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fNrRonucrroN

More than two years ago the writer made an x-ray examination of
greenalite from the iron formation of the Mesabi Range in Minnesota.
rt was noticed that the powder of greenalite gave a definite pattern on
which that of quartz was superimposed. The pattern did not resemble
chlorite (or thiiringite which is definitely a chlorite), nor biotite, nor
glauconite or stilpnomelane. Neither was any resemblance observed
between greenalite and chamosite, which gives a pattern difierent from

one of the great difficulties is the securing of specimens of greenalite
rock from which greenalite granules2 can be separated. Three drill cores
were finally found that answered the purpose. Also material identical
with that used by Jotliffe was obtained through the kindness of Dr.
c. K. Leith from the collection at Madison, wisconsin. Three dril l
cores came from the following localities and depths:
No. 131564, Depth about 550 ft. Section 24,T. Sg N., R. 17 W., near Gilbert.
No. 131568, from the same drill hole but difierent, though unknown depth. catalog

N o .  M . 3 1 5 5 .
No. 11053, Depth about 905 ft. Section 35, T. 58 N., R. 1g W., near Virginia.

Dr. Leith's specimen came from a test pit near Biwabik. Generous grants
from the Graduate School of the university of Minnesota have made
this study possible. The writer is also indebted to Mr. Russel wayland
and Mr. Samuel Goldich for valuable assistance.

Puysrcer, eNl CuBlrrcar Dere

Microscopic examination of the drill cores confirmed largely the
findings of Jolliffe in his single specimen. His "pure" isotropic gieenalite
has an index near 1.670, though many grains may be fou.rd which are
below 1.655. Such differences may be due to sub-microscopic admixtures
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of quartz. The writer is still of the same opinion, expressed ten years

ago,3 that this greenalite is not isotropic when viewed with a very strong

,orr... of light. Jollifie calls the material which is definitely anisotropic,

metagreenalite, formed "through incipient crystallization" of greenalite.

obviously this distinction is one of degree of crystallization only. The

fi.ner grained the "metagreenalite" the more closely it would resemble

"isotropic" greenalite.

Jolliffe,s 
,,mineral X" is of great interest. It has been mistaken {or

,"ii.it", also for one of the amphiboles. It also resembles talc. Its optical

properties do not fit any of these minerals completely, as Jollifie has al-

ieady pointed out. It might possibly be an iron serpentine, as will appear

tatei. et any rate, its percentage in the different greenalite rock speci-

mens is not as great as in that from Biwabik, described by Jollifie. For

example, in thin section No. 13156B, it is present in only very minor

u-oo.rtr, not exceed.ing 10 per cent. of the total volume' In No' 131564

it is practically absent. This is a very important fact for r-ray powder

photographs of these samples are identical with those of other greenalite

concentrates eliminating, therefore, mineral X as a source oI the r-ray

pattern recorded in Table 1.
The amount of quartz in greenalite rock can be estimated only very

roughly, for some of it is extremely fine grained and only visible under

high magnifications. Jollifie seems to have greatly underestimated the

qiutt" in his thin sections for he gives an average of only 5'7 percent'

by weight while his analysis shows 19.53 per cent. of "insoluble" SiOr.a

X-ray powder photographs show complete strong quattz patterns even

after a bromoform separation.
To free greenalite from quartz the material was crushed to 100 or

150 mesh and placed in bromoform. More qtartz was eliminated by

running the material through a three stage magnetic separator. But the

best method seems to be the dielectric one which also proved so success-

ful with glauconite.6 All three methods were used in succession, but only

in the sample furnished by Dr. Leith could the quartz be eliminated to

such an extent that even its strongest r-ray diffraction lines did not show

in the films. But about 5 per cent. of this sample was "mineral X,t' even

after this treatment.
In Table 1 the *-ray pattern of greenalite is compared with those of

antigorite, picrolite and precious serpentine. A striking resemblance is

noted which is even more pronounced in the actual negatives. The in-

s Gruner, J. W., Contributions to the geology of the Mesabi Range; Minnesotd' Geol'.

Sura, Bull. 19, p. 57, 1924.
4 ob. ci.t. Table 3 and p. 416.
5 Gruner, J.W., Am. Mineral., vol.2o, p' 699' 1935.
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dices which are given in the last column of the table are based on those
published for chrysotile by Warren and Bragg.6 They agree closely. No
other indices could be definitely identified. so far, for either serpentine
or greenalite, but the writer believes that line No. 29 has the indices
0120 which would make the unit cell of greenalite slightly greater than
that of serpentine along the 6-axis.

No corrections were applied to the readings in Table. 1. Therefore,
the interplanar distances d, are a trifle too small in the upper part of
the table. Not all lines have the same sharpness of definition. Fo, 

"*-ample, Nos. 12 and 17 are broad and especially No. 17 is difficult to de-
fine. Lines sharp in serpentines are also relatively sharp in greenalite.
The intensities also show good agreement when one considers that the
serpentines r-rayed are very low in iron as compared with greenalite.
This difierence also explains the discrepancies in d values which are
not any.greater than those encountered, for example, in different mem-
bers of the garnet group. Whether the B angle of the unit cell is also
affected is impossible to tell. rt may be assumed that the lines under
the same number in Table 1 originate from corresponding planes, though
this may not be true for all of them.

when Leith published his analyses of greenaliteT he assumed that the

writer recalculated Jollifie's analysis on the assumption that the insolu-
ble Sioz was quartz and obtained the figures given in column 4 of rable
2 .

