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Fig. 2. Infrared spectra of spawning inhibitor obtained from Asterina testis (A) and of

L-glutamic acid (B) in Nujol.

hydrolysis, revealed that the sample was
pure and contained nothing but glu-
tamic acid.

This identification was next checked
by comparison of the sample with au-
thentic L-glutamic acid. Amino acid-
autoanalyzer diagrams of the sample
and of the sample mixed with standard
L-glutamic acid both showed single
peaks at the same position. The in-
frared-absorption spectrum (Fig. 2) and
the nuclear magnetic resonance spec-
trum of the sample were in good agree-
ment with those of the authentic L-
glutamic acid. Both sample and stand-
ard showed the same optical rotation:
[alp, +29° (6N HCI, 25°C). All these
results clearly showed that the purified
sample was L-glutamic acid.

Furthermore biological assay of the
authentic L-glutamic acid revealed that
5 to 50 pg/ml effectively inhibited the
activity of 20 ug of lyophilized nerve
per milliliter in inducing spawning. This
activity corresponded well with that
of the purified sample. The effective-
ness of amino acids other than glutamic
acid was also examined by use of the
following 18 amino acids: glycine,
alanine, serine, cystein, threonine, va-
line, methionine, leucine, isoleucine,
phenylalanine, tyrosine,
droxyproline, trytophane, aspartic acid,
arginine, lysine, and histidine. Ovarian
fragments of A. pectinifera were placed
in sea water containing each of these
amino acids at a concentration of 10—2
M together with nerve extract (20
pg/ml), and the degree of spawning was
observed. None of the amino acids
except aspartic acid had inhibitive ef-
fect (the inhibitive activity of aspartic
acid was less than 10 percent of that
of glutamic acid).

Finally determination with the amino
acid autoanalyzer of the contents of
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proline, hy--

free amino acids in the acetone pow-
der of testis material of A. pectinifera,
by use of a trichloroacetic acid extract
(7), showed that 4.9 ug of glutamic
acid and 0.2 pg of aspartic acid were
present in 1 mg of the acetone powder.
Inhibition of spawning by testis extract
(2.5 to 10 mg of dry tissue per milli-
liter) can therefore be explained by
the inhibitive action of glutamic acid
contained in the testis. Although free
aspartic acid also is present in starfish
gonad as we have explained, its low con-
tent and its low activity in inhibiting
spawning suggest that the representative
inhibitor of spawning in the testis of
A. pectinifera is L-glutamic acid. Con-
sidering the normal proportion by
weight of testis to radial nerve (about
90 : 1) in a starfish, only a part of the
glutamic acid present in the gonad

seems to act as an inhibitor of spawn-
ing under natural conditions. The mech-
anism of this inhibition remains un-
known.
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Staurolite: Sectoral Compositional Variations

Abstract. Electron-microprobe analyses across six successive sections of a
single staurolite crystal show that the staurolite has three crystallographically
control]ed sectors, each with a distinctive content of Al, Si, Ti, Fe, Mg, and Mn.
The sector distribution of elements raises the question of whether the staurolite
acts as one or several phases during growth. Total analyses of the separate sectors
suggest that: (i) the staurolite has tetrahedral Al substitution for Si, and (ii) the

hydroxyl content varies beween sectors.

Electron-microprobe analyses of stau-
rolite from the Kwoiek area, Brit-
ish, Columbia, indicate that the indi-
vidual staurolite crystals have marked-
ly different compositions between sec-
tors, which result from growth in dif-
ferent crystallographic directions; the
compositions within any one sector are
relatively homogeneous. This finding
contrasts with compositional zoning
patterns of garnet from the same rocks,
which can be interpreted in terms of

a depletion model (I). Both minerals
are from the assemblage chlorite-
garnet-biotite-staurolite-ilmenite-quartz-
plagioclase-graphite.

