magnetic detector, and magnetic noise
which induces both a detector and an
EEG voltage. Curious phenomena were
indeed occasionally seen, but these were
eventually understood and avoided. For
example, poor contacts between EEG
leads and the scalp resulted in 60-hz
pickup in the EEG line which influenced
the triggers with eyes open, thereby se-
lecting 60 hz magnetic subharmonics
near 10 hz to stand out on the MEG.

Figure 3 shows the course B-vector
distribution at an arbitrary phase of the
alpha cycle, averaged over 2500 cycles.
The distribution remains the same if the
upper EEG lead is moved to another
point, at about the same alpha-rhythm
potential, say the right ear. No meas-
urements have yet been made with the
inion lead moved, but one would expect
a different distribution. Such measure-
ments with resulting magnetic distribu-
tions would probably reveal information
about the internal alpha-rhythm sources,
and would be a first step in evaluating
the possible uses of the MEG.

Davip COHEN

Department of Physics,
University of Illinois at Chicago Circle,
Chicago 60680
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Krinovite, NaMg,CrSi,0,; A New Meteorite Mineral

Abstract.

An unusual new silicate, krinovite, has been discovered within

graphite nodules in three iron meteorites. Its ratio of silicon to oxygen of 3 :10
suggests a rare kind of silicate polymerization. The meteorite nodules in which
it occurs exhibit a chemical fractionation that differs from that of both stone

meteorites and terrestrial basalt.

Krinovite (kreen’-off-ite), a mineral
unknown in any terrestrial rock, occurs
as minute subhedral grains (largest ap-
proximately 200 ) disseminated within
graphite nodules in the octahedrite iron
meteorites Canyon Diablo (United
States), Wichita County (United States),
and Youndegin (Australia).

The composition (Table 1) was de-
termined by electron microprobe meth-
ods (I), and the observed variations are
given in the table. The simplified em-
pirical formula is NaMg,CrSi;O,,. The
3 : 10 ratio of silicon to oxygen suggests
a very unusual silicate polymerization
into short chains, each consisting of
three tetrahedral units in which two
oxygens are shared. This type of polym-
erization has recently been encoun-
tered by Donnay and Allmann (2) in
the rare terrestrial mineral ardennite, in
which both Si;O,, and single tetrahe-
dral SiO, units occur. More recently
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Moore and Bennett (3) established the
presence of these same polymerized
units, partially aluminous, (ALSi),SiO,,,
in the structure of the rare mineral
kornerupine. In this mineral the units
occur with the double-linked tetrahe-
dral pairs Si,O,. Krinovite may be the
first example of a mineral with purely
Si;0,, units. On the other hand, it must
be noted that the empirical formula
could be written in other ways which
suggest mixed polymerizations in well-
known ratios: NaMg,Cr(SiO,)(SiO;), or
NaMg,Cr(Si,0,)(SiO;). By multiplying
the “molecule” by integers 2, 3, and so
forth, other combinations are possible.
Single-crystal measurements (Weis-
senberg camera) indicate monoclinic
symmetry with @ = 19.48 + 0.04 A;
b, 29.18 = 0.06 A; ¢, 10.25 = 0.02 A,
and g, 103° * 2° (4). The cell dimen-
sions given here are observed in the
single-crystal pattern; however, a space

group could not be assigned because
of twinning noted in the patterns. Hence,
the true a and ¢ axes may differ from
those given. The cell chosen is, how-
ever, allowable and is the one consistent
with morphological examination. The
powder diffraction pattern (Table 2) was
not indexed because of the large size of
the cell which leads to too many ambi-
guities and multiple index assignments.

Krinovite is deep emerald green. In
sodium light « = 1.712 % 0.002; B,
1.725 * 0.002; v, 1.760 % 0.005; bi-
axial +; and 2V, 61° £ 2°, measured,
and 64°, calculated. The optic axial
plane is parallel to b. Pleochroism is
intense, X(= b) is yellow-green; Y,
blue-green; and Z, greenish black
(sometimes an anomalous dark reddish
brown). Dispersion of the refractive
indices is strong, but no optic axis dis-
persion could be detected. No cleavage
was observed. Most grains showed
multiple twinning.

The hardness is between 5.5 and 7.
Density was determined by the sink-or-
float method as 3.38 g/cm? the cal-
culated x-ray density is 3.44 g/cm3
based on Z = 32.

Approximately 50 unsuccessful at-
tempts were made to synthesize krino-
vite. Mixtures of Cr,0,, Na,SiO;, SiO,,
and MgO heated in air in platinum for
several days to several weeks at 700°
to 1400°C invariably resulted in con-
siderable oxidation of chromium with
the formation of some sodium chro-
mate. In some cases magnesiochromite
was formed. Ureyite, NaCr(SiO,), (5),
was readily formed. Similar attempts in
an argon atmosphere or in vacuum, in
both platinum and graphite crucibles,
resulted in the formation of gray-green
enamels within which spinel and uni-
dentifiable phases were dispersed.
Attempts at 25 kb and 650° to 1400°C
were unsuccessful.

Natural krinovite heated in air at
1000°C for 10 days lost its green color.
Olivine was the only phase that could
be identified among the decomposition
products. Ureyite, similarly treated, was
virtually unaffected. Natural krinovite
was also heated in vacuum for 6 days
at 1000°C and again lost its color. De-
composition products were magnesio-
chromite, cristobalite, and unidentifiable
phases. We must conclude that tempera-
tures in the whole range examined
(650° to 1400°C) are probably too high
for the stable, or metastable, formation
of krinovite.

The dominant associated minerals in
both Canyon Diablo and Wichita
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Table 1. Electron microprobe analysis * of
krinovite, determined on specimens from the
Canyon Diablo meteorite.

. Percentage
Oxide (by weight)
SiOy 48.1 +0.7
TiO, 0.5 *+0.1
Al,O3 0.6 +0.1
Cr;03 19.1 0.5
FeO 1.8 +0.04
MnO 0.1 #0.007
MgO 19.7+04
CaO 0.1 +0.01
Na,O 9.1 +0.5
K0 0.0

Total 99.1

* Analysis by E. Olsen and I. S. McCallum.

County meteorites are graphite, roed-
derite, high albite, and the amphibole
richterite. This occurrence of richterite
in Canyon Diablo marks the second
known occurrence of amphibole in a
meteorite (6). In addition, our specimen
of Canyon Diablo contains ureyite and
chromite (7). Wichita County has for-
sterite (Fo 99) but no ureyite or chro-
mite. The associated minerals in Younde-
gin have not yet been thoroughly ex-
amined.

It is clear from the empirical formula
that the simplest mineral reaction that
forms krinovite is (volumes in cubic
centimeters per mole):

NaCrSi20s + Mg2SiOs = NaMg2CrSizsO10
ureyite forsterite krinovite

63.02 43.78 110.30
AV = + 3.50 cm*/mole (at T = 298°K)

If one assumes that the sign of AV
(change in volume) remains the same at
higher temperatures, krinovite appears

Table 2. X-ray powder diffraction pattern of

krinovite.* Camera diameter, 114.59 mm;
nickel filtered; copper radiation. b, Broad.
d Intensity d Intensity
(A) (visual) (A) (visual)

7.92 60 2.281 20
7.27 50 2.186 20
6.25 40 2.165 - 10
4.75 30 2.080 70
4.62 10 2.049 60
4.130 50 1.969 50
3.949 10 1.927 10
3.713 10 1.920 10
3.639 60 1.886 20
3.412 40 1.873 20
3.104 60 1.779 10
2.934 10 1.702 40b
2.893 80 1.657 30
2.804 30 1.642 10
2.754 30 1.598 50
2.713 30 1.570 20
2.655 90 1.530 30
2.528 20 1.484 40
2.501 100 1.470 50
2.429 30 1.456 50
2.379 40 1.448 50
2.300 20

* There were 12 additional spacings to 0.8337.
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to be a low-pressure phase relative to
ureyite plus forsterite (8). In this re-
gard it is interesting that in two of the
assemblages the association is krinovite
plus ureyite (Canyon Diablo), or krino-
vite plus forsterite (Wichita County). If
krinovite results from this reaction,
differences in bulk composition would
be expected to deplete one of the re-
actants, but not necessarily both. In the
occurrences of ureyite (5, 7) no forster-
ite was reported, but in one case pyrox-
enes and quartz were found, which
suggests that the bulk composition was
too siliceous for krinovite to form. With
free silica, krinovite might be unstable
relative to pyroxenes:

NaMgeCrSizO10 +  Si02 =
krinovite silica
NaCrSi2O¢ + 2MgSiOs
ureyite pyroxene

In the case of the Wichita County
meteorite, sufficient excavation into the
main graphite nodule has taken place
to enable us to make some very rough
visual estimates of the relative volumes
occupied by each silicate phase. From
these some bulk elemental abundances
can be computed. Magnesium is about
the same as in ordinary chondrite me-
teorites and in the solar atmosphere,
but is about 4 times higher than terres-
trial basalt. Sodium, chromium, and
potassium are enriched by 4, 5, and 20
times, respectively, over the chondrites
and the sun’s atmosphere, and by 2, 20,
and 2 times, respectively, over terres-
trial basalt. On the other hand, calcium
and aluminum are depleted by 2 and 5
times, respectively, relative to chon-
drites and the sun’s atmosphere and are
depleted by 28 and 12 times below ter-
restrial basalt. Even allowing for the
large errors in these estimates, it is clear
that these small isolated silicate systems
within these iron meteorites represent
an unusual fractionation of elements
which is different from both ordinary
chondrite meteorites and the lower crust
of the earth.

Krinovite was named by us for E. L.
Krinov, noted Russian investigator of
meteorites and Scientific Secretary of
the Committee on Meteorites of the
Academy of Sciences of the U.S.S.R.
o, 10).

EDWARD OLSEN
Field Museum of Natural History,
Chicago, Illinois 60605
Lours Fucas
Chemistry Division,
Argonne National Laboratory,
Argonne, Illinois 60439
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Visual Pigment Renewal
in the Mature Frog Retina

Abstract, It has been demonstrated
by autoradiography that radioactive
amino acids serve as precursors for
proteins which are subsequently in-
corporated into retinal rod outer seg-
ment discs in mature animals. By the
isolation and purification of visual pig-
ment from retinas of adult frogs after
injection of tritiated leucine and phenyl-
alanine, it has been shown that at least
part of this labeled protein consists of
visual pigment (rhodopsin).

From autoradiographic studies, Young
(I, 2) has suggested that the outer seg-
ments of retinal rods are constantly be-
ing renewed. In rod photoreceptors of
adult rats, mice, and frogs injected
with radioactive amino acids, protein
synthesis predominates in the ergasto-
plasm of the inner segment. A major
portion of the newly formed, radio-
active protein then migrates to the
outer segment, where it is incorporated
into the basal discs of that structure.
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