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from Elbe istand an icositetrahedran type from Wilui in which each of the
fuces of the octahedron or icositetrahiedvon corresponds to an elementary
individual instead of the rhombic dadecahedron as in the case of the pyreueite
type. Our garnet from Aulwei, though baving an icositetrahedron form
Lelougs nevertheless eptically to the rhomsbie dodecahedron type. It seems
that thi= divergence between ihe geometrical form and optical property has

not been observed in any of the birefringent garnets previously sindied.
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of the Chekiang garnet. Two sections respectively normal to the axis of
tetragonal and the axis of binary are shown in plate X1, fig. D. and E.
OPTICAL THEORY AND COMPARISON
WITH FOREIGN TYPES.
Early th the nineteenth -century the birefringence of some caleic garnets
was observed by several European mineralogists, but no explanation was
’ oiferéd. In 1876 Mallard? first proposed the explanation that it is caused
by the combination of elementary individuals of a Jower symmetry, Miner-
alogists were however not unanimous in adopling this view. Some Gernan
workers 1ike Klein 2 and Braun?, held that the garnet wus really isutropic
and the optical amomaly was due to the mechanical stress or isomorpong
mixture. For the facts recorded in this paper, Mallard’s tineory seems {o
give, as far as we cun see, the most satisfactory explanation. The geologieal
condition of the deposits from which our garnets come seem 1o give ne reason
to suppose the existence of any parlicular pressure after the erystallisation.
On the contrary, the special mode of origin of the contact metamorphism
may provide particularly favourable condition to the erystallisation of the
birefringent garnets and their association in higher symmetry. It may be
assumed, for instance that the cirenlation of vapours orhot solutions and the
great heai developed by the igneous intrusion arve conditions favouring these
phenomena,

The optical property of the garnet from Chekiang is very closely similar
to the garnet from Pyrenees that Mallard described under the name of
Pyreneite. Several similar cases have been described by Lacroix4. The
garnet from Fan-Ch'ang Hsien, Anhwei, should be compared with the
“aplome’ type of Lacreix? whieh is characterized by alternating Inyers of

monorefringent and birefringent garnet, Klein deseribed an octahedral type

1. Annales des Mines X. 1876,

2. Neues Jahrbueh fiir Mineralegie I, 87, 1883,
3. TJablonowskiseh Gesell 1891,

4. dMinéralogic de France T, 213, 1893,
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The relation between the elementary individual and the compound crystal
may be also summarized as following:

Three principal axes of} ‘ The axes of the geome-
indieatrix of the elementary } Coincide with { trical form of the compound
crystal. J IL crystal.

Coincide with Axis of binary
Coincide with Axis of tetragonal
Coincide with  Axis of binary

8 ™ N

GARNET FROM FAN-CH’ANG DISTRICT, ANHWEL

Mode of oceurrence:—~ Cryslals studied here were collected by Mr. I.
T, Chang from the iron deposits of Chang-Tung-shan (E3Eilt), Chin-shih-tun
(&FW), Tallo-shan (KEEl), and Hsisao-k’o-shan (pEl), in Fun-
Ch'ang Hsien (% EB8%). The deposits are of contact metamorphic origin,
oceurring befween limestone and grano-diorite,

Physical properties:~ Al the physical properties are similar to those
found in the garnels from Chekiang but the geometrical form is icositetra-

liedron as in fig. 4.

Fig. 4
Tcositetrahedron garnet.

Optical properties:— Though the geometrical form of the Fan-Ch'ang
garnets is more complex, their optical properties are exactly the same as those
of the garnet from Ghekiailg with the only difference that the crystals of
TFan-Ch’ang show a zonal texture composed of z.xlternating 1ayérs of opfically
isotropic, anisotropic crystals, Both the sections normal to the axis of
tetragonal and binary have the same orientation as the corresponding sections
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of these sections has been determined to be f-a=.00099. In combining the
two determinations, we have the maximum birefringence for the erystal
y-a=0013 which differs only slighily from the value .00121 obtained from
the section parallel to (100), Pl. XTI Fig. A. Each of the four other portions
ie an inclined section of the index-ellipsoid. The longer axis of indicatrix
makes on the average an angle of 30° with the symmetrical plane or 80° with
ons side of ifs own trapezium which forms one side of the polygon of six
sides symmsetrically arranged about the symmetrical plan.

Fig. ‘.Z:
Spherical projection of the principal nxes of the elementary indicatrix on the plane
(110} of the compound crystals.

Explanation:~ The apparently very variable properties above described
will be quite comprehensible if we suppose that the erystal is built up by
twelve elementary individuals of the orthorhombic system; and in each of
the twelve elementary individuals the index-ellipsoid is arranged in such a
way that the shortest axis, @, of indicatrix is perpendicular to each of the
faces of the rhombohedron.

This is represented by stereo-projection in fig. 2. Each
face of the dodecahedron is therefore parallel to one of
the three prineipal sections of the index-ellipsoid with

// the longest axis, y, of indiecatrix in the direction of the
/_»_' longer diagonal of the rhombus. Twelve individuals,
N in the form, of a pyramid as shown in fig. 3, with & base

N of rhombus forming face of the compound crystal, are
associated symmetrically about the planes and axes which
Fig. 3. become planes and axes of symmeiry for the compound

Elementary individual ¢rystal.  Trom this mode of .association results the oplie
crystal. properties studied above,
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distance), or a hexagon divided into six portions (when the section passes

through the centre).

Plate X1. fig. B. isa hexagc;u in which three inner portions are quadril-
aterals and combine fogether to build up a polygon of six sides; the lattex
is again surrounded by six trapeze portions forming a hexagon. All nine por-
tions are oblique sections of the individual index ellipsoid disposed symmetr-
jeally around the axis of trigonal. Each of the three central portions has twe
principal indeces of refraction coinciding with the the two diagonals of the.
quadrilateral so that the three maximum indices of refraction form the three
sides of a triangle, the bisectors of which correspond io the three planes of
symmetry. The axes of indicatrix of the outer six portions are inclined but
iheir projections are arranged pair by pair symmetrically about the three
planes of symmetry. In each of six portions the direction of the larger
indiees of refraction makes an angle of 60° with the plane of symmetry of
erystal or parallels ’with the corresponding side of the hexagon (i. e. outer
sidles of the section of the compound erystal).

(e). Section normal to the axis of binary i. e. parallel to (110). The
seclion appears as a polygen of six sides either composed of six isosceles
triangles (if ent thropgh the centre of the componnd crystal) or divided into
seven portions (if it does not go through the centre}.

The plate X1, fig. C. shows a section of a polygon of six sides divided
oplically info seven portions of which both the form and arrangement con-
form to the binary symmetry. The four portions, irapézia in form, are
arranged in two pairs separated by two portions, isosceles triangles in form.
A central portion is rhombie; its longer diagonal passes through the two

vertices of the two isosceles triangles.

The optical orientation is arranged also in binary symmetry, for the axes
of the indiealrix of the central portion are so arranged that the longest axis,
7, coincides with the longer diagonal of the rhombus, and the middle axis,
B, with the shorter diagonal. The birefringence has heen determined as
7—$=,00081. The axes of indicatrix of the two trianglar porlions are so
arranged that middle axis, 8, is paralle] to the base of the triangle, and the
shortest axiy, a, perpendicular to it in the same plane. The birefringence



Bulletin of the Geological Survey of China 89

according to the position of the section. When it is cut at one fourth of the
above mentioned distance the eight portions are almost equal in size.

The plate X1. fig. A.shows a octagonal section cut near the centre of the
erystul. It contains eight portions: four form a group and alternate with
the other four portions that form another group. Each portion has the same
optical property as the one opposite. Each portion has its two extinction
directions, one parallel, and the other normal fo the octagonal side which
serves ag the base for it; but by the use of a gypsum plate it can be proved
that the maximum index of refraction coincides with the direction parallel to
the base of the triangle in one group of four portions, while in the four por-
tions of the other group the corresponding base coincides with an intermediat
index of refraction. As, on the other hand, the four larger triangular portions
(i. e. those having as base the longer side of the octagon, or in olher words,
those passing near the longer diagonal of the dodecahedral face) show always
the largest birefringence when compared with the other four porlions as well
as with sections of any other direclion; it may be inferred that they must
contain the Iongest axes p aswell as the shortest one & of indicatrix of the ele-
mentary individuals. It is therefore possible to determine their birefringence.

