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Assrnecr

Pnnvrous Wonr
Allanite has been described from yosemite Nationar park and ad-

jacent country by Ries (1900), pabst (1928, 193g), Calkins (1930), and
others, but so far as the writer is aware neither analyses nor optical data
are available for occurrences of this mineral from this g.o.ruf"..r.

LoNc Gur.cn OccunneNcn
The cerium-bearing epidote forms prismatic crystals that occasionally

measure up to 15 mm. in length and these are sporadicalry distributed
in narrow sheets of mineralogically simple pegmatite 3-4 inches in width.
rn general the allanite crystals are elongated parallel to the 6 crystallo-
graphic axis, and in sections that are cut paralrel to a plane coniaining
the o and c axes, a roughly hexagonal outline due to appioximately equar
development of basal planes, orthopinacoids, and hemiorthodomes is
evident.

MrNBnerocy or.THE pncuarrrp aNt Hosr Rocr
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according to the Carlsbad law. Where andesine adjoins orthoclase, nar-

row selvedges show a myrmekite-like structure with minute vermicular

interpenetration of plagioclase by orthoclase or microcline. Orthoclase,

whicl makes up about 15 per cent of the total rock, is usually untwinned

and here and there a few crystals of microcline with poorly developed

cross-hatch twinning were observed. In the pegmatite itself microcline

and orthoclase are pink in color and more plentiful than in the granodio-

rite; and in addition both potash feldspars exhibit a regular arrangement

of inclusions of minute blebs of plagioclase (Anzo; a: I.542;7:1'550) of

the same composition as the associated pegmatitic plagioclase, although

the latter it wiil be noted, is less calcic than the plagioclase in the en-

closing granodiorite. The potash feldspar of the pegmatite zone shows

strong replacement structures where it adjoins the plagioclase of the

host rock. In these instances large poorly twinned but irregularly shaped

grains of microcline exhibit peripheral zones heavily studded with

remnants or islands of calcic oligoclase (Fig. 1, B).

Frc. l. A. Granodiorite showing allanite with cracks radiating therefrom, ferruginous

plagioclase between microcline (right half of field) and oligoclase (left half). Locality: Long

Gulch, Yosemite National Park, California. Magnification X10'

About 10 per cent of qvartz is present in the host rock but it is more

plentiful in the pegmatite, and whereas about 15 per cent of biotite is

found in the former rock only occasional plates were found in the latter.
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In the granodiorite, biotite is considerably altered to fine flaky chlorite,
often in the form of tiny rosettes, and this transformation appears to have
in some way facilitated the crystallization of ferriferous epidote and
wedge-shaped crystals of sphene (average tength 1.5 mm.), since these
two minerals are frequently closely associated with the assemblage of
chlorite and biotite (Fig. 1,,4). Chlorite has the following optical prop-
erties:

Bi..r,ins:;: ::i 8ii ii.l]T estimation)
2V:0 ' (+ )

X:y:green

Absorption: lllnv 
vale vetto*

These data suggest that the chlorite is an iron-poor member of the
ripidolite group (Winchell, 1936, p. 6a9). Occasional crystals of allanite,
iron-ores, apatite, and zircon complete the mineral assemblage.

Here and there the pegmatite band is intersected by narrow veinlets
(10-20 mm.) that are composed entirely of radiating, f inely prismatic,
bright green crystals of iron-rich epidote.

Accnssony MrNpners or, THE PBclrarrrp

The following constituents were recognized in the heavy residue sepa-
rated from a two-pound sample of pegmatite by centrifuging the crushed
rock in bromoform of density 2.88 ca.:-

Sphene. Sphene made up slightly more than one half of the total resi-
due. It occurs as subhedral grains, and occasional "envelope"-shaped
euhedra that exhibit prominent development of flat domes.

fron orid.es. Ilmenite and magnetite are both present in subhedral
fragments, with the latter mineral exhibiting some peripheral oxidation
to limonitic material.

Tourmaline. Only very occasional pale greenish-blue, fractured, pris-
matic crystals of tourmaline were observed.

Epidote. A few irregularly shaped fragments of yellow ferriferous epi-
dote (7-a:0.025 ca.)  were found.

In addition the follorving minerals were observed as members of the
heavy mineral assemblage although altogether they did not exceed ap-
proximately 5 per cent of the total residue: allanite; clear, colorless
zircon faintly pink garnet witin n: | .825 ; clear , colorless prisms of apa-
tite devoid of inclusions;biotite; and monazite (one grain only). Finally
one anhedral fragment of an unidentified golden-yellow isotropic mineral
was observed which caused distinct darkening when placed on the emul-
sion of an ot-ray track plate, and for which a refractive index of 1.650
was determined.
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CnBmrc.q'r Pnopenrms oF Arr,qxrrB

The finely crushed mineral was completely decomposed, except for

the prod,uction of pulverulent but not gelatinous silica, after treatment

on the water-bath for five minutes with concentrated hydrochloric acid.

Chemical tests showed that approximately 0.7 per cent of ThOz and 0.6

per cent of MnO is present, but no reaction for uranium was detected.

Puvsrcer PnoPnnrrps or ArreNrro

Subhedral to euhedral crystals of allanite are distributed haphazardly

throughout both pegmatite and granodiorite, but are more plentiful in

the former. The allanite crystals are black, but crushed fragments exhibit

a resinous to vitreous luster with pronounced conchoidal fracture. An

imperfect cleavage parallel to the length of the crystal, presumably the

basal cleavage, was observed in only a few instances.

The following optical data were obtained for Long Gulch allanite:

a: 1.769 + 0'003
p :1 .784
t: l '791' ,112t3?-,,,

Dispersion: Distinct with r)0.

Pleochroism:
;g:pale yellowish-brown

Y:dark brown
Z:brown

Absorpt ion:  Y>Z>X
Dzo.c. : 3.87 * 0.02 (torsion balance determination).

Although the optical properties of Long Gulch allanite appear to sug-

gest an unaltered mineral, incipient change towards a metamict condi-

tion appears to have commenced because a study of thin sections reveals

a delicate system of anastomosing cracks that radiate away into the

surrounding feldspar from several allanite crystals (Fig. 1, A and B)'

The cause of the development of the radiating fissures in such instances

has been discussed by several writers (Ellsworth, 1922, p' 58; 1927, p'

367; Walker and Parsons, 1923, pp. 27-28; Hutton, t950A, pp' 695-

6e7).
Reccoo PBrlr MaNcANoAN ArraNtre

OccunnBr.tcB

At this locality roughly shaped crystals of manganoan allanite that

measured up to 45 mm. in length and exhibited only traces of any de-

velopment of crystal faces, were found embedded in blocks ol quartz-

orthoclase pegmatite. Rocks of this type made up a considerable propor-
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tion of a coarse scree that had accumulated on the lower slopes of Ragged
Peak and a search for occurrencesdn situ were unsuccessful, but never-
theless these must be near.

CuBurcal PnopBnrrps

Large anhedral fragments of allanite were readily separated from
matrix in the first instance by hand-picking of coarsely crushed pegma-
tite. This concentrate was then crushed to pass a 230-mesh screen, freed

of dust by careful elutriation and a sample of relatively homogeneous
material was finally obtained by electromagnetic fractionation of the
elutriated material by means ol a Frantz Separator. With the Separator
adjusted at a slope of 15o, a ti l t of 5o, and a current of 0.10 ampere
the attracted portion consisted chiefly of opaque iron oxides, and uni-
axial, possibly oxidized, allanite. At 0.15 ampere and the same setting

additional oxidized allanite and allanite with iron oxide inclusions were
obtained, whereas at 0.20 ampere a nearly pure homogeneous allanite
sample separated. This material was ground finely and centrifuged in

Clerici solution over a range of densities to ensure purification of allanite
from traces of cryptocrystalline qrartz and iron oxides. The altered ma-

terial and foreign particles did not exceed approximately 3 per cent of

the unfractionated and uncentrifuged mineral fragments.
The analysis of this material (Table 1, analysis A) is interesting in

several respects, viz. the high content of iron, mainly in the higher
valency state, titanium, and particularly manganese as Mn2+. The low
percentages of SiOr and combined HzO, and an absence of KrO and NazO
are indicative of the purity of the sample as analyzed. Analyses that are

comparable in every respect to that of Ragged Peak manganoan allanite

have not been found, since allanites with a high content of manganese,
either as Mn2+ or Mn3+ appear to be uncommon, and furthermore,
allanites combining a high percentage of ferric iron, manganese, and

titanium appear to be decidedly rare. However, so far as these three

constituents are concerned a mineral from the Vishnevy Mountains de-

scribed by Ovchinnikov and Tzimbalenko (19a8) as mangan-orthite
(Table 1, analysis D) is rather similar to the Ragged Peak occurrence,
although the latter difiers on account of the higher manganese content,

the lower alumina, and the presence of both uranium and thorium. Un-
fortunately the constituents in the rare earth group in analysis D have

not been differentiated. From the point of view of the content of Al3+,
pgr+, and Tia+ in particular, the Ragged Peak mineral is remarkably simi-

lar to allanite from Colorado (Table 1, analysis F) described by Goddard
and Glass (1940, p. 398) and furthermore, the optical properties of these

two occurrences are almost identical.
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Accordingly Ragged Peak allanite appears to contain a higher per-
centage of both manganese and titanium than in other analyses so far
reported and this unusual composition taken in conjunction with the
high figure for Fe2+ and Fe3+, and particularly the latter, undoubtedly
accounts for the unusually high values recorded for the refractive indices
and birefringence of this mineral.

When the analysis of Yosemite manganoan allanite is recalculated
(Table 2) on the basis of 13 (O, OH, F) atoms to the unit cell i t conforms

T,q.lr,n 1. ANervsos or Alr,aNrrns

F .E .D .B .A.

SiOz
Al2o3
FezOr
FeO
Tio:
Mso
MnO
CaO
NagO
KzO
ThOz

UOz
CerOa
LazOz
YrOs
HrO+
H:O-

28 .80
10.00
1 0 . 2 5

/ . J J

2 . 0 2
0 . 5 8
o . l +

10.08
nil
nil
0  . 9 5
0 .015
9 .06

13.36
nil
1 ? )

nil

30 .60
1 6 .  1 8
3 . 5 2
8 . 6 0
0  . 3 6
0.46
4 . 4 8
I  . l o

nil
nil
1 . 0 2

nt.dt.
19.36

nil
2 . 2 2
5  . 0 7
0 . 2 2

3 2 . 9 3
14 . ) r

n t .d t .

15.23
nt.dt .
0 . 7 4
4 . 3 2

t 2 . 6 1
nt dt.
nt.dt.
t . 6 4

trace
4 . 8 7
8 .  1 9

nt.dt.
4 . 5 8

nt.dt.

29.60
r{t .  J+
8 . 3 8
9  . 3 8
r . 9 6
0 . 8 2
J . J /

10.  56
nt dt.
nt dt.
nt.dt.
nt dt.
t 7  . 2 0
nt.dt.
nt.dt.

1 . 0 8
nt.dt.

30.76 30.40
1 3 . 5 0  1 0 . 2 5
3 . 8 7  1 0 . 3 3

t2 .21  t0 .29
0 . 1 3  r . 4 6
0 . 4 5  1 . 4 4
4 . 8 7  0 . 6 6
/  - J J  I  . + l

nt.dt.  0 .02
nt .d t .  0 .16

2.26  n i l
ni l  nt.dt.

22 82 14.61
nt.dt.  10.32*
nt.dt.  nt.dt.

1 . 3 6  1 . 9 5
0.31  n t .d t .

100. 505 99.  85 99.73 99.68 100.24 99.36

* The figures 10.32 arc simply listed as "other rare earths" by the analyst.

A. Manganoan allanite from Ragged Peak, Yosemite National Park, Tuolumne County,

California. Analyst: Johnson, Matthey. The following constituents were looked f or but

found to be absent: ZrOz,YzOa,P2Os,Zn, Ni, Co, Pb, Cu, Ag, Cr:Oa.
B. Allanite from Woodstock, N. W. Division, Western Australia. Analyst: D. G. Murray

(S impson ,1931 ) .

C. Allanite from Ishikawa, Iwaki Province, Japan. Total includes: VO2 tr., SnOr tr.,

COr 0.11 (Kimura,  1925).
D. Mangan-orthite from Vishnevy Mts., Russia. Total includes: ZnO 0.72; V2O80.27.

Analyst: I. B. Petropavlovsky (Ovchinnikov, L. N., and Tzimbalenko, M. N., 1948,
p .192 ) .

E. Allanite from Ry6zen, Japan. Total includes: SnOz 0.13; PzOs 0.07; COz 0.15; YzOs
included with CezOa. Analyst: S. Hata (Hata, 1939, p. 116, table 2, analysis 2).

F. Allanite from southern cerite deposit, nea; Jamestown, Colorado. Analyst: C. Milton
(Goddard and Glass, 1940, p. 398, table 4).
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Terre 2. Recer-culerroN ol ANar,vsrs ol Mauce.NoeN ATLANTTE

wt.
per cent

(o, oH) Metals

28 .80

10.00

2 . 0 2
10 .25
7  .33
0 .  58

o .  t +

10 ,08
0 .95
9 .06

13 .36
L . J Z

.960 2 . 8 7 4

1 . 1 8 5

.149

.766

.605

.084

.563

t . 0 7 7
. 0 1 8
.323
.491
. 8 7 4

I,*
. 1 2 6 )

Ai2o3

TiOz
FesOa
FeO
Mgo

MnO

CaO
ThOz
ce:oa
LagOr
HzO

.297

.050

.t92

. 1 0 1

.0t4

.094

. 1 8 0

.006

.081

.  T Z J

.073

{ ,

.874

The formula derived is: (Ca, Th, Ce, La, Mn)rr:(Al, Fe"', Fe",Mg,Mn):,oo[(Si'
Al)3or,l(oH).s?

closely to the formula XzYszt(O, OH, F)r: developed by Machatschki
(1930, p. 96) for allanite, in which the X-group includes cations with

ionic radius about 1.0 A+0.10, the Y-group ions of intermediate size,

and z, silicon, although aluminum and rarely beryliium may be present

in the tetrahedra. In this connection three points deserve comment:
(1) The low figure for Sia+ is balanced by an appreciable quantity of

aluminum in the sil icon-oxygen tetrahedral groups;x it should be ob-

served that four-fold coordination of aluminum, normal in a great many

si l icates,  is  usual ly  of  l i t t le  moment in  a l lan i tes as Lokka (1935,  pp.11-12)

has made clear for some Finnish occurrences. (2) In order to satisfy the

requirements of the structural formula manganese has been divided

between the six-fold coordinated group and the X-group of higher co-

ordination, a mode of distribution that is permissible owing to the inter-

mediate size of the manganese ion. Machatschki (1930, p. 91) has in-

cluded manganese in the X-group of his generalized formula, although in

one of the analyses recalculated by him (Machatschki, 1930, p. 93) dis-

tribution of manganese between the X- and Z-groups was found to be

necessary; this is in conformity with the circumstances usually found in

* It is interesting to note that Petropavlovsky and Tzimbalenko (1948' p' 192) have

chosen to group Tia+ with Sia+ in the tetrahedral assembiage but not A1#.
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piedmontite (Machatschki, 1930, p. 89). (3) The figure for hydroxyl
is slightly less than theoretical requirements and on this account it was
suspected that fluorine might be present; however, tests for the halogen
were negative.

The reaction of the finely powdered mineral with acid is comparable
to the behavior of the Long Gulch mineral under similar circumstances,
aiz. complete decomposition and solution except for the separation of
insoluble, non-gelatinous sil ica, after boil ing in concentrated HCI for
about five minutes.

Pnysrcer Pnopn'nrrns

The roughly shaped and dominantly anhedral crystals are black in
color and when broken exhibit subconchoidal fractures that have a de-
cided pitch-like aspect. A distinct cleavage is evident on broken surfaces
in hand specimen.

In thin sections cut from large crystals of manganoan allanite zoning
and heterogeneity were observed although the former development was
in the main restricted to narrow and intermittent border phases in its
distribution. Cleavage, believed to be parallel to [001], is often very
well developed in the peripheral zones, but it is indistinct and interrupted
in the main part of any crystal, that is in the unaltered allanite. The
peripheral zones are generally pale brown in contrast to the deep red-
brown color of the phase which makes up the main body of the crystals,
and they difier in other respects as well (Table 3). In turn the pale brown
modification of the normal allanite is outwardly but patchily fringed by
colorless clinozoisite (F|g.2A). fn the border areas chalcedonic quartz
and opaque iron oxides occur (Fig. 2A) and here and there aggregates of
diminutive and almost euhedral crystals of albite (a, :1.526) that exhibit
twinning according to the albite law. Blebs and Ienses of a golden yellow
to red-brown phase occur throughout much of the border areas of the
crystals (Fig.28). fn some instances there is no clearly defined preferred
orientation of this modification, whereas in others it forms narrow rib-
bonlike areas arranged parallel to the {001} cleavage as well as less
regularly shaped patches that appear to follow fissuresl and finally it
occurs in rectangular and dart-like shapes, arranged en echelon, or very
occasionally distributed along a curious linear feature with re-entrant
angle (Fig. 2B). The optical properties of the golden yellow to red-brown
phase are listed in Table 3, but unfortunately the writer is unable to show
what the exact nature of this modification is. With some diffidence it is
suggested that it may represent the combined efiects of incipient meta-
mictization and oxidation of allanite and its distribution in most instances
along channels that would allow relatively easy access for solutions gives
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some support to this suggestion. The refractive indices are distinctly
lower brrt the birefringence is higher than the figures obtained for un-
altered allanite. undoubtedly transformation to a metamict condition
would ordinarily tend to produce a product with lower refractive indices
and birefringence, but on the other hand oxidation of both manganese
and iron would be likely to increase the value of these figures, and there
are large amounts of these metals in lower valency states in the unaltered

Ftc.2, A. Narrow altered and zoned peripheral area in large crystal of manganoan
allanite. Areas exhibiting cleavage consist of pale colored allanite with large optic axial
angle, and clinozoisite. Note tJre ragged grains of magnetite set in a patch of chalcedonic
quartz. The relatively homogeneous areas are brown allanite with poorly developed cleav-
age and occasional patches and blebs of red-brown uniaxial allanite (the less dense areas).
Clear patches are holes in, and edge of, thin section. Locality: Ragged peak, yosemite
National Park, California. Magnification X25. B. Thin section of manganoan allanite
shor'ving junction with quartz of pegmatite vein and distribution of blebs of red-brown uni-
axial allanite. Note also the unusual linear feature, as yet unexplained, and distribution of
wedge-shaped areasof uniaxial phase along that direction. Locality: Ragged Peak, yosem-
ite National Park, California. Magnification X5].

allanite (oid.eTable 1, anal. ,4). The cumulative efiects on the optical
properties of allanite of these two processes acting simultaneously but
to different degrees of completeness cannot be adequately assessed in
this case.

The linear feature already mentioned (Fig. 28) does not seem to be
the result of twinning because a careful check with the universal stage
showed no change whatever in the positions of any element of the indic-
atrix in the mineral on either side of this boundary. Nor does it seem
Iikely that it is the result of an abrupt change in chemical composition,
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because the optic axial angle is constant and in allanite 2V is fairly

sensitive to compositional changes. Accordingly the writer is unable to

offer a satisfactory explanation for the linear feature at this time.x

fn accordance with Marble's (1937, p. 66) recommendation a radio-

graph of manganoan allanite was made, using a large crystal on which a

iut"iutty polished surface measuring 35X10 mm' was prepared' This

surface was cleaned and then placed on a Kodak nuclear track plate

type NTB for twenty-one days after which the plate was developed in

Kodak solution D-8. The radiograph very clearly demonstrated the lack

of homogeneity in the crystal as a whole because slightly greater density

was apparent in those areas of the plate adjacent to the golden yellow

to deep red-brown modification than in the emulsion that was in contact

with the homogeneous deep brown allanite, that is, the analyzed material.

In addition three very dense spots were found on the plate that indicated

points of intense radioactivity, but a study of the thin section subse-

quently cut parallel to the polished surface did not reveal any obvious

source for the radioactive particles that produced the over-exposed spots.

The following physical properties were determined for Ragged Peak

allanite and its variants:

Tnsm 3. Oprrcar. Pnoprnrrrs ol MamceNoeN Arr-mtrrn enl Irs Pnasos

Pure analyzed

allanite

Peripheral
zo17e

Blebs

p -

' v - d :

2\
Sign.
Dispersion
Pleochroism:

X :

Y :
Z :

Absorption:
X[c :
Dzs'c.:

1 .791+0  005
1 . 8 1 5
| .812
0.031
40" +2"
negative

r{4, distinct

pale brown

brown
deep warm-brown

z > Y > X
20"
3 .95+0.02

1 .779*

1 .797*
0 .018
g0't 2"
negative

r(2, distinct

pale yellowish-

brown
pale brown

pale brown

Z > Y > X
270

1 .7294

1 .770*
0.041
0'
negative

golden yellow

to brown

deep red to

red-brown
Z > X

* A slight range of values was observed for the refractive indices and the data cited

are averages.

* It should be noted that Russell (1937, pp. 1328-1329) has described an occurrence of

twinning in allanite but gave no crystallographic-data beyond stating that extinction'lvas

inciined to the composition plane.
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The refractive indices recorded here appear to be distinctly higher than
any previously recorded for allanite and undoubtedly they are a reflection
of the unusually high percentage of Fe3+, 14t1r+, and Tia+ in the mineral.
The only instance of allanite with comparable optical properties appears
to be allanite described by Goddard and Glass (1940, p. 398) from the
southern cerite deposits near Jamestown, Colorado, which as pointed
out earlier, contains an unusually high content of Fe3+ and Tia+.

At this juncture it would be pertinent to call attention to the attempt
made by Hata (1939, pp. t24-128) to correlate chemical composition
with optical properties and particularly to an analysis of allanite from
Kido, Japan (Hata, 1939, p. l27,Table 8, analysis 13). Hata plotted the
percentages o1 p"z+f2Fe3+ in the I-group against the percentage of
rare earth elements in the X-group and some relationship would seem
to exist between these data and the beta refractive index of the minerals
concerned. Now the value of this relationship is, according to Hata,
confirmed because the plot of the appropriate chemical data of an allanite
with an unusually high percentage of p"a+ (Hata's analysis 13) falls in
his diagram on the correct refractive index line. However, the present
author is of the opinion that this is entirely coincidental. If this particular
analysis is treated as was done by Machatschki (1930) it is {ound not to
agree with the formula X2Y3zs (O, OH, F)ra but instead the X- and I-
groups are I.52 and 3.46, respectively, if manganese is placed with the
ions of higher coordination, or 1.39 and 3.58 respectively, if manganese is
placed in six-fold coordination. Clearly then the allanite used for analysis
by Hata was either impure or considerably oxidized, or alternatively the
material employed for determination of the beta refractive index was not
representative of the composition as stated in the analysis. When the ap-
propriate data for Ragged Peak allanite are plotted on Hata's diagram it
would appear that this mineral should have a beta refractive index of
1.775, a value that is very clearly distinct from that determined on ma-
terial used for the purposes of analysis, aiz. 1.815. And if Goddard and
Glass's allanite is treated in the same fashion the value for beta as deter-
mined from Hata's diagram should be 1.799 instead of their value of
1.810. Clearly then factors other than those considered by Hata must be
taken into account but these will be discussed in a later paper.

Acr or Yosnurrn Panr Ar,laxrrp

Although both thorium and uranium have been found in manganoan
allanite and thorium only in the specimen from Long Gulch, Iead was
not detected in either specimen in spite of the fact that the host rocks,
the granodioritic intrusives of the Sierra Nevada Range, are Jurassic
in age. In a recent paper the writer (Hutton, 1951) has discussed a
similar condition in allanite from New Zealand. In this case determina-
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tion of the age of the allanite by the "Iead-ratio" method gave an ap-
proximate figure only but certainly one that could not have exceeded
14-i5 X 106 years although the mineral was unaltered and found in rocks
that are of late Paleozoic age. In like manner the Californian allanites
described in the present paper exhibit little transition towards a meta-
mict state, a condition that has been tested chemically as well as optical-
ly; therefore, it appears reasonable to assume that there has been little
or no loss of radiogenic lead by solution.

In an attempt to explain the wide discrepancy between the age deter-
mined by the "lead-ratio" method and the age of the host rocks deter-
mined by geologic field studies, the writer advanced the view that the
New Zealand allanite is the product of very late redistribution and re-
crystallization of original pegmatitic allanite by solutions acting along
old pegmatite or other solution channels;in other words, it is suggested
that allanite may be as mobile a mineral as are members of the clinozoi-
site-epidote group. In the absence of any indications to the contrary it
is suggested that similar conditions, uiz. solution, redistribution, and
resegregation at a fairly late date, could explain the absence of lead in
these Californian occurrences. This view is not intended to infer that
allanites are generally valueiess for purposes of age determination since
many examples are available in which the "lead-ratio" agrees satisfac-
tori ly with geological f ield evidence (Marble, 1935, 1943), although in
other instances (Marble, 1940) it has been quite unsatisfactory. Finally,
it must be borne in mind that allanite need not necessarily contain any
thorium or uranium (Marble, 1942,p.63), and such specimens are natu-
rally useless for age determination by the "lead-ratio" method.

Errrcr oF CoNcENTRATED Acro ow Ar.r-,qwrrn

When fine powders of Long Gulch and Ragged Peak allanites are

heated with concentrated hydrochloric acid on the water-bath, solution
is complete within about five minutes except for the separation of pul-

verulent but not gelatinous silica. Nor did gelatinization occur when
powdered allanite was first ignited to dull-red heat for five minutes before

acid treatment. This is not in accord with the behavior suggested for al-

lanite (Murata, 1943, pp. 552, 555), since it is an orthosil icate, but never-

theless it does seem to be similar to that recorded for nagatelite, a phos-

phorian allanite. However, the reaction of acid on the Yosemite allanites
is in marked contrast to the behavior of allanite from Wilmot Pass,

Fiord land,  New Zealand,  under s imi lar  c i rcumstances (Hut ton,  1951).

