Meteorite kall at Pueblito de Allende,
Chihuahua, Mexico: Preliminary Information

Abstract. Specimens from the meteorite fall at 1:05 a.m., on 8 February 1969
at Pueblito de Allende, Chihuahua, Mexico, have been recovered. The meteorite
is a chondrite (C3 and C4) with both opaque and microcrystalline matrices.
Specimens were brought to a low background gamma counter less than 4% days
after the fall, and gamma rays from short-lived isotopes have been observed.

An intensely bright, blue-white bolide
was observed over Chihuahua, Mexico,
in the early morning of 8 February
1969. The tight from this object was
observed as far north as southern Ari-
z0na, was very bright over Chihuahua
City, and was seen and heard in many
small cities and villages to the south.
The bolide broke into many pieces in
the air near the town of Pueblito de
Allende (a village approximately 30
km east of Hidalgo del Parral) at ap-
proximately 1:05 a.m. Telephone calls
to the offices of the Correo del Parral
on the morning of 10 February re-

Fig. 1. Typical textures in the Pueblito de Allend:
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pereent ol o single subrounded stoie
that was completely covered with fusion
crust. The 1259-g specimen from Ran-
cho Blanco is a complete, slightly
elongate, rounded individual covered
with fusion crust. All other specimens
are fragments of larger individuals, but
most have fusion crust on at least one
surface. Eight other specimens were
seen but not obtained; these had an

vealed that a number of fr had
been recovered soon after the fall. One
of us (E.AK.) departed for the site
immediately.

Thirteen fragments of the meteorite
from three different localities were ob-
tained during a 1-day reconnaissance of
the area of the fall. The total weight
obtained was 6784 g as follows: 4180 g
were found 1 km north of San Juan;
167, 135, and 89 g were found at
Pueblito de Allende; 1259, 782, 44, 34,
25, 22, 18, 17, and 12 g were found at
Rancho Blanco. The specimen from
near San Juan is approximately 75

esti d combined weight of 20 kg.
The fusion crust is commonly 1 mm
or less in thickness, black or very dark
grey, and slightly to highty vitreous.
Two small pit craters were observed.
One of these was approximately 4
m from the southernmost corner of
the post office in Pucblito de Allende,
but had been trampled and generally
deformed. This was reported to be the
site where a rounded stone weighing
approximately 12 to 15 kg had failen.
The site north of San Juan that pro-
duced the 4180-g fragment still con-
tained an unaltered pit crater approxi-

e meteorite. (a~c) Standard thickness petrographic sections showing much opaque
matrix with a lesser amount of microcrystalline matrix. (d) More microcrystailine matrix, but still showing a significant amount of
opaque arca (section thickness is approximately 0.01 mm). Chondrules are well o sharply defined. All photographs were taken
in plain light and at the same magnification. Tho length of each field of view is’approximately S mm.
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mately 12 cm deep and 20 cm wide,
This was clearly a penetration pit crater,
which indicates a very low terminal
velocity for the meteorite. There were

" mo reports of craters that might be
explosion craters. The reports of the

trajectory from local observers were
contradictory, and establishing the ap-
proximate path of the bolide will prob-
ably have to wait until a large number
of observers can be interviewed.

In hand specimens, the meteorite ap-
pears homogeneous from piece to piece,
dark grey, with many obvious chond-
rules averaging approximately 2 mm in
diameter but ranging to as much as 13
mm. Most specimens are hard and not
readily friable except where badly frac-
tured by impact or subsequent handling.
On fractured surfaces, approximately
60 percent of the chondrules are broken
through, but the remainder have nicely
preserved hemispherical surfaces. The
gencral appcarance is similar to Mokoia
or Vigarano, but the color is slightly
lighter grey. The bulk density measured
by air-comparison pyncnometry is 3.67
g/cm3,

Petrographic thin and polished sec-
tions show less than 1 percent metal
and an estimated overall average of 60
percent chondrules and 40 percent ma-
trix. In standard thickness sections,
much of the matrix is opaque (Fig. 1,
a-c) with some transparent micro-
crystalline matrix. However, in sections
0.01 mm thick (Fig. 1d) a much great-
er proportion of the matrix can be seen

- to be microcrystalline. X-ray diffraction

patterns from bulk samples and non-
magnetic fractions have well-defined
narrow olivine peaks, indicating rela-
tivcly homogeneous olivine composition.
Clinopyroxene is abundant, and there
is a small amount of turbid glass. Chon-
drules are mostly well-defined to sharp-
ly defined. Pucblito de Allende would
seem to best fit petrologic type 4 but
seems to have many affinities for type 3
also (F). Detailed petrographic and
mineralogic description is now in prog-
ress, and will be the subject of a later
paper which should resolve this ques-

" tion.

