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INTRODUCIION ‘

THIS paper gives a mineralogical account of the humite mineral, clinohumite
occurring in the dolomitic marbles of the Bichua stage of the Sausar series.
This series—a member of the Archzan rocks of the Bhandara District,
Madhya Pradesh, has been studied in great detail by Sir Léewis Fermor and
the occurrence of the mineral has been reported by him (1921). However,
so far there has not been any detailed study of ‘any humite mineral occur-
ring in India. The dolomitic marble specimens with the humite mineral
were kindly made available by Dr. W. D. West from the collections he made
with his student Mr. Manjrekar. The exact location is near Baoli, on the
Bhawanthari river, about ten miles north-east 'of Deolapar. .

GEOLOGICAL SETTING

The Archzan terrane has been subjected to intense folding. It is in
this classic ground that West (1926) has recognised nappe structure. The
regional metamorphism is obviously connected with the folding movements
of the originally horizontal sediments. The associated granites and injec-
tion gneisses are a natural accompaniment of folding. The impure dolomitic
rocks have been metamorphosed to schists with anthophyllite and cordie-
rite and the pure limestones to marbles with forsterite. In this regenera-
tive process, the pneumatolytic effect of fluorine, ‘that usually accompanies
acid intrusives, is observed in the partial and complete conversion of for-
sterite to humite minerals. e I

The marble is white to greyish white, equigranular showing no well
defined foliation, with calcite, diopside forsterite, the humite mineral, phlogo-
pite, tremolite and spinel. Weathered' rocks show the harder minerals in
relief, calcite and phlogopite having beén leached ‘away. The humite mineral
occurs in isolated grains. or aggregates, giving rise to.a streaky or banded

A2 9




10 T. N. MUTHUSWAMI

character to the rock. Lenticular concentrations, with insets of blye spinel
are fairly common.
MINERALOGY

Clinohumite is one of the four members of the humite group of minerals,
The designation humite mineral refers to any one of the four minerals.
The humites are neo-silicates of magnesium containing hydroxyl and fluorine.
The general formula is Mg (OH, F);—nMg,SiO,, where n may be 1, 2, 3
or 4, as shown below. Taylor and West (1928, 1929) have determined by
X-ray studies, the structure of the humite minerals. They are made of
interleaved slabs of Mg (OH, F), and Mg,SiO,. The arrangement of the
slabs is as follows: In norbergite # being 1, one slab of forsterite (Mg,Sio,)
is interleaved with one of Mg (OH, F),; in chondrodite # equals 2, resulting
in two slabs of forsterite following one of Mg(OH, F),; n is 3 in humite
and 4 in clinohumite; hence every fourth slab in the former, and every fifth
one in the latter, is forsterite.

It is a common feature of the humite minerals to show gz diadochical
replacement of Mg2+ by Fe?* and Mn2; also a part of OH- by F~. The
lonic radii of Mg2*+, Fe** and Mn2+ are 078 A, 0-83 4 and 0-91 A respec-
tively. No complete hydroxyl end member, corresponding to brucite,
Mg (OH), seems to be present. Humite synthesis (1955), using hydrotherma
techniques has been achieved., The hydroxyl end member has not resulted;
Fluorine and hydroxyl are in the proper relationship to each other, as far
as ionic size and charge are concerned, and hence efficiently exchange one
for the other. Studies of anion exchange of (OH)~ by F-, in silicate struc-
tures have been made by infra-red spectroscopy (1957) and these have con-
firmed the ionic substitution. If a complete replacement of OH- by F-
results, the fluorine end member sellaite MgF, will result. But the struc-
tural pattern of the end member brucite Mg (OH),, will be of the cadmium
iodide type, while that of sellaite MgF, will be of the rutile type.

The slabs are arranged parallel to the basal pinacoid (1892, 1951);
however some mineralogists take the arrangement as parallel to the 3 pina-
coid (1944, 1953); & and b are essentially constant in absolute length. Since
the slabs are packed in the direction of crystallographic c-axis, the length
of this axis changes in a regular way, and is proportional to the number of
Mg atoms in the mineral formula, which are 3,5, 7 and 9.

The crystallographic and other data are given in Table I

METHODS OF STUDY

The humite mineral was separated from dolomitic marble, The. rock
was crushed and ground to pass through sixty mesh. Grains in lots of
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2 T. N. MUTHUSWAMI

3-5 were examined under the microscope; the strong pleochroisn‘% brougpt
out vividly the contrast between clinohumite and any other fprelgn grain
or impurity. Grain after grain was thus picked out for chemx_ca? analysis
and X-ray powder pattern. The method, though laborious ehmmz_ttc_d all
foreign material excepting pigments. Sahama has advocated a preliminary
X-ray analysis, to ensure the purity of the sample under study. Sahama
who kindly gave his authoritative opinion on the mineral wrote* The powc?cr
pattern is good, and I could not detect any other humite mineral \‘Vlth
certainty. It is possible that a very small quantity of humite is admixed
with the clinohumite sample. If present, the amount of humite is, however,
extremely small, and as a matter of fact, I doubt its presence.”

OPTICAL ; DETERMINATION

The refractive indices were determined by the immersion method.
Grains were selected from microsections, some showing maximum inter-
ference colours to determine o and v; grains which under convergent light
showed one isogyre splitting the field were selected for determining 5. The
cover slips were then removed by immersing the slides in xylol. The selected
grains were transferred to separate slides, those showing maximum inter-
ference colours being kept separate, from those required to determine B.

The same grain was used to determine o and y. Repeated washings
by xylol and distilled water eliminated any trace of the liquid used. After
careful wash the grain was removed to another slide by a match stick.
Independent determinations were also made on individual grains. Graing
so picked out from microsections bring out the Beckeline effect clearly, be-
cause of their being flat. The method though tedious is found very satis-
factory to ensure good results, The R.I. of the liquid was immediately
determined by the Billingham and Stanley refracto-meter.,

SPECIFIC GRAVITY

2(;l"he Specific Gravity wag determined by a pyknometer and corrected
to 20°C.

CHEMICAL ANALYSIS

This was kindly‘ unqertaken by Jun Tto of the Mineralogy Department
of the Harward University (Mass). Fluorine value was obtained by H,0,

and TiO, method : . ° )
CaF band, and also by sémiquantitative spectroscoplc analysis for

N
* Personal communijcation,
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16 T. N. MUTHUSWAMI
X-rAY DATA

The powder diffractometer pattern of the sample was taken by Sahama
with a Norolco diffractometer. A comparison with the pattern of his
standard material (No. 865 + 9) Hameenkyla confirmed the identification.
The data for the glancing angles 26, d spacings and intensities of the Sausar
series mineral, and Sahama’s standard were kindly given by R. Natarajan
of Harward University.

OpPTIC AXIAL ANGLE

The determinations of 2V were made on the universal stage by direct
rotation from one optic axis to another, as this is decidedly the best method
to ensure accuracy. The optic axes positions are read on the outer east-
west axis, for two settings of the readings, 90 degrees apart. The two
readings for each axis are averaged. The difference between. the two averages
is recorded as 2V, after necessary corrections. This procedure compen-
sates for inaccuracies in the optic plane setting.

BIREFRINGENCE
The value was determined by Berek compensator.

The structural pattern of dehydrated clinohumite MgF,. 4Mg,SiO,
has a basis of 16 O ions and 2 F ions or 17 O ions. The substitution of
OH, by F does not alter the relation of Mg to Si-ions. The pure OH mineral
has the composition MgeSi,O(OH),. The sum of the charges on the
MgSi ions is 34 to balance the 17 O ions. Hence the ratio of Mg to Si for
clinohumite, and similarly for any other humite mineral will be constant.
For clinohumite this ratio is 9 to 4. For the mineral under study this
ratio is 9-13-3-92, well within the results of analytical errors.

Si: (O, OH, F) RaTIO

Ti** is usually considered to replace Si¢+. Geochemically, this replace-
ment has been considered to be the most important one in silicates contain-
ing titaniom. Kunitz (1936), as a result of intensive investigation consi-
dered that Ti-Si diadochy was common in garnets, amphiboles and micas.
According to the recent trend of opinion in crystal chemistry, this mode of
replacement is comsidered very limited because of the differences in the
atomic radii of Si* (0-39 A) and Tis+ (0-64 A). Ti®* and Ti#+ favour sub-
stitution of AI**(0-67 A) and Mg2+(0-78 A) in the structures. If then
Ti* ions (0-69 A) substitute Mg2+(0-78 &) of the brucite-sellaite slab, one
should expect a similar substitution of the Mg?* jons of the forsterite slabs

-
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Clinohumite Sausar Series, Bhandara District, India 17

also of the humite mineral. However, there are evidences to indicate that
the Ti-Mg diadochy is a restricted one confined to the brucite-sellaite slabs
only. Firstly analysis of forsterite picked out from dolomitic marbles con-
taining the humite mineral, shows an insignificant content of titanium, as
recorded in the forsterite analysis from Ojama, Finland (1953). Secondly,
as pointed out by Borneman-Starynkevitch and Mjasnikov (1950), analytical
results agree better with the structural formula if titanium is not added to
the magnesium of the forsterite slab. Thirdly, the crystal structure of TiO,
is similar to that of MgF,; OH, when present, is not so far known to alter
the structure. Perhaps the water of the cell content, in the brucite-sellaite
slab, acts as a catalyst to initiate and aid the atomic substitution.

If this assumption of restricted diadochy of Ti-Mg in the brucite-sel-
laite slab is accepted, this would also involve a substitution of F in the slab
by the O associated with Ti. Thus F will decrease as O and OH increase 3
However, the atomic ratio of any humite mineral—Si to (Oq;, OH, F) will be
constant and prove a diagnostic feature. - For clinohumite the average ratio
of thirteen selected analyses is given as 8:4-20 (Table IV), while the theo-
retical value should be 8: 4. The minimum for Oy, OH, F is 2-9 and the
maximum is 5-3. In the clinohumite (this paper) this value is 3-45, well
. within the limits. In this connection, it may not be inappropriate to point
out that the determination of H,O is a difficult problem in mineral analysis,
and particularly so in the humite minerals. Water is tenaciously adsorbed
in the cell structure. It also contains 89 per cent. of oxygen—a percentage
much higher than any other oxide; this will inevitably result in errors in
the oxygen atoms per unit cell even for a small percentage error in the
analysis. Further water has a low molecular weight compared to others,
which will also affect the computation.

Or, OH, F RaTIO

The next mode of interpreting the analysis is to find out if an increase
of Oy, goes with a decrease of F, with the three variables O,, OH and F.
Sahama has plotted in a triangular diagram, the three anions of selected
analyses (Fig. 1). There are eleven plots in the diagram of Sahama. That
marked (1) is the O, OH, F ratio of the mineral under study of values
27, 54 and 19 (Table IV) respectively. Admittedly taken as a whole, the
figure does not bring out the relationship it is intended to convey. Out
of the twelve plots, seven are scattered far down below to formulate authori-
tatively that an increase in Oy, results in a decrease of F. But neglecting
the plots with low titanium content, a tendency in the direction expected is
observed, The real difficulty seems to be this. Crystal lattices attain the
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Fie. 1. Clinohumite (O, OH, F) ratio.

ideal type only at the absolute zero of temperature. At all other tempera-
tures, thermal vibrations produce defects either in the form of holes, or in
some atoms not taking their legitimate positions. In the increased tem-
perature of metamorphism the defects perhaps become much greater.

PHYSICAL AND OPTICAL CHARACTERS

Physical Characters

Crystal form absent; subhedral, Colour—of shades of yellow, brown
to dark brown often violetish in weathered specimens. Cleavage poor.
H 5-5-6, fracture subconchoidal to conchoidal. Lustre vitreous, Specific
Gravity 3-2.

Twinned on 001, simple and polysynthetic—the bands of varying width;
cracks usually present, .
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Optical Properties
Pleochroism .. a= Golden yellow.
£ = Pale yellow.
y = Pale yellow.

Refractive indices .. oa=1-638 :
B=1-658 =+ 0-001.
v=1:670
Birefringence .- Strong with middle second order inter-
ference colours.
Double refraction .. +032.
2v .. 76° (corrected for R.I Segments).
Sign .. Positive.
Extinction -« a A\ 00 =9°; symmetrical on either side

of the trace of the composition plane 001, y coinciding with the microscope
axis. Random sections, orientated with the twinning line bisecting the angle
18-20°, between the extinction Positions of « of two adjacent bands are
noted. The adjacent lamellz of such grains show equal illumination eight
times on a complete rotation of the stage.

