detailed information as possible are
clearly needed, but unfortunately they
are not easily obtainable. Direct spectra
have been obtained by Kozyrev (5),
Spinrad (6), Dubois (7), and others,
and spectrophotometric records have
been obtained by Grainger and Ring
(8). Kozyrev identified carbon bands
and H,* in emission, and unidenti-
fied emission features were recorded
by Spinrad, and Grainger and Ring.
Kozyrev has held to an explanation
by outgassing or lunar volcanism, and
his identification of carbon is of great
interest in connection with the presence
of dark areas in our second class of
sites. and in the black-halo craters.
Spinrad, and Grainger and Ring tenta-
tively attributed their anomalies to
luminescence, although both stated that
all external sources of energy (such
as solar particles and cosmic rays) are
inadequate by orders of magnitude to
produce the observed effects. Notably,
however, Scarfe’s, Spinrad’s, and Grain-
ger and Ring’s observations, and one
of Kozyrev’s, were made within 2 days
of perigee, at a time when the recorded
events have occurred most frequent-
ly; this period and a corresponding
period around apogee seem to be the
most favorable for recording spectra of
events. Another Kozyrev observation
was made near apogee; two more, at
intermediate dates. The lunar sites in-
dicated by their records, where known,
consistently fall into the same three
classes (ray craters, ring plains, and
craters on the borders of the regular
maria) as do the historical events.

Table 1 lists sites in order of - fre-
quency of events. It is difficult to assess
the recovery rate, either total or for
any given site, since the rate must be
very strongly affected by observational
selection and by other factors. For ex-
ample, the size of the aperture used
controlled the size of the field. Instru-
ments with large mirrors of good re-
flectivity demand high magnification
for comfortable viewing, with conse-
quent reduction of the field of view.
Thus it is not surprising that very few
20th-century records deal with events
on the dark side (about six, compared
with more than 40 before 1900 for a
comparable number of records); most
lunar observers are interested primarily
in the details on the illuminated side
that are thrown into relief by shadows.

Our catalogue (I) lists no events
between 1800 and 1821, and only one
earlier record outside Europe is known
to us (New England, 1668); Europe
was then unsettled by the Napoleonic
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wars. Numbers of events recorded have
recently increased considerably; about
24 have been listed during 1965 and
1966. So far as we know, the Gassendi
events of April and May 1966 were not

seen anywhere in the United States al-

though they were well confirmed in
Britain—more probably because Amer-
ican observers then happened to be
looking elsewhere on Moon than be-
cause no activity occurred in Gassendi
while Moon was visible in the United
States. A round-the-clock watch, sub-
ject to weather conditions, is now
possible as observers in Japan, Aus-
tralia, Europe, and America are in-
terested, and the frequency of re-
corded events probably will be even
higher than the average of two per
month during 1965 and 1966.

Only one instance of an event oc-
curring in the uplands has been re-
ported (Hammes, 1878); so many de-
tails in the report proved to be false
or dubious that we rejected it as a
fabrication. Otherwise, the sites re-
corded visually, and those indicated by
the few spectra and other permanent
records, fall consistently into the three

" classes mentioned, and we believe that

the results of this analysis are un-
doubtedly significant. We consider
that the topographical distribution of
sites that we have - discussed supports
the conclusion that most lunar transient
events result from internal causes —
possibly of volcanic nature. Other evi-
dence in favor of internal activity has
been presented elsewhere (9).

Our finding may be open to some
criticism because we used many old
records. On the other hand, nearly all
of the early observers are known to
have been scientists of integrity. Mod-
ern reports are coming in with greater
frequency as a result of the Moon
Blink and other programs, and it will be
interesting to see whether the new data
support the hypothesis of internal
activity.

BARBARA M. MIDDLEHURST
Lunar and Planetary Laboratory,
University of Arizona, Tucson
PAaTRICK A. MOORE
Armagh Planetarium,
Northern Ireland
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Niningerite: A New Meteoritic
Sulfide

Abstract. Niningerite, a new meteor-
itic sulfide ranging in composition from
(Feo19Mgo.66Mng.1,Ca4.00:CF.002)S 1O
(Feo.52M8o.53Mng 06Cay.06CT0.05ZR0.004)S,
from the type-lI enstatite chondrites
Abee, Saint Sauveur, Adhi-Kot, In-
darch, St. Mark’s, and Kota-Kota, is
described. It is named in honor of H. H.
Nininger.

During a systematic study of the en-
statite chondrites (I) it was found that
the highly recrystallized type-1I enstatite
chondrites Jajh deh Kot Lalu, Huvittis,
Atlanta, Pillistfer, Ufana, Blithfield,
Khairpur, and Daniel’s Kuil (Fig. 1,
7-14, respectively) contain ferroan ala-
bandite (2), whereas the less—extensively
metamorphosed type-I enstatite chon-
drites Abee, Saint Sauveur, Adhi-Kot,
Indarch, St: Mark’s, and Kota-Kota
(Fig. 1, 1-6, respectively) contain a
cubic iron-magnesium-manganese sul-
fide that is compositionally quite distinct

MgS (+Cas +Crs+2ns)
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Fig. 1. Compositions (mole percent) of
niningerite (points 1-6), ferroan alaban-
dite (points 7-15), and ferromagnesian
alabandite (point 16) plotted in a MnS-
FeS-MgS (+CaS-+CrS-+4ZnS) concentra-
tion triangle. Points 1-6 correspond to
type-1 enstatite chondrites Abee, Saint
Sauveur, Adhi-Kot, Indarch, St. Mark’s,
and Kota-Kota, respectively; points 7-14
correspond to the type-II enstatite chon-
drites Jajh deh Kot Lalu, Hvittis, Atlanta,
Pillistfer, Ufana, Blithfield, Khairpur, and
Daniel’s Kuil, respectively; points 15 and
16 correspond to the enstatite achondrites
Pesyanoe and Norton County, respectively.
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Fig. 2. Niningerite (N) closely intergrown with kamacite (NiFe) and troilite (Tr);
matrix is enstatite. Reflected plane polarized light.

from not only ferroan alabandite but
also any terrestrial sulfide heretofore
described. We propose the new mineral
name niningerite (3) for this sulfide and
now report the results of a composi-
tional study of niningerite in the six
type-I enstatite chondrites.

With regard to the identification and
composition of meteoritic alabandite-
type minerals, some confusion appears
to exist in the literature. Such a phase
was first reported by Dawson et al. (4)
who claimed to have identified “ala-
bandite” (MnS) in Abee by x-ray dif-
fraction techniques; Ramdohr (5) later
questioned this determination, pointing
out that the mineral is unlike terrestrial
alabandite or ferroan alabandite and is
probably a new “complex Fe-Mg-Mn-

Ca-sulfide with NaCl structure.” Our
results confirm Ramdohr’s findings (5)
and show that the original identification
was incorrect. Furthermore, Dawson
et al. (4) appear to have confused the
mineral with oldhamite (CaS), for the
mineral labeled oldhamite by them
[fig. 5(b)] is most probably not CaS but
niningerite. Shortly after the work of
Dawson et al. (4), magnesium sulfide
(MgS) was reported by Du Fresne and
Anders (6) as a new but unnamed min-
eral from the Pesyanoe enstatite achon-
drite on the basis of data obtained by
x-ray diffraction and optical-emission
spectroscopy. Our analyses of their
original material (7) and of other samples
of Pesyanoe (8) reveal, however, that the
compound is not MgS but an iron-bear-

ing variety of alabandite of the com-
position (Mg ssFeg.23Mgo.05Ca0.009Cr-
0.00:)S (Fig. 1, 15; compare 1). This
finding confirms the earlier work of Yu-
din and Smishlaev (9), and the mineral
is therefore properly termed ferroan ala-
bandite. The new mineral we describe
was first analyzed by Fredriksson and
Wickman; in a footnote in a little-known
paper (/0) they report an approximate
composition of the compound from St.
Mark’s enstatite chondrite; they did not,
however, pursue study of this phase.

The results of our study of nininger-
ite may be summarized as follows: It
is opaque in thin sections, gray in re-
flected light, and intimately intergrown
with metallic nickel-iron and troilite; it
is isotropic in reflected polarized light.
Niningerite occasionally contains ori-
ented exsolution lamellae of troilite, and
in a few instances it encloses minute
droplets of metallic nickel-iron. All
meteorites studied but Abee contain less
than 5 percent niningerite by weight; in
Abee the concentration varies consider-
ably from section to section; one section
contained 14 percent by weight.

For quantitative electron-microprobe
analysis, 7 to 20 inclusion-free grains
of niningerite were selected microscopi-
cally in carbon-coated polished sections;
at least ten spot analyses were per-
formed on each grain by moving it in
steps of 4 p under the fixed electron
beam, and recording the x-ray intensi-
ties after each step. Analyses were
carried out by use of wet—chemically
analyzed FeS.,, ZnS, MgSiO,, andesine,
chromite, and pure Mn standards.
Intensity readings were corrected for
drift, wavelength shift, detector and
amplifier dead-time, background, mass
absorption, fluorescence, and atomic
number (for details of the method, see
7). Precision of the measurements was

Table 1. Niningerite: Composition determined by electron-microprobe analysis, calculated density, and lattice parameter; n.d., not determined.

Meteorite, Grains Composition (% by weight) ;:rt;i;e_ Cale.
. No. lyzed Mg S Ca Cr Mn Fe Zn Total ~ ter ((;?lsr:“y)
(No.) (&)
Abee, 1 20 (BIS16) (405414) (234366) (16h204) (161426) (356.382) (029.040) 9740 51T 368
CSaweu,2 15 (1059146) (415433 (225291) (L69196) (341454 (4036 N 935 Sl6 359
AdNKOL3 14 (05T (q170400) (LST228) (12.906) (63.76) (idvisay M 913 nd 36
Indarch, 4 T (750193) (418.435) (L1942 (146309 (6170) (esaws) M 914 518 33s
StMarks S 10 )00 (13 404) (040-069) (032051) (1050129) (1sSisay  mA 943 s1T 327
KotwKota, 6 10 (0800 ) 4% e) (0282057 (010-017) (98-124) (128.099)  nd 9813 nd 3210

* A lattice parameter of 5.17 A was assumed.
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Table 2. Niningerite: Metal:sulfur ratios (atomic proportions), and formulas on the basis of

one sulfur.
Meteorite, Metal:sulfur Formula

No.
Abee, 1 0.991 (Feo.52MEg. 5sMny o6 Cag, 06Cro. 0321, 001) S
Saint Sauveur, 2 1.010 (Feo.4a:Mg,. 10Mny ;Ca,. :Cro.03) S
Adhi-Kot, 3 0.973 (Fey. Mg, 36Mn, 10Cay.0,Cro.03) S
Indarch, 4 1.047 (Fe.3,Mgg 5:Mng.0sCay 0:Cr.02) S
St. Mark’s, 5 0.993 (Feqg.20M8o. Mg 15Cag.600Cro.005) S
Kota-Kota, 6 1.005 (Feo.10Mgo.06Mn,146C86.00:Cro.002) S

=+ 1 percent; accuracy, = 3 to 5 per-
cent of the amount present, depending
on the element and its concentration.
Because of such high precision, we con-
sidered it worthwhile for comparative
purposes to report the data to three
significant figures, even though the ac-
curacy may not be better than = 5 per-
cent.