These distinctions in behavior invite some investigation and discussion.
First of all so far as the behavior of allanite in concentrated acid is

concerned it would seem to be necessarv to differentiate between meta-
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mict and nonmetamict varieties. To check this it was found that the fine

powders of two metamict allanitesx from different localities underwent

rapid decomposition when treated with hot concentrated hydrochloric

acid, and provided the volume of acid initially employed was small the

solution rapidly set to a thick rigid jelly. However, if these metamict

allanites are heated first to bright-red heat for about five minutes and

then treated with acid, decomposition of the minerals still occurred

but in this instance the silica which separated was pulverulent and did

not set to a thick jelly. Now the two allanites from Yosemite National

Park exhibit only very slight indications of metamictization whereas the

mineral from Wilmot Pass, Fiordland, New Zealand, shows no evidence

of this transformation; the high birefringence and normal density deter-

mined for these minerals would seem to support this observation' Yet

the Yosemite allanites are readily soiuble in concentrated acid with

separation of pulverulent silica whereas the New Zealand mineral is

only slowly decomposed after the most drastic treatment, rriz. prolonged

heating with fuming sulfuric acid or perchloric acid. Unfortunately the

composition of the allanite from Long Gulch is not exactly known except

that the high refractive indices suggest a fairly ferriferous condition.
Fortunately we can compare the composition of manganoan allanite

from Ragged Peak with that of Wilmot Pass allanite (Table 4) and the

outstanding and most significant differences between these analyses are

the high percentage of octahedral positions occupied by iron and man-
ganese in Ragged Peak allanite on the one hand and the dominance of

aluminum in the octahedrally coordinated positions in Wilmot Pass

allanite on the other. Now it is well founded that substitution of octa-

hedrally coordinated aluminum by iron and (or) manganese leads to

structural weakening which results in greater ease of chemical solution.

This is found, for example, in andradite as compared with grossularite or

spessartitel and lepidomelane as compared with muscovite among the

sheet structures or disilicates.
However, it must be borne in mind in this connection that so far as

orthosilicates are concerned other factors than replacement of six-fold
coordinated aluminum by iron are undoubtedly of importance. For

instance, clinozoisite and iron-rich epidote are both equally insoluble in

* The allanites employed in these tests were found at Albany, Wyoming, and Barringer

Hill, Llano Co,, Texasl the Wyoming mineral, rvhich was not completely isotropic, although

the birefringence did not exceed 0.005, has an average refractive index of 1.718, whereas

for the Texas mineral a range oI 1.718-1.724 was found. The composition of the Texas

allanite must exhibit a distinct range since the refractive index recorded for a specimen

from that locality by Glass (aid.e Marble, 1940, p. 172) iies outside the range of the values

determined by the writer.
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acid, and accordingly accurate determination of ferrous iron is notori-
ously difficult. However after preliminary ignition these epidote group
minerals are readily decomposed by acid supposedly with the separation
of a gel according to most texts. To verify this condition two clinozoisites
(9: l .7Ag,  1.712)  and two ferr i ferous epidotes (9:1.750,  1.755)  were
ignited at bright red heat for five minutes and then treated with boiling
concentrated HCI for a similar period. Although decomposition was rapid

Tlnr,r 4. Axer,vsns ol Ar,r.ewr:rns

B .
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0.874

A. Allanite from Wilmot Pass, Fiordland, New Zealand (Hutton, 1951).
B. Manganoan allanite, Ragged Peak, Yosemite National Park, Tuolumne County,

California.

a gel, that is a thick rigid jelly, did not develop even after evaporation
of liquid almost to the point of dryness but instead a globular form of
sil ica separated that readily settled to the bottom of the test tube. Since
both clinozoisite and ferriferous epidote reacted towards acid in a similar
manner, replacement of octahedrally coordinated aluminum by iron
clearly produced little change in the stability of the ferriferous variety,
whereas loss of hydroxyl through ignition must have caused a break-
down of the structure in both minerals with the result that solution in
acid was easily accomplished.

The nature of the reaction of allanites with hot concentrated acid mav
be summed up as follows:
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(1) Metamict varieties: rapid production of a stifi jelly of gelatrnous

sil ica.
(2) Non-metamict varieties:

(a) When the octahedral positions in the lattice are dominantly

occupied by aluminum the mineral appears to be insoluble or

only slowly decomposed after prolonged and drastic acid

treatment.
(b) When the octahedral positions show considerable replacement

by iron and (or) manganese the mineral is readily decomposed

with the separation of pulverulent silica.
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