
MINERAIOGICAL NOTES

Mrr,r-rcex, W. O., .nNo J. L. McAron (1956) Crystal structure of 7-AIOOH and 7-ScOOH.
J. P hys. C henc. 6O, 27 3-27 7.

Retcnrnt, P. P., auo w. J. Yosr (1946) The crystal structure of synthetic boehmite. ,r.
Chem. Phys. 14, 495-501.

saar,rnro, H. (1958) The dehydration of gibbsite and the structure of a tetragonal r-Al:or.
CLay Minerals BuII,. 3,249-257.

Yaua.croe, Ir., ewo G. Yeuloucrrr (1966) A discussion on the phase diagram of the system
AlzOrHzO considering the transformation mechanism of the polymorphs appearing in
it. J. Ceram. Ass. f ap.74,3G42.

THE AMERICAN MINERALOGIST, VOL. 55, JANUARY-FEBRUARY, 1970

ANNEALING CHARACTERISTICS OF METAMICT
GADOLINITE FROM RODE RANCH TEXAS

Snrnr.By J. GrnsoN, Department of Geology, McMaster University,
Harnilton, Ontario

AND

Anrnun J. EuluaNw, Department of Geology, Texas Christian
(lniaersity, Fort Worth, Texas 76129.

Atsrnecr
Chemically analyzed' metamict gadolinite was heated in air at varied temperatures and

time intervals. At 1080"c gadolinite was well crystallized by t hour. At 880'c samples
showed a lesser but constant level oI crystallinity. At 780"c and 730'the gamma phase
reported at 1300' by Lima-de-Faria (1964) was predominant, but it remained poorly de-
veloped after heating for several days. At 680o no recrystallization was detected after one
week heating. DTA showed a large exotherm at 810' and smaller exotherms at 850' and
900". The degree of recrystallization, determined by three X-ray difiractogram peak
areas, was influenced more by temperature than by heating time.

INrnoouctroN

Completely metamict gadolinite (having no X-ray diffraction pattern)
will recrystallize, giving the X-ray diffractogram of crystalline gado-
linite. Problems arise, however, in obtaining consistent results after
annealing metamict minerals prior to X-ray analysis if (1) other meta-
mict impurities are present, (2) polymorphs occur, or (3) insufficient or
excess temperature is applied during the annealing treatment. The pres-
ent study describes in detail the annealing character of a chemically
analyzed gadolinite; hopefully the data can be used for optimum re-
crystallization of metamict gadolinite specimens.

standardized X-ray identification of a number of metamict minerars is
considered by Lima-de-Faria (1964), who heated gadolinite in air and
nitrogen at fixed conditions of 700oC for 3 hours, 1000o for t hour, and
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13000 for t hour. In addition to gadolinite lines, a gamma phase of un-

known nature was observed in 7 of 8 specimens after annealing at 1300o

in air. The gamma phase was observed at lower temperatures in one

sample only. Materiat tor the current study was hand picked from a

,p..i-"r, oi chemically analyzed gadolinite (Table 1) from the Rode

dun.h pegmatite, described by Ehlmann' Walper, and Will iams (1964)'

PRocEDURE

A sampie of approximately 5 grams of material for each run was ground to pass a 150

mesh screeo. The sample *u. p,ri in a platinum crucible and suspended for a designated

period of time in a preheated, plutitt,t- wound, vertical-core furnace' After removal from

ih" f.rr.ru.", the sample was regtound and was scanned by an X-ray diffractometer at 2'20

Tlnr,t 1. Crrau-rcat, ANalvsrs or RoDE Rescu Geoolrlrrrr
(Weight Percent)

Sioz 23.45
AlzOs 1.73

0 . 6 4
1 1 . 6 6
0 . 3 6

MgO 0 .2r
CaO 0 '51
BeO 9 .25
(RE)2O' 5t.21

YzO: 2 9 . 1 1
LazOs 0.30
CezOa
Przoa o.4o
NdzOg 3 .00

FezOa
FeO

MnO

ThOz
HrO(-)
H,O(+)