The volumes of the several sectors
are defined by chiastolite-type patterns
of inclusions, often described in stau-
rolite (2). Figure 1, modified from
Harker (2), illustrates in three dimen-
sions the sectors in staurolite that have
the crystallographic forms (010), (110),
and (001). In the following discussion,
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Fig. 1. Schematic drawing (2) illustrating
geometry of sectors in Kwoiek-area stau-
rolite. Numbers 1 to 6 refer to approxi-
mate positions of thin sections A to F of
Fig. 2. Sections 1 and 6 are about 4 mm
apart.
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the sectors are named by the zone axis
symbol for the presumed growth direc-
tion of the sector. Figure 1 shows that
there are two symmetric [001] sec-
tors, two [010] sectors, and four
[110] sectors. Two other distinctive
sectors, labeled [010)’, are also present;
the [010) sector grew after [110]
and [001] growth had ceased. The
sector boundaries are defined optically
by tiny quartz rods extending parallel
to the presumed growth direction, nor-
mal to the sector’s crystallographic
face, and with bases on the plane be-
tween sectors; the staurolite of the
Kwoiek area has less than 1 percent
of these quartz inclusions. Regions of

continuous staurolite can be traced op- .

tically from one sector to another,
around the quartz inclusions.

The [110] and [001] sectors have the
pleochroic formula X = Y = very pale
yellow, Z = pale yellow; the [010] sec-
tor has the pleochroic formula X =
yellow, Y = pale yellow, Z = golden
yellow. The color differences between
the sectors permit easy identification of
crystallographic directions, even in thin
sections cut obliquely to the staurolite
c-axis.

For study of the compositional varia-
tions in three dimensions, six polished
thin sections were cut nearly normal

Fig. 2. Six successive thin sections of a single staurolite crystal; plane-polarized light.
Note lines of inclusions marking sector boundaries. The positions of the electron-
microprobe traverses of Fig. 3 are shown in section E. Crystals besides the staurolite

crystal are garnets; Q, quartz.
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to the c-axis of a single staurolite grain.
The approximate locations of the six
polished sections with respect to the
staurolite crystal form are shown in
Fig. 1; the distance between the first
and sixth is less than 4 mm. Section A
of the six sections (Fig. 2), cut near
the end of the crystal and about 50
percent quartz, illustrates a phenome-
non observed in other staurolite of the
same hand specimen: the sector [001]
is commonly anhedral against quartz.
Figure 3a shows the variation in
composition of the sectors [010] and
[001] for SiO., Al;0; TiO,, Cr,04,
MgO, FeO, and MnO (traverse 1, sec-
tion E, Fig. 2). Figure 3b shows the
compositional variations of the sectors
[110] and [001] for SiO,, AlLO,,
TiO,, MgO, and FeO (traverse 2, sec-
tion E, Fig. 2). Not shown is ZnO,
which is nearly constant for all points
of all sectors at about 0.2 percent by
weight. Chromium was detected only
at the edge of [010], in the sector
labeled [010)’ in Fig. 1. Similar profiles
were made for the other five sections,
and the position of the discontinuous
changes of concentration is always at
the boundary between sectors. The rela-
tive changes of concentrations of the
elements across the sector boundaries,
and the concentrations of the elements
in each sector, are nearly constant
throughout the crystal. A profile along
the c-axis of another staurolite from the
same rock shows that Al, Si, and Ti
are constant from the center to about
200 « from the staurolite edge, where
Al declines and Ti and Si rise slightly
as one approaches the edge. The change
in Mg is about the same along [001]
as it is in [010] and [110] (Fig. 3).
Table 1 shows total analyses for the
points indicated in Fig. 3; the analyses
are based on the correction factors of
Bence and Albee (3). Wavelength pro-
files, made at selected points of the
staurolite  crystal, revealed minor
amounts of Zn and Cr, but unusual
concentrations of other elements were
not discovered. The formula accepted
by Deer et al.- (4), that of Naray-
Szabé and Sasvari (5), contains 30
cations (excluding H*) in the unit cell.
The formulas of Table 1, calculated on
the basis of 30 cations, yield summa-
tions of cations, for each of the three
positions, that closely approach the
ideal. Clearly indicated in the formulas
is tetrahedral substitution of Al for Si,
creating a positive charge deficiency
in [001]. One way of balancing the
charge discrepancy is by postulating
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deficient (OH)~ in [001] relative to
[010] and [110]. The higher anhydrous
total of [001], relative to [110] and
[010], lends support to this hypothesis.