ment applies to mineral X. Since nothing is said about soluble or insol-
6 Warren, B. E., and Bragg, W. L., The structure of chrysotile HaMgsSi2Os: Zeit. Krist.,

vol. 76, p. 201,1931.
z Leith, C. K., U. S. Geol,. Surtey, Monograph43, p. 10g, 1903.
8 Op. cit., pp. 416 and 417.
s Op. cit., p. 409.
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uble sioz in this analysislo it is difficult to accept his analysis as that of

mineral X.
In order to ascertain whether greenalite contains about the same

amount of FezOg at depth as at the surface, Dr' R' Ellestad analyzed

the iron in two of the diill cores for the writer with the following results'

No. 13156A
FeO 24.35
FezOe 5.39

No. i1053
31.08
11.70

No. 11053 had been treated with bromoform. Theref ore, the total percent-

age of iron is higher in it. Practically no iron oxides could be detected in

these samples. Comparison with the analysis in Table 2 will show that

the ratio of FerO, to FeO in test pit material and deep drill cores is not

materially difierent. Of great importance is the fact that No' 13156A'

as seen in thin section, contains practically no "mineral X'" Therefore'

the FezOs which Jollifiel1 assigns to mineral X must be in the greenalite'

in this specimen at least. Though no analysis was made for MgO in No'

13156A 
^its 

presence in amounts proportional to those in other greenalite

rocks is lit<ely. Obviously' it would have to be in the greenalite and not

in mineral X as JoIIifie proposes for greenalite rock in general'

DrscussroN

The chemical evidence presented favors a composition for greenalite

(including "metagreenalit;") which is very similar to that proposed try

Leith and Clark in 1903. The molecular ratios presented in Table 2

seem to agree well with a formula which given in oxide form is:12
gFeO FezOa' 8SiOr' 8H2O.

The theoretical composition and molecular ratios of such a formula are

recorded in the last column of Table 2. A serpentine whose magnesium

was replaced by iron would correspond to this formula' Ordinarily iron

in serpentine is largely ferrous but Doelter's Hand'buch d'er Minerol'

chemiers contains a number of reliable analyses in which Fe2o3 may be

as high as 8 per cent.
Theou ts tand ing fac t i n thep resen t i nves t i ga t i on i s tha tg reena l i t e '

when properly concentrated, gives an fi-ray powder diagram which indi-

cates that it is like serpentine in structure. Its unit cell when compared

with serpentine gives almost the same dimensions for os and b6, namely

14.5 A utta tS.O-6, respectively' If ca corresponds to that of chrysotile'

to OP. cit., P. 416.
1\  OP. c i | . ,p.423.
12 The very high Fezos content in the first two analyses of Table 2 seems.to be partly

due to iron oxide minerals in the two sarnples judging from Leith's description' Op' cit,

p.  109.
13 Vol. 2, 2nd Helf., p. 385.
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the theoretical density of greenalite is 3.25, on the assumption that 2
molecules of (OH)rzFeelrFe2ulsiso2z 2H2O are contained in it. Since

be accidental but must be due to very special conditions. The almost

A serpentine structure with such an abundance of iron might be
rather metastable, especially in its earry stages of deposition. slight
changes in conditions might cause it to break down into iron oxides

Sulrnranv

Four samples of greenalite rock from the iron formation of the Mesabi

Greenalite is a distinct mineral species which has the crystal structure
of such serpentines as antigorite and precious serpentine. These, how-
ever' are somewhat different in structure from the fibrous varieties. The

1{ Gruner, J. W., Contribution to the geology of the Mesabi Range: Minnesota Geol.
Sura., Bull. 19, pp. 7O-17, 1924.



454 THE AMERICAN MINERALOGIST

sition is 3.25. Tt is believed that greenalite appears to be isotropic be-

percentages of Sioz instead of discarding the insoluble portion as quartz

as was done by Leith.

T.lsr-a l. Cou.r.tnrson ol Powoon Pnotocne.pns ol GnerN'a'ttrr 'lNo \r'qntous
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Greenalite! Antigoritez Picrolites
Precious

Serpentinea Indices
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1

1000

1 .31 .5
1 . 2 9 8
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1 . 2 4 6
1 . 1 9 4

0 5
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I Dr Leith's specimen.
2 Antigorio Valley, Italy.
3 Chester, Mass.
a Montville, N. J.

Tasln 2. Alrer,vsos or GnnrNerrrr, Rocx Excr,usrvn or. INsorusm SiOo

45758* 45765* 45766* Jollifiet
Iron

Serpentine

Ratio

.633

.052

.648

sio,
FezOr
FeO
FIzO

30.08
34 85
25 72
9 . 3 5

.501

.218

.357

. 5 1 9

30 49
2 3 . 5 2
36.92
9 . O 7

.508
147

. 5 1 3
503

3 8 . 0 0
8 . 4 0

46. 56
7 .04

100.00

.391

35.92
9 . 8 0

46.16
8 1 1

Ratio

.598
061

.643

.450

Ratio

. s59

.070

.629

. .).)9

Total 100.00 100.00

3 3 . 5 8
1 1 . 1 6
45.19
10.o7

99.99 100.00

* Leith, C. K., Op. cit., p. 246.
t cor was combined with a corresponding amount of Feo and deducted. Mno, Mgo,

and cao were recalculated into their equivalents of Feo. Therefore, the treatment of this
analysis corresponds to those of Leith,s