Preliminary analytical information

" (Tablc 1) is sufficient to establish that

Pucblito de Allende is a C group chon-

' drite (1) based on the possible values

of the ratio of metallic iron to total
iron and of total iron to silica. The
petrographic and chemical data now
available indicate that the specimen
should be classified as a C4 or C3.
One of the prime objectives of ob-
taining portions of this fall was to return

28 FEBRUARY 1969

ey
.y

Table. 1. Chemical analyses of the Putbliié

de Allende meteorite.

Optical Atomlc Spectro-
Onide or emission gy orp-  photo-
element 'g:c;;o: tiont metric §
(Wt %) (wt%) (mt%)

§i0, 310 3335
MgO 213 20.7
FeQ

(total Fe) ns 289
AlL,O, 29 3.758
Ca0 28 235 .
Na,0 0.60
K.0 0.01 0.093
TiO, 0.17
MnQ 0.14
Ni -~ 1.40
Cr 0.32
C R el |
N 0.0079 '

. 0.0055%

Co | 0.79
Zr " 0.0036
B 0.010}{
Cu 0.008
* Monitored with W-1 and a synthetic dunite
standard; analyst: R. Manrtin. 1 Analysis: J,

Allen and P. Johnson. $ Analysts: D. Bennett

and P, Johnson, 3 Probably high due to iron
o By and

graphic detection; analyst: C. Moore. § Sample

was prepared by grinding In a boron nitride

mortar, but standards did not show contamina-

tion.

suitable specimens to the Lunar Receiv-
ing Laboratory Radiation Counting Fa-
cility for total gamma and gamma-
gamma coincidence spectrometry as
quickly as possible in order to make
analyses for isotopes with short half-
lives (2). The 4180-g specimen was
introduced into the gamma counter,
and data was taken at 6:16 a.m. on 12
February, an elapsed time from fall to
counter of approximately 101 hours.
The other two large specimens (1259
and 782 g) are also being counted.

We believe that we have identified
the following isotopes: U (Bi%1t), Th
(TI208) K40 Al26 Co%, Na?2, Mn3,
and Na?* (half life = 15.0 hours). In
addition, the following isotopes are ten-
tatively identified: Be?, Mn%2 (half life =
5.7 days), Co®®, and Cr®. Several peaks
appear in the spectra that have not yet
been identified. Data collection and
evaluation is continuing in order to con-
firm the identification of the above iso-
topes and to obtain less complex spec-
tra after the decay of the short-lived
isotopes. A detailed evaluation of the
gamma spectra from this meteorite is
the subject of continuing work and will
be reported later,

The counting of samples of short ter-
restrial age such as Pueblito de Allende
is an excellent rehearsal for the Lunar
Receiving Laboratory Radiation Count-
ing Facility, because it is probable that

imany of the same isotop
present in the samples to !
from the moon by the Ap:’
The size of the total f
Pueblito de Allende is an
subject for speculation. All o
mens recovered prior to 1!
came from obvious placces, su
towns, roads, and very clos
and these specimens collectiv«
approximately 27 kg. Bascd !
graphic distribution of find-.
mated that the area of the |
at least 150 km?2, and it is
to expect that many more
will be recovered from v
desert areas.
. E. A
E. ¢
K. A R
Lunar Receiving Laborator
NASA Manned Spacecraft |
Houston, Texas

]S
Oak Ridge National Laborar-
QOak Ridge, Tennessee
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Evaporation Retarded by M-

Abstract. The reduction in 1/
State rate of evaporation of
hexadecanol monolayers dcp.
on the air velocity above th
and is independent o} the ah-
of evaporation up to air vel
40 centimeters per sccond.
dicates that the monolayer
affect the vaporization step hut
the size of the diffusion boun:
The mechanism (the creation
face pressure gradient in the 1+
which reduces the net stre
surface by the air) is discus:

The reduction in the rate ¢
ration of liquids by monoli
theoretical as well as practici!
(I). In discussion of the rc!
monolayer, it is useful to con
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of the Earth but alse on the dimensions of the electrojet.

The theory is now being applied to ohservationnl data

from Nigerin with the ohject of estimating vehies of
eleetrienl conductivity in the Eartl’s erust and mantle.