The observed pleochroic differences
between the sectors are most probably
due to either Ti3+ or Fe3+ preferen-
tially concentrated in the [010] sec-
tor. Differences in concentration of Ti
alone could not account for the color
differences because there is as much
Ti at the edge of [110] as in [010]
(Fig. 3); but there is no color zonation
within [110]. Recent data (6) sug-
gest that Ti®+ is the coloring element
in kyanite, and the similarity in crystal
structure of staurolite to kyanite (5)
indicates that positive evidence for the
presence of Ti3+ should be sought in
staurolite. The formulas shown in Ta-
ble 1 do not indicate significant dif-
ferences in Fe3+ between sectors, but
the exact amount of Fe3+ in each
sector cannot yet be determined ana-
Iytically.

The cell dimensions of both the
[010] and [001] sectors are identi-
cal within the limits of error: a, 7.89
=+ 0.01 A; b, 16.62 = 0.02 A; and ¢,
5.65 = 0.02 A. These values fall with-
in the range given by Deer et al. (4, 7).

The most important aspect of the
compositional variations of the stauro-
lite is the petrologic implication of
crystallographic control of composition.
The different compositions of the sec-
tors of the Kwoiek-area staurolite are
related to growth directions in the stau-
rolite, and presumably are related to
the different atomic configurations of
each growing face. If the phenomenon
is governed by surface equilibrium
processes, one would expect that stau-
rolite from other localities, having the
same morphology, would have similar
variations in sectoral composition; or
staurolite lacking variations in sectoral
composition would be expected to have
a different morphology, with minimal
differences of surface energy between
faces. Also, if the process leading to
variations in sectoral composition were
an equilibrium process, one would ex-
pect the distribution of elements be-
tween sectors, for elements occupying
similar atomic sites, to be the same
for all staurolite of one outcrop and to
vary systematically with metamorphic
grade. The answers to these predic-
tions of equilibrium remain unknown.

An alternate hypothesis, which does
not depend on thermodynamic equi-
librium, is that the rate of growth of
staurolite may affect the staurolite com-
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position. From the inequidimensional
form of the staurolite it is clear that
the crystal grew at different rates in dif-
ferent crystallographic directions. The
biggest chemical difference is between
the [010] and [110] sectors and
the [001] sector, -correlating with
the greatest difference of sector growth
rates. The facts that the faster growing

sector, [001], contains more Al than
is reported from staurolite analyses, and
that it contains a greater amount of
tetrahedral Al than the slower growing
sectors, lends weight to the hypothesis
of kinetic control of composition. If
kinetic control is important, the faster
a mineral, or sector of a mineral,
grew, the more its composition would
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Fig. 3. (a) Variations of the elements Si, Ti, Cr, Mg, Fe, and Mn along traverse

1 ([010]-[001]-[010)), section E of Fig. 2.

(b) Variations of the elements Si, Al,

Ti, Mg, and Fe along traverse 2 ([110]-[001]-[110]), section E of Fig. 2. Electron-beam
diameter is less than 2 u; analysis interval is 10 u. Vertical scales are based on total
analyses at nine points, three of which (/-3) are in Table 1.
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Table 1. Results of analyses of staurolite.

Compo- 1 2 3
nent; ion [001] [010] [110]
SiO: 25.96 27.66 27.50
TiOz 0.32 0.64 0.46
Al0s 55.93 53.57 53.82
FeO 14.07 13.98 13.84
ZnO 0.2 0.2 0.2
MnO 19 17 .16
MgO 1.99 211 2.13
Anhydrous totals
98.66 98.33 98.11
Numbers of ions on the basis of 30 cations
Si 7.27 7.80 1.76
Al 073 % 800 420 % 8.00 0.24} 8.00
Al 17.72 17.60 17.66
Ti 0.07  18.00 0‘14} 18.01 0.10, 18.00
Fe®+ 21 27 24
Fe* 3,09 3.03 3.02
Mg 0.83 0.89 0.89
Mr 05 4.01 04 4.00 ‘04 3.99
n .04 .04 ©.04

be expected to differ from an “equi-
librium composition.” As the Kwoiek
area is one of contact metamorphism
related to the Coast Range Batholith,

it is reasonable to presume that the’

metamorphic event took place during
a brief period relative to regional meta-
morphic events. The concept of kinetic
control of composition is not unknown
in synthesis experiments (8); it may
be an important process in the govern-
ing of compositions of metamorphic
minerals.