So another section was cut normally to the axis of tetragonal i, e. parallel
-to (100) and prepared together with two sections of quartz parallel to its
optic axis. From the interference colour of the latter and with the use of a
quartz wedge, we determine the order of the interference colour of the garnet,
hence its thickness; and then from the retardation and the known thickness
of garnet the birefringence (3—«) is calenlated to be equal to .00121. The
four portions of the other group are oblique sections of the index-ellipsoid
with the external base of the triangle parallel fo middle axes, S, of indicatrix
and its normal intermediate between a and 3. i

(b). Section normal to the axis of trigonal i. e. parallel to (111).
This section shows either an equilateral friangle itself composed of three
isosceles triangles (when the section cut further away from the centré than
four fifth distance between the centre and the boundary of the compound
crystal.), or a hexagon divided into nine portions (when the section cut
not further away from the cenire than four fifth of the above mentioned
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in sand formation from Ho-Ts'un ({ff 4F) at west Ch’un-An Hslen (JE5215) .
He wrote later that a personal investigation in the place showed that the
erystals were really found in a metamorphosed limestone in a district where
igneous intrusions were ¢ommon. Specimens of rock sent to the Geologieal
Survey confirined his last statement, -

Fig. 1.

Rhombic dodecahedron garnet.

Physical properties:— The specimen is subtranslucent with dark spois
and streations as inclusions. Though compact, it is very britile showing
subeonchoidal or uneven fracture. The average specific gravity is 3.31 and
hardness 7.5. s diameter is half centimetre long or more. It has a vitreous
luster and dark violet colour. Ifs geometrical symmetry is that of rhombic

dodecahedron as in fig. 1.

Optical properties:— The mineral shows under the microscope a striking
double refraction and appears as composed of a variable number of polygonal
portions according lo the direction of the thin section cut in the cerystal.
The following is a summary of the optical phenomena observed in sections
cat normally to the different axes of the geometrical symmetry of the erystal.

(a). Seclion normal to the axis of tetragonal i. e. parallel to (100).
This section shows a square composed of four isosceles triangles if cut through
the centre or along any plane further away from the centre than one half dist-
ance between the centre and the boundary of the compound erystal. It will
show a polygon of eight sides divided into eight portions in isosceles triangles
when cut not further away from the centre than one half of the above
mentioned distance; (he size of the eight isosceles triaugles are variable
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GARNETS PRODUCED BY CONTACT

METAMORPHISM.
By T. I. Loo

INTRODUCTION.

Garnet is one of the commonest contact minerals produced by the
metamorphism of limesione by igneous intrusions. A number of such
crystals from Chekiang (¥ TL) and Anhwei (% ) were studied by the
writer in 1916 under the direction of Messrs. IL. T. Chang (ZFIGE() and
W.H. Wong (£i3(5) respectively divector and professor of the Geological
Tnstitute at that time. The erystals showed always a certain birefringence
under the polarization-microscope, which can be explained by the assoeiation
of & number of individuals of orfhorhombic symmetry. Since then garnels
come from ofther localities but also in metamorphosed limestone have been
examined and similar optie characters have been always found. Of these, the
crystals from Hung-Shan, (& 1) northern Monan, show even a more
complex structure which I hope to be able to describe at a later date.

In 1920 Mr. C. Tung (3 %) kindly showed me micro-photos of a
garnet from a small iron deposit of contact metamorphic origin from T ung-
Shan (3 i) at Lung-T’an (3 ) belween Chinkiang (81 IL) and
Nanking, (B ) the same optic anomaly was still observed. Already in
1919 Dr. Wong suggested that this kind of optic anomaly was probably due

+ to the speeial mode of origin of these contact formations which in China ave
often so rich in iron ores. Researches conducted on the garnets above ™
mentioned and other ones from Hupeh (i k) and Fukien (78 #) seem
to confirm this idea. The study of these crystals therefore is noi only
interesting from a crystallographic point of view but may have also an
important geologic bearing. The following is the result of the study made
in the garnets from the two first mentioned loealities.

 GARNET FROM CHUN-AN DISTRICT, CHEKIANG.

Mode of occurrence:~ The specimens of garnet from Chekiang were
collected by Mr. H. C. Niu (ZEHF) in 1916 and were first stated to e found



P s B B T
R . : ~ eenbras
X s Wi et ¥
V- i

[Froy BILLENN OF THE GEOLORICAL SURVEY OF MHINA, K02 Ourobes 1920

ON THE OPTICL ANOMALIES OF SOME GARNETS
PRODUCED BY CONTACT METAMORPHISM.

T. I. Loo.






