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Geoscience Canada, Volume 6, Number 2

The Meteoritical
Society at Sudbury,
1978

P.B. Robertson and M.R. Dence
Earth Physics Branch

Energy, Mines and Resources
Ottawa, Ontario K1A 0Y3

The Meteoritical Society had its incep-
ticn inthe 1930s with a small but
enthusiastic group of American “mete-
ortticists”, most of whom were astrono-
mers or geoscientists, and others simply
amateurs interested in the discovery,
collection and preservation of meteor-
ites. The Society has greatly expanded,
particularly since the birth of the space
age inthe 1960s, to a major international
group whose interests still range from
the recovery of meteorites, through
every facet of analysis lending evidence
to their origin and the evolution of the
solar system, to entry phenomena and
the formation of hypervelocily impact
craters onthe earth and other planets.
The increasingly international aspect of
the Society is reflected in the alternating
venues of the annual meetings since
1970 between North America

and Europe.

The 41st annual meeting of the
Meteoritical Society was held at Lauren-
tian University. Sudbury from August 14
fo 17, 1978. This meeting, the secend of
the Society in Canada, was co-
sponsored by the University and by the
National Research Council of Canada.
Whereas many of the previous meeting
sites were chosen for their association
with an institute or university closely
connected with researchrelated tothe
topics, or for the scenic and touristic
attractions of the region, Sudbury was
selected for its location within what s
considered by many as one of the
largest ancient impact craters in the

world, Coincidentally, the hypothesis
that the Sudbury basin was a meteorite
impact sile was originally proposed by
Dietz 15 years earlier, when the Society
met at Ottawa. Althcugh this hypothesis
still raises controversy the topic was not
discussed during the technicat ses-
sions. However, the two-day field trips
traversing the Sudbury Basin, led by Ed
Pattison (INCQ) and Mike Dence (EMR),
enabled those less familiar with the
subject to examine and consider many
of the salient points in developing their
own opinicns. The other field trip visited
the Brent crater, in northern Algonquin
Park, one of the smallest of recognised
terrestrial impact sites. There is little to
be seen at the surface here, compared
to Sudbury, but the amount of data
obtained from Brent through drilling and
geophysical methods makes this one of
the world's most thoroughly investigated
simple craters.

The 171 papers presented in a series
of two concurrent sessions reflected the
balance of research in these fields, with
a fair proportion of German, French,
Indian, British, Japanese and Canadian
speakers complementing the large
American representation. The gec-
chemists dealt with metecrites and
parent bodies, the astronomers talked
about meteors and orbits, the geologists
expounded on impact craters and the
physicists and mathematicians pre-
sