
ANTIGORITE FROM THE VICINITY OF CARACAS,
VENEZUELA*

H. H. HBss, R.J.Surrn, princeton (Jni.uers,ity, princeton, N. J.,
AND

G. Dnxco, Direcc|on d,e Mi,neria y Geologia, Caracas, Venezuela.

Ansrnncr

fNrnooucrrox

CnBlrrcar Couposrrrom

Though much has been written on antigorite there are no superior
chemical analyses of the mineral availabre in the literature so far as the
writers are aware. An analysis by peck is given in Table 1. The materiar
analyzed is a rock consisting armost entirely of antigorite, the onry
impurity noted being a fraction of a per cent of unidentified dusty in-
clusions of fibrous character and having much lower indices of refraction
than antigorite.

An attempt to recalculate the analysis into the usual serpentine for_
mula, MgoSirOro(OH)s shows a poor fit (columns 7 and g, Table 1).
rt is evident that the Mg:Si ratio is close to 7:5. A number of trial cal-
culations to determine the probable relationship of (OH) and HzO in the
mineral assuming Mg: Si: 7:5 resulted in arriving at columns 5 and 6 of
Table 1 as the most likely solution. The formula deduced indicates 21
O(OH) of which 8 are (OH) and leaves a remainder of HzO. What in_
formation is available in the literature indicates a rather wide range of
variation in Hzo content-from slightly less than 12 weight per cent to
somewhat over 14 per cent. This suggests that the number of molecules

* Princeton Investigations of Rock Forming Minerals, number 6.
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Tasrn 1. CnBurcer- CouposrrroN

69

Ion
Ratios

20

Li

1 1

l 1

1 0 1 7

2
I

1

1201.
3131

Cations
to  2 l

o(oH)

Cations
to  18

o(oH)

Theo-
retical

Theo-
retical

sio,

AI,OA

CrzOr
FerOe
FeO
MnO
Mgo
Nio
CaO
NarO
K,O
H,O+
HrO-
TiOr

. 0 2

. 9 0

. 8 1

. 0 4
4 1 . 0 0

. 1 6

. 0 5

. 0 1

. 0 3
12.18

. 0 8

. 0 1

99.92

AI+3

Cr+3
Fe*3
Fe+'z
Mn*2
Mg{
Ni+2
L a -
Na*r
K+l
Ti+4
H
o

HzO

8

1 t o 3

4 3 . 6 0 J t _ + t 64 9 7

8 . 0 5

Analyst Lee C. Peck, Rock Analysis Laboratory, University of Minnesota.

Density 24" C/4' C :2.607.

Approximate general Jormula: MgzSiron(OH)e 'zH,O, Ni+z, Fei2, Mn+2, etc', may substitute for Mg+ in

part,
Al+3Al+3, Fe+3AI+8, Cr+3AI+3, etc., may substitute for MgflSi+a to a limited extetrt.

of H2O in the formula (representedby "n" in Table 1) might vary from

n:! to n:3.In the present analysis la is near the lower valte, n:l '4'

X-nev DnlnacrroN Darn

The powdered antigorite was examined with a low powered Philips

f-ray spectrometer. Three records were made using an iron Larget with a

manganese filter and three with a copper target and nickel filter' The

averaged values for three runs on each sample are given inTable 2, columns

2 and 3. In the conversion of 2 0 to d spacings the tables made by Switzer,

Axelrod, Lindberg and Larsen (1948) were used. In these K" Cu is 1.5418

A. and K" Fe is 1.9373 A. ttte estimated relative intensities are given

in columns adjacent to the d spacings of columns 2 and 3 but are not

directly comparable to the intensities of column 1.