REFRACTIVE INDICES AND OpPTIC AXIAL ANGLES

A reference to the refractive indices of 29 chondrodites (Table V),
nine ‘clinohumites (Table IV) and ten humites (Table VI) collected from
literature-indicates that there is considerable overlap in the R.I. values of
a, B and y. With reference to these three humite minerals, on the basis of
the available data, it may be tentatively inferred that a humite mineral is
chondrodite provided « is less than 1-607, or B less than 1-619 or ¥ less than
1-639. Also, if B is more than 1-655 or y more than 1-675, it can be clino-
humite. The identification of norbergite is best done by its optic axial angle
2V, = 44-50°. Only eight values of 2V, are available for humite and eight
for clinohumite. The range in the former is 65-84° while in the latter it
is 58-90°. Out of the sixteen readings available for chondrodite the range
is 70-90°.

OPTICAL PROPERTIES AND CHEMICAL CoOMPOSITION

The relation between the chemical composition and optical values for
the humite mineral cannot be made out, as the available data are too scarce
to draw a generalised conclusion, Further the refractive index is influenced
by the chemical content of various constituents like FeO, MnO, TiO,, F
and H,O. However, it may be mentioned that Thiele (1940) shows that
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the mean refractive index of chondrodite increases with increase in Fe®+
and Fe®, as shown in Table VII reproduced from Thiele.

Extinction a A\ 001

Though the determination of the refractive indices and optic axiatl
angles are not useful in the specific identification of humite, chondrodite
and clinohumite, the extinction value a A O0I is a useful criterion. The
recognition of the morphological feature (00I) depends on the crystal being
twinned on (00I). If the orientation of the grain is such that if a tilt on the
N.S. axis in the U stage preferably does not exceed 15°, y being made to
coincide with the mircoscope axis, the symmetrical extinction (1951) for the
humite minerals is as follows:

Humite . 0°.
Clinohumite .. 7-15°,
Titan clinohumite .. 20°.
Chondrodite - .. 26-30°.

For the mineral under study, the extinction ig 9°; indeed, grains with orien-
tation exact_ly pe}‘per}dlcular to y, giving symmetrical extinctions, without
a need for investigation on the U stage, confirmed the correctness of the
identification.

X-Ray Powder Datg

In ﬂ}e ab§ence f.herefor.e of twinning lamelle, the specific determination
of a humite mineral is practu;ally impossible,. The only method is to compare

¢ X-ray data for glancing an ings
: ) gles (26), d-spacings
mes (@) of the lines for the Sausar serjes mineral and

o te]r}};v (;o;u;’lt;sgl ;f z)r W D _West and his stimulating influence, the present
© Write this short paper, The chief object wag to study

ion of the humite mineral.
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Prof. Th. Gi. Sahama wus hind enoupgh o vconhing the wlentiivation of th
mineral by Xeray investigation nd comparion waithe s standard maternald
(No. 865 | 9). Thanks are due to Mi, R, Natarapan amd I, Fromdel,
Harvard University, for letting e have the Ny Ja, The  chenmeal
analysis was done by Jun Ho of the Mineralopiead Department, Harvard
University (Mass.),  Prof, Perey . Quensel, Stovkholim Lhvernty, was so
Kind as to supply the chemivil sy tival data of womne ol (he vornpuiable
humite: mincrals, which could ot be canly lovated m bndie The micro.
photographs were kindly prepared by D, West iy publivation,

The interest and help received from one amd ML wniting i paper,
is hereby gratefully acknowledged.
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FIG. 1. Clinohumite—Symmetrical extinction. FIG, 2. Clinohumite—Symmetrical extinction.
X 12. % 12,

FIG. 3, Clinohumite with calcite, forsterite,
tremolite and spinel. X 12.

Fic. 4. Clinohumite—Polysynthetically twinned. FIG. 5. Clinohumite with calcite, spinel
% 8. and phlogopite. X 12.