The zoning in Mg within individual
sectors probably reflects changes in the
physical conditions of the environment,
because the behavior of Mg is nearly
the same in all three sectors, rather
than being a growth-rate phenomenon.
If the crystal grew under conditions
of increasing temperature, which possi-
bility is reasonable, an implication of
the Mg =zoning pattern is that the
Mg : Fe ratio of the staurolite decreases,
in the assemblage chlorite-biotite-garnet-
staurolite, with increase in tempera-
ture.

The region marked [010] in Fig.
3 typically has a high concentration
of graphite inclusions, is added to the
[010] region without a concurrent
growth in the [110] or [001] sec-
tors, and has 0.05 percent Cr,O5. The
[010] sector is present in its en-
tirety on only one side of the profile
of Fig. 3, being partially resorbed from
the other side, and it has an anomalous-
ly low content of Mg; it is not appar-
ent in Fig. 2 because it blends optically
with the background. Petrologic expla-
nation of this phenomenon remains
speculative. It may be that depletion
of other elements in the pore fluid in-
creased the chemical activity of Cr in

1056

the pore fluid to such an extent that
it could go into staurolite in the last
stage of staurolite growth.

Other minerals that have formed dur-
ing the process of metamorphic recrys-
tallization and that exhibit sector zon-
ing are andalusite and kyanite. White
and White (6), without apparently rec-
ognizing the sector distribution pattern
of Ti in kyanite, nevertheless presented
oral evidence that Ti can be sectorally
zoned in kyanite. Andalusite of the
Kwoiek area shows differences of bi-
refringence between crystallographic
sectors. The lower birefringent sector,
[001], contains 1.05 percent Fe,O,,
0.12 percent TiO,, and 0.70 percent
MgO. The higher birefringent sectors,
[100] and [010], contain 0.28 per-
cent Fe,O4, 0.04 percent TiO,, and
0.08 percent MgO. These data are con-
sistent with those of Chinner et al.
(9), who recognized similar composi-
tional variations correlating with the
birefringent differences, but apparently
did not recognize the sectoral signifi-
cance.

LincoLN S. HOLLISTER
Department of Geology, University of
California, Los Angeles 90024
A. E. BENCE
Division of Geological Sciences,
California Institute of
Technology, Pasadena 91109
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Hemoglobin Variants in Koreans:
Hemoglobin G Taegu

Abstract. Hemoglobin G Taegu, an
electrophoretically slow  hemoglobin
with a structural anomaly believed to
be in the B-T-3 section of the beta chain,
was the only variant found among 6700
normal Koreans. Four subjects, 0.06
percent, had the G-hemoglobin variant
in addition to normal hemoglobin A.
Hemoglobin E, known in numerous
groups from Southeast Asia and the
variant most frequently seen in Chinese
subjects, was not found among the
Koreans we tested.

During the past decade numerous
Asian ethnic groups have been surveyed
for hemoglobin variants. Although most
studies have involved insufficient num-
bers of subjects, it has been clearly
demonstrated that the Asian groups
differ markedly from each other with
respect to the variety and incidence of
the variants. From our preliminary
studies reported here it appears that
Korean people have a low incidence
of hemoglobin variants.

So far we have studied 6700 Ko-
reans, 4841 males and 1859 females,
all presumably normal and healthy. Our
first samples of blood were obtained
from 2110 male members of the army
of the Republic of Korea stationed
near Taegu, Korea (I); recently, 4590
additional blood samples were obtained
from school children and university
students of both sexes in the vicinity
of Seoul. Blood samples were collected
by finger prick into merthiolate-treated
capillary tubes and were allowed to
clot. The samples were maintained un-
der refrigeration until returned by air
to Taipei for -analysis. Hemolysates
were made from the clots (2) and were
analyzed by the Smithies vertical
starch-gel method (3) with the tris-
ethylenediaminetetraacetate-borate buf-
fer system at pH 8.9 (4).

One male in the initial group of 2110
subjects and two males and one female
in the second group of 4590 subjects
were found to have a slow hemoglobin
in addition to normal hemoglobin A. In
all four subjects the slow component
migrated at a rate characteristic of the
G hemoglobins. The overall incidence
of the variant in the present group of
Koreans was low—4 in 6700 or 0.06
percent.

Studies of structure are in progress
on the G hemoglobin from the blood
of our initial subject found in Taegu
(7). Special studies [by urea-dissocia-
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