Dr. H. S. Yoder of the Carnegie Geophysical Laboratory very kindly

offered to run the same powder on a Philips f-Iay spectrometer having

greater accuracy with respect to 2 0 and higher resolving power. His

results are siven in Table 2 column 1. The following pertinent data with
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Tl^r;l:n 2, X-nly Drrlnll.crrow pnrrenr
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x:7.28 compared to Muscovite standard.
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Tmr,r. 2-(conli,nued.)

d*r A d*r A
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regard to the measurements were supplied by Yoder:

Dry powder, -150 +250 mesh *-rayed in shallow cell mount using Philips Geiger
counter spectrometer. Copper radiation, nickel filter 25 Kv, 20 Ma, scan speed +o per
minute, time constant 4 seconds, angular aperture 1", receiving slit 0.006 inch, goni-
ometer radius 170 mm. Calibrated with silicon usins:

Plane
rlrp
220ar
3114r
4004r
331at
422ar

"24 (Cu K)
:25.654
:47 .302
:56 . r22
:69 .  130
:  / o - J / o

:88 .030

Error is approximately 0.01" 20 over region investigated, intensities subject to error
as probable result of preferred orientations in sample. Scale intensity arbitrary. Spacings
based on Cu Ko:1.5416 A in range 10o-40o 20 and on Cu K"r:1.54650 lor 40'-70' 20.

Tnnnuer ANer,ysrs Dare

Thermal curves of the antigorite from room temperature to 1000' C.
are given in Fig. 1. They show a strong endothermal peak at782"+5" C.
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and a broad shallow endothermal peak starting a little above 100o C.
The exothermal peak at 810o to 830o C. commonly reported for antigorite
is absent. The broad shallow low temperature endothermal effect prob-
ably represents the loss of HzO while the larger peak at 782o C. represents
dissociation of the antigorite structure probably with loss of its (OH).

Frc. 1. Thermal curves for antigorite DF180. Scale along top of diagram is in degrees C.

Prrvsrcer, Pnopp'nrtps

The antigorite rock is pale green in color, massive rather than foliated
and has a dull luster rather than the resinous or the waxy luster common
for serpentines. It is comparatively hard, approximately 3$ on Mohs scale.

The density determined on seven 20 milligram fragments with a Ber-
man balance using toluene averaged 2.603, 23" C/4" C. A seven gram
cube weighed in air and toluene gave a density of 2.609, 24" C/4o C.

Examination in thin section and in powders shows a well developed

{001} cleavage. The presence of a {100} parting is indicated in the p<.rw-
ders but is rarely seen in the thin sections.

The antigorite occurs in bladed aggregates. The crystals reach as much
as a millimeter in length and are generally elongated parallel to o.
There is considerable variation in grain size, some portions of the rock
being exceedingly fine-grained aggregates.

Oprrcer- Pnoppnrrrs

The indices of refraction were determined by immersion methods
using a temperature control cell on the microscope stage and sodium
light. Taking advantage of the {100} parting and {001} cleavage the
three principal indices of refraction were determined as follows with an
accuracy of *0.0005:

o
o
o
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N " : 1 . 5 6 7 0
lfu: L 5660
1r,:  1 5615

Ir,-rr,:0.0055

The optic angle was measured on the universal stage and found to be

47++l/2" with dispersion r)u moderate and sign negative.
Z is in the plane of the {001} cleavage and X is perpendicular to ihis

cleavage so far as it was possible to determine. A very slight departure

from parallel or perpendicular might be overlooked inasmuch as the

cleavage traces are not quite straight as a rule and many of the antigorite

blades have been slightly bent. The same difficulty arises in trying to

measure the crystallographic angle B which is close to 90'. Y is parallel

to the D crystallographic axis, assuming the cleavage represents {001}
and the parting {100}.

