ray diflraction analysis
X-ray data on annealed specimens (Table l) were

determined for four rowlandites from Barringer Hill
(NMNH #C3096, R3784, 95368, 83324) and two
rowlandites from Clear Creek, Burnet County. The
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annealing treatment of the completely metamict
rowlandite was a standard one-hour heating at 900oC
in a vertical tube furnace in air. Temperature was
measured continuously by a thermocouple placed
immediately above the sample in a platinum crucible.

Rowlandite did not anneal readily and single-crys-
tal analysis was not attempted on any of the material.
The X-ray powder diffraction data reflect the pres-
ence of a combination of recrystallized phases, the 7-
phase yttrialite (Ito and Johnson, 1968; Lima-de-
Faria, 1964) being the most prominent. Variations in
composition as well as the temperature of recrys-
tallization can have significant effects on the X-ray
diffraction pattern (Krivokoneva et al., 1974). The
similarity between the X-ray diffraction patterns of
rowlandite and yttrialite heated under identical con-
ditions suggests only that the phase assemblages that
result from recrystallization are similar, not that the
rowlandite and yttrialite structures are similar. Vla-
sov (1966, p.243-246) lists rowlandite as monoclinic
and as a variety of thalenite. The annealing study
does not confirm the proposed monoclinic structure.

Differential thermal analysis of rowlandite
(NMNH #R3784 and 95368) revealed broad endo-
thermic peaks between 200o and 300oC due to vari-
able water of hydration, and an exothermic peak at
8700.

Chemical analysis

Electron microprobe analyses (Table 2) of rowlan-
dite were conducted with 150 nA specimen current
and l5 kV excitation voltage (10 kV for fluorine and
chlorine). Analyzed specimens of gadolinite and ytt-
rialite (Rode Ranch pegmatite, Texas) and synthetic
rare-earth salts were used as electron microprobe
standards. To allow for the fewest possible inter-
ferences, specific Loy LBt and K.t lines were used
following the method of Siivola (1975). Iron is as-
sumed to be present as Fes+. Water was measured by
weight loss on ignition minus the analyzed fluorine
content. Corrections for microprobe data were calcu-
lated using Rucklidge's Eupeon VII program (J.
Rucklidge and E. L. Gasparrini, Department of
Geology, University of Toronto, written commu-
nication, 1969). Analyses of rowlandite, either the
green or red material, yield a calculated formula of
(Y r.s2e R Eo.seuFeo.2st Mg..oru M no.rouCas..aeN8s.e26K6.ess

Tho. o2sXSi2. 2r6Als.qo7O7.7ss XFo. 6?sclo. ooTOHo. sr', ) based

on 8 oxygens and one fluorine. The ideal formula for
rowlandite is thus (Y,RE,Fe,Mn)s(SiOn)r(F,OH).
These analyses agree with previous reported values
for Barringer Hill rowlandite and confirm rowlandite

Table 1. X-ray data for annealed rowlandite

I

d ( o b s )  A  I

2
d(obs )  A  I

4 . 9 3
* 4 . 6 7
*4 .04
3 . 6 2

*3  .48

* 3 . 1 9
*3  .06

2 . 9 0

* 2 . 7 8
* 2 . 7 0
? . 6 4
2 . 4 4

*2  ?O

*2 .d6
*? .02
1  . 9 2

* l  .83
* 1  7 E

* l  .60
* 1 . 5 4

4 .85

^- ; .
J . 0 4
?, q2

3 . 2 4

3 . 0 5
2 . 9 9
2 . 9 0

2 . 7 8

2 .631
2.440

2 . 0 7 1

1.923
1 .800'I  

.738

70

l 0
60

100
20
30

20

40

::

t 0

3

5
20

l 0
20
20
l 0
20

l 0
100

20
t 0
20

2n

20
20

5
5

1 0

l :  Rowland i te ,  Bar r inger  H i l l  (USNM #3096,
3784, 9538, 83324)

2 :  Rowland i te ,  C lear  Creek

*v-YrSir0, (I to and Johnson, 1968)

Samples were heated at 900oC for I  hour in air;
CuK-a lpha rad ia t ion ;  in tens i t ies  v isua l  l y ,es t i -
mated; '  di f fract ion data col lected with dif fracto-
meter and Debye-Scherrer camera ( l l4 '6 nn).

to be a rare-earth fluor-orthosilicate. This is not con-
sistent with the formulae proposed by Krivokoneva
et al. (1974).

Occurrence

The definition of rowlandite as a primary species
remains problematic. Hidden (1891), in the original
description, primarily discussed the bottle-green vari-
ety and its relationship to both gadolinite and yttria-
lite. The material used in defining the species was
sorted from previously-mined material, and the para-
genetic relationship was lost. Rowlandite found by
one of the authors (WWC) is apparently secondary
after gadolinite and yttrialite and is not a primary
phase. When green and red rowlandite occur to-
gether, the reddish material is clearly an alteration of
the  gree  n ,  a l though they  are  chemica l l y  in -
distinguishable. No secondary minerals other than
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Ta6le 2. Chemical analyses of rowlandite

Ca0

Mn0

Mgo

Nar0

Kzo
F o f l

L J

A l " 0 ^
. J

s i02
Pb0

u"0^
Th02
Mo0,
RE ^O^a 5
F
a 1

Hzo

TOTAL

I e s s  0  f o r
F  and C l

0 . 4 4

0 .  8 3

0 . 2 1

0 . 1 6

0.  08

3 .  9 6

0 .  0 7

2 6 . 1 2

tra ce

I  . 3 4

tra ce

62.61

4 . 6 2

0  . 0 7

0 .  s 6

I  0 l  . 0 7

I  . 9 6

0 . 3 3
0 . 7 6
0 .  36
0 . 1 I
0 . t 0
4 . 1 2
0 . 3 9

2 s . 7 9

I ra ce

2 . 6 9

60.32
4 . 7 8
0 . t 9
0 . 6 3

Y^0-
L J

La  ̂0^
a 5

Ce^0^
Z J

Pr^0 .
L J

Nd^0^
a 3

Sm^0-
a 5

Gd^0^
L 5

Tb^0^
L 5

Ho^0^
. J

a :
Tm^0^

L 5

Yb^0^
L 5

Lu^0^
a 5

Dv^0^- 4  5

29 .44
0 .  33
3 . 1 7
n ? o

I  . 6 5

2 . 6 2

4 . 5 1

1  . 3 2

0 . 8 6

6 . 1 6

0  . 4 8

5 . 8 7

0 . 7 3

s  . 0 8

2 6 .  1 8
0 . 2 1
3 . 2 4
0 .  36
1  .44
2 . 0 9
a 6 q

I  . 3 5

0 . 9 3

6 . 2 4

0 . 6 6

6  . 0 1

L t 4

5  -78

9 9 .  1 t

I  0 0 .  5 7

2 . 0 6

9 8 . 5 1

t :

2 :
R o w l a n d i t e  ( g r e e n ) ,  B a r r i n g e r  H i l l  ( U S N M  8 3 3 2 4 )
R o w l a n d i t e  ( r e d ) ,  C l e a r  C r e e k

*Hr0  measured by  loss  on  ign i t ion .

rowlandite were found on any of the primary miner-
als below a depth of 1.5 meters at the Rode Ranch
pegmatite. Observations at other pegmatites in the
district also showed that extensive alteration (super-
gene mineralization) was restricted to the surface ho-
rizon. Thus rowlandite appears to be a first-stage
alteration product of the rare-earth minerals gadoli-
nite and yttrialite which when exposed to surface
weathering forms tengerite, behoite, and hematite.
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