Total:

n / . <
0 .01
0.+9

99.97

SmsOr 2.66
Euzoa o.o5
Gdoa 4 .01
TbzO: 0.75

IIozOs 0.75
ErzOs I .90

0 . 3 5
1  .35

DyzOs 4 . 7 6

TmzOs
Ybzoa
Lu:Oa 0.25

Total R.E: 51.21

Analysts: B. Bruun and S. Bergstll, Geologisk Museum, Oslo' Norway'

perminuteforqualitativeanalysis.ThesamplesthenwerestoreduntilquantitativeX-ray

ana l ys i so f t hedeg reeo f c r ys ta l l i za t i oncou ldbepe r fo rmedona l l samp les t rea teda ta
particular temperalure. Ratio of integrated peak intensities, read with a planimeter, was

tuk"n u. an indication of the crystallinity of the annealed sample' This ratio was calcu-

lated by dividing the intensity of a peak from the trial sample by the intensity of the same

p"ok o, gadolinile ,,fully,' annealed at 10g0"c for 4g hours. The lines considered were 4.72,

2.82 and 2.55 Angstroms.

Rl'surrs oF HEATTNG

1080" Series (I,2, +,6, 8, 48 hours): X-ray diffractograms showed sharp

patterns with the same intensities for all samples. Figure 1 includes the

diffractosram of the 4 hour sample' The lines include those of ASTM
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1. X-ray Diffractograms of untreated and Annealed Metamict Gadorinite from

the-Rode Ranch Pegmatite. The gamma phase is from Lima-de-Faria (1964). cuKa
radiat ion.

Data card #8-190 and correspond closely to the gadolinite lines listed
by Lima-de-Faria (1964). There is no indication of the gamma phase.

880" Series (l / 2, I, 2, 4, 6, 8, 10, 12, 16, 1g, 22, 24,4g hours) : By I f 2 hour
recrystall ization reached a maximum, which the 4.72l*l ine showed to be
approximately 85 percent of the 10800 "standard," while the 2.g2 A and
2.55 A lines showed approximately 50 percent intensities. Figure 1 shows
that most of the gadolinite l ines and onry a slight indication of the 2.6s A
gamma phase line are present. rntensity of this gamma phase line de-
creased somewhat with increased heating time, but it was weak in all
samples.

780"  Se r i es  (1 ,2 ,4 ,6 ,  8 ,  10 ,  12 ,14 ,16 ,  1g ,  20 ,22 ,24 ,4g ,72  hou rs ) :  Mos t
of the gadolinite l ines did not deverop. The 4.72 A gadolinite i ine i.r-
creased in intensity from 30 percent of the standard after t hour to
about 70 percent. As shown in Figure 1, the strongest l ines belong to the
gamma phase of Lima-de-Faria (196a). All samples in this r.. i., u..
similar.

? ! 3  i  5  3  3  =
; - -  -  -  i  6 ;  G i . j N N  o  o j  d  o ; ;  n l  :  I  c a D o L r N r r E

lO80"  4  h rs .

8800 24  hrs

78O' 24hrs

73O" 24hrs

'680' 
24 hrs.

Untraotad

lurvilM
i,liAll

lV 1",r,fl" I
l . l ; | t i ^ l ;

r, ̂l l. r i Tr'l [ i.rr,
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730o Series (4, 15,2+,66, 168, 336 hours): As shown in Figure 1, the l ines

from both phases (except the 4.72 A gadolinite line) are poorly devel-

oped. The 4.7 2 h l ine reached a maximum intensity of 70 percent altet 24

hours,

680 "  Se r i es  (1 ,2 ,4 ,9 ,  16 ,24 ,4 t , 72 ,  168  hou rs ) :  As  F igu re  1  shows ,

difiractograms indicate no recrystallization and little change from the

unheated gadolinite.

Rrsulrs oI DTA

Difierential thermal analysis of this metamict gadolinite (heated at I2.S"C/min.)

shows a large exotherm at 810"C grading into smaller exotherms at 850o and 900o, which

correspond with recrystallization as shown by the heating experiments. A broad subdued

exotherm occurs at 275'-350'; this may represent some increase in ordering of the metamict

gadolinite although not sufficient to be shown by X ray. An endotherm occurs at 760o; it

may be related to the appearance of the gamma phase prior to recrystallization of the

gadolinite.

CoNcr-usroNs

Recrystallization of gadolinite depends on temperature rather than

time of heating. Heating of one hour at approximately 1100o provides

well crystallized material for X-ray analysis. The nature of the gamma

phase remains uncertain. Here it seems transitional and exists between

roughly 7000 and 800oC. This conflicts with the study of Lima-de-Faria
(te64).
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