Under crossed nicols the antigorite shows anomalous interference

colors. This is one of the most distinctive features of most antigorite as

compared to chrysotile. Grains oriented so that they show moderate to

low path difierence-in the grays-have a distinctly bluish tint'

Pprnorocrclr. Dere aNo CoNcrusroNs

Antigorite has not been found in laboratory investigations of the

MgO-SiOrHzO system, hence its field of stability is not known (Bowen

and Tuttle. 1949). Two natural modes of occurrence have often been

described: (1) in dynamothermally metamorphosed ultramafic igneous

rocks; and (2) as bastite, a replacement of magnesian orthopyroxene
in serpentinized periodotites. In the latter the bulk of the rock has been

serpentinized to form chrysotile serpentine or serpophite, probably a

variety of the same mineral.
Thus far the grade of metamorphism at which chrysotile serpentine

goes to antigorite has not been determined. Smith, however, has found

chrysotile serpentinites intruded into a sedimentary sequence in the Los

Teques area, south of Caracas, Venezuela, which have suffered low grade

metamorphism without alteration to antigorite. The sediments were

originally tufis, silicified tuffs, cherts, shales and a minor amount of lime-

stone. Metamorphism altered them to phytlites with the following min-

erals characteristic: fine flakes of sericite and chlorite, recrystallized

chert now fine-grained quartz aggregates, chloritoid, minor amounts of

fine biotite locally and epidote. This assemblage represents the chlorite-

biotite subfacies of the greenschist facies. Inasmuch as the serpentinite

has been subjected to this metamorphism and has not developed antig-

orite, a higher degree of metamorphism must be required to produce the

73
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change. In the northern portion of the area mapped by Smith metamor-
phic rocks belonging to the albite-epidote amphibolite facies are found.
In these the serpentinites have been antigoritized. The rocks containing
these serpentinites have probably suffered two episodes of metamor-
phism, one preceding and theother subsequent to the intrusionof the ultra-
mafics. Whether the second stage of metamorphism was equivalent to
the albite-epidote amphibolite facies, or slightly lower in grade, cannot
be exactly determined. This places the grade at which antigoritization
takes place as above the chlorite-biotite subfacies of the greenschist
facies, but equal to or slightly less than the albite-epidote amphibole
facies.

Antigorite develops generally in rocks which have been subjected to
strong shearing stress, so far as the writers are aware. Pure thermal
metamorphism such as where basaltic magrnas intrude serpentinites does
not generally result in the development of antigorite, even up to tem-
peratures where regenerated olivine is being developed in the ultramafic
(Leech 1949). This suggests that the reaction chrysotile---+antigorite
occurs at rather low temperature but is so sluggish that ordinarily it
does not occur unless assisted by the catalytic action of shearing. Shear-
ing alone, however, is evidently not enough to produce antigoritization
or it would be found in the greenschists mentioned above. Both shearing
and a temperature higher than that at which the greenschist facies de-
velops must generally be necessary to promote this reaction even though
antigorite may well be the stable phase at the temperature of formation
of the greenschist facies. A favorable chemical environment may result
in crystallization of antigorite without shearing as indicated below in the
discussion of bastite. 

,Tun FonuauoN oF B-tsrtro

Bates and Mink (1950) postulate that chrysotile and antigorite are
morphologically analogous to endellite and kaolinite crystallizing as
tubes and plates, respectively. All of these are layered structures. In the
case of chrysotile the silicon-oxygen layer of the unit cell is slightly small-
er than the Mg(OH) 2layer thus resulting in curvature and the formation
of tubes. Bates and Mink point out that antigorite commonly contains
more AlzOs than chrysotile. The substitution of 4Al for 6Mg in a small
percentage of the structure would be sufficient to make the layers equal
in size, thus eliminating the curvature. Inasmuch as olivine is virtually
devoid of AIzOg and magnesian orthopyroxene normally contains 1.5/6
of AlzOs, the replacement of olivine by chrysotile and enstatite by bastite
(antigorite) might thus be explained. If, however, the conclusion pre-
sented in the present paper that antigorite does not have the same Mg: Si
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ratio as chrysotile, then the formation of the antigorite plates also may

be explained on other grounds. The relative increase in Si+a ions with

respect to Mg+z ions in the structure could also account for the lack of

curvature of the antigorite plates. In this case the replacement of olivine

by chrysotile and enstatite by bastite might be related to the higher

silica content of pyroxene and antigorite relative to olivine and chryso-

ti le.
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