I thank Professors A. T. Price and A. A, Ashour for

helptul discussions.  This investigation is a preliminary

comtribution to the Nigerian Upper Mantle Progranmime.
Roseyany HuTroN

University of Ibadan,

Nigerin.
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Organic Analysis on the Pueblito de
Allende Meteorite

Ox Febvary 80 1969, o meteorite fell near Pueblito de
Allende, Chihunhun, Mexico.  An elemental annbysis of
fragments, collected shortdy afterwards, was piblished
on Februarys 28, 19691, and showed that it contained
approximately -3 per cont earbon.  In the meantime,
sanples of the meteorite were colleeted by one of us
(B. 2. %), We now report the analysir for certain organie
couslituents in that sanple whieh was colleeted on
February 15, 1968, The earbon content of the sample used
in these studies was approximately 6:35 per cent.

Dual mmlyxes were performed between March 1 and
March 10, 1669, The sample used was approximately
egie-shaped, weighing 2:5 kg in total with a fosion erust
cver it entire surfaee.

The stfaee of o 230 g portion, on which the nnalysis was
to he performed, waz removed to adepth of about 0-25
inch, inchading ol of the fusion erust and an approxin.
ately equivadent thickness of the fresh break whicl vepre-
sented one surfaee. This operation, and all suecceding
operations, were earvied out in o elean cabinet through
which a filtered pir stream wasd continueusly  poassing.
The chips and eentre picee were analysed sepurately,
aceording to the following flow sheet.

250 g frgment

/ \200 & Interlor chips

40 g surface

NATUKE, VOL. Z22, AFRIL 2o, Tdoy

PUEBLITO de ALLENDE METEORITE i
n-Cis

A. 40Grs. OUTSIDE SAMFLE
T TAL ALIPHATIC HYDROTAPBCNS
APIE ZON L. COLUMN 100F* ¥ 0.0t In. 1D, i
23 00°C 2w |
> H a0 e He i
!
® [o |
e )
‘ I \ Ol nCa
e 1 I {
Ut it L

U

,ML"N:"I"é’k~, l J\l u‘jhl‘: rk' :

3. 225 NSIZE SANVPLE

NATURE., VOL. 222, APRIL 26, 1969

PUEBLITO de ALLENDE
METEQRITE om 228

BENZENE FRACTION

40 Grs. OUTSIDE SAMPLE
APIEZON L CLMN. 100'0.0¢" LD,
20°-300°C. 2°C/MIN.
ZIML/MIN Me

»
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B. 200 ¢n. nNSIDE SAMPLE

300°C 250°C 200°C. 150°C a

as chromatogram of total aliphatie hydrocarbons frou ey ot
i e rin L) gax  chromatngiaph
cauippet with s flame ioni ut 11 ol the s-heptane
cliate was injected in ro - of hydrovarhons were
detectedt In ontide sample; B O of hydrocarlans were
clected in interior

The extractable opganie comprumds are shown in the
chromatogenms in Figs. 1, 2 anck 3. Tn each easc, the A
chromatogram represents the anaiysin of the surfucoe chips
and the B chromatogeam represents the analysis of the
interior of the sample. The surface chipa i all three cases
contained hetween 0 and 025 popane, ax indieated specitie-
ally m the figures, while the interior contained 8-001 to
0002 papan. s indicated. The identity of eack pevk was
obtained by combined gas chvopntography mass spectre.
metry. A mass specten were taken by n combination of
an Acrograph 204 gas chromatograph and an AVXT MS-12
mass speetrometer. The ehiromatommm of the organic ex-
tract obtained from HIE HCHdissolnton vevenled noorganie
nterinl at all. The amounts of solvent soluble organic
matter found in the interior portions are several orders
of magnitude smaller than that reported® 4 for other
carbonneeons meteorites, A Tt of @1 part. per hillion
of posaible indigenous organic matter ix indieated.

chips 144 t0 1 incit chips washed with MeOH

Rock crusher
120 mesh powder

Jdentlenl procedure
carrled out as with
interior chips

Reatdue 4~

(Foc hound hydrocarhon-
fatty acid analyaie)

HF:HCI{1:1)

1,0H : benzene (12 3) (with ultrasonic vibration)

Organic solvent

Remove solvent hy
rotaliny evaporator

Column ehromatography

40 per cent-40 per ecnt

n-heptane Benzene McO1 finction
o1 fraction
Tesid HF-H(1 fracyion " For fatty acid
iy polution pualysis
GC-MS* annlysly GC-MS® analyais .
Fxtnct with Extract with lsnh-nn.
benzene-McOH benzens removed

Combine these {wo extracts

Column chromatography aa with Indtial organic exiract

v, eont
Medlnl enters

drat

£0- M5 analysis

® (GC-MS = Gas chromatography and mass specitometsy.  § TLC = Thin bayer rhromatogeaphy,

Fig. 2. Gas chromatogram of total benzene fraction from extractahle

orunulc material. 4, 0-2 p.p.m. of organic compounda were found in

outside sample; B, 0-002 p.| of organic compounds were found in
interior mamiple.