Table 1 lists averages and ranges in
the composition of niningerite in each
meteorite in order of decreasing iron
content. Obviously, composition varies
appreciably between meteorites—from
(Feo.5:Mgo.3:Mny 06Cag.06Crg.05Z00,004)S
in Abee to (Fey1,Mgy ¢sMn, 1,Ca oo
Cry.002)S in Kota-Kota. The elements
Ca and Cr follow Fe, increasing with
increase in Fe, while Mn and Mg de-
crease with increase in Fe. Sulfur con-
tent also decreases with increasing Fe
because FeS has less S than either MnS
or MgS. Furthermore, appreciable dif-
ferences in composition are sometimes
observed between different grains of
the mineral in one meteorite (Tables
1 and 2), a situation that markedly con-
trasts with the homogeneity of the in-
dividual mineral grains. Variations in
composition within any one grain
usually do not exceed the degree of
accuracy of the measurements.

Regarding x-ray diffraction, attempts

. to separate niningerite in the pure state,
using heavy media, failed because of
the intimate association of the mineral
with metallic nickel-iron and troilite
(Fig. 2); magnetic separation failed for
the same reason. Accordingly the min-
eral was subjected to x-ray analysis in
situ by use of the following procedure:
The polished, niningerite-bearing, plas-
tic-mounted samples of meteorite used
for electron-microprobe analysis were
clamped into the sample holder of a
Philips-Norelco diffractometer in such
a way that the polished surfaces of the
meteorites intercepted the x-rays as
would smears on glass slides. Finely
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ground silicon, sprinkled on the sur-
faces of the meteorites, served as the
“internal” standard, and chart and
scanning speeds were set, respectively,
at 5 cm/min and %4 ° 24/min.
Within the 28° to 51° 24 range, the
two most intense reflections correspond-
ing to niningerite were weakly devel-
oped but distinguishable from peaks
due to other minerals: their d-spacings
(Abee niningerite), together with indices
based on assumption of similarity in
structure to alabandite, are 2.584 A (200)
and 1.829 A (220) (/1). Cell edges,
calculated from these reflections, are
listed in Table 1; because only the two
peaks were available, the lattice param-
eters are considered no more accurate
than = 0.02 A. The values do not vary
within the assigned range of error of
determination, and the average value
(5.17 A) is just less than the cell edge
of alabandite (5.22 A). Calculated den-
sities show an appreciable range, how-
ever, because, depending on the extent
to which lighter magnesium and heavier
iron cations have taken each other’s

iad

place in the structure, the molecular
weights of the six examples of nininger-
ite vary considerably.

The possible origin of this mineral
and the complex mineral assemblage
present in enstatite chondrites are dis-
cussed elsewhere (7).

Kraus KEIL
K. G. SNETSINGER
Space Sciences Division, National
Aeronautics and Space Administration,
Ames Research Center,
Moffett Field, California
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Digital Model of Evaporite Sedimentation

Abstract. A deterministic digital model to simulate evaporite sedimentation per-
mits experimentation with depth of water, shape of salt basin, number, position,
and strength of the inlets, and rate of evaporation. It provides a reasonable fit to
salt thickness and distribution in the Upper Silurian Salina Formation of Michigan.

Evaporite rocks, salts of the more
soluble ions in seawater, are deposited
when seawater becomes concentrated
by excess evaporation in marginal ba-
sins having restricted circulation with
the open sea. The simple conceptual
model of an evaporite basin (Fig. 1)
has a bar or reef near the mouth of
its single inlet which restricts circula-
tion with the sea.

As the oceanic water flows from the
inlet into the basin it tends to form

a thin layer of brine that spreads over
the surface of the basinal brine, and,
as it does, the salt concentration in
the surface layer gradually increases
because of the continued evaporation
of the water. When the solubility prod-
ucts of the salts in the surface layer
are exceeded, the salts precipitate and
settle to the bottom of the basin. The
order of precipitation of the salts fol-
lows the order of least solubility. Nor-
mally the carbonates separate first,
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