PUEBLITO de ALLENDE METEORITE
A 40 Gm. OUTSIDE SAMPLE
TOTAL FATTY ACIDS {METHYL ESTERS)
APIEZON L Cima 100'x0.04" LD.
90°-230°C.  2°C./MIN nCig -
25WL/ MIN. He
#Ci
n-Cig| n-C;
o sCig ™Cia 2
Cz20 J |

B. 200 @rs. INSIDE SAMPLE

IV j|

150°C. Temer *c

250°C. 200°C.

. ias chromatogeam of tolal fatty aclds (ancthy! eaters) from
extractable organic material, . 0L p.p.m. of (atty acids were detected
n ontaide sample; I, 0-001 p.pam. of fatty acids were detected in
Interior sainple.

It 1s clear that the organie material found in the surface
layer of this meteorite ix of hiological origin and cumot be
other than terrestrind contamination acquired even in the
short. period of time available 1o the meteorite, namely,
between its fall on February 8, 1969, and its collection on
February 15, 1969, The speed with which this contamina-
tion was aequired, wnd (o diversity of the matorial
contained in that contamination, make doubtful any
interprotation of such orgnnic materials that have bren
found in meteorites of miknown, or at least considerably
longer, terrestrind history®4. Tho presonco of the mono-
unsatvrated (4, fatty acid in the Puaeblito do Allende
meteorito is additional contirmation of reeent contaming-
tion. Such unsaturation haw not been found in the Pre-
Cambrian rocks®.  Furthermore, (his exercise in analysis
of rocks vecently acqrived on Barth makea all the more
clear the need for (he extremo preeantions that are being
taken in preserving the returned lanar sample.
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Recent Geological Investigations in
the Irish Sea

AN area of Carboniferous rocks between the bl
and Anglesey has been found during a recent »
and geophysical survey by the Institute of €
Scienees in the north-east Trish Sea. Echo sounde
from this aren indicate a notably uneven sea v
locally has a relief of up to about 44 feet and

comsists of outeraps of solid rock surronnded hy
clay or gravel. Rock samplos were recovered wirh

corer at fifteen localitics and it seems hkely that
cored from outerops rather than from houlder< i
clay. The samples have been identified ns foll
Fig. 1 for localities): three cores of Manx Slate-
the Iale of Man). three cores of rocks from the M.
plex felose to Anglesey), four cores of Gl
{(\Weatphalinn) mudstones and siltstones, one core
vician mudstone, and four eores of mudstone and
of undetermined nge. These have yielded no Curh
spores but are currently being examined tor s
microfauna. They may be of Lower Palieosowe

At two other localitics cores were obtained of
Permo-Triassie aspeet. It is possible that thew
were cored from Inrge houlders in houlder ey,
equally likely that they came from outerops of ~

The palynological examination of twelve win
been completed. The character of the residses
has permitted the samples to be readily separated
main groups.  The southern group of cight o
was composed of finely digested carbonneconus it
small earbonaceous rods. From one of the samp!
group three chitinozoans were recovered which b
wdentified as v Cyathochitina campanulacforiis
and (!, caliz Eisennck and nre taken to ind
Ordovieian age. The latter speeies, which has
recorded from sediments younger moage than Cin
was recorded by Jenkins! from the basal Hope
Shropshire which are of lower Lianvirn (J2. hifprd
age.

The northern group of samples differs mrke
those of the routhern aren in possessing large o
of well preserved plant debris and Turee o
miospores.  Representatives of the genus Lyeoss
dominant microflorsl element inall four sanpl
monly minde up more than RO per eent of the 1o
blage.  Of the less frequent forms teeorded, th
are of stratigeaphical significance: Baistrickio of
(Ibrahim) Schopl, Wilson ad Bentadb, Duetyots o
ticrdatus (Ihrahim) Schopf, Wilson and Bentall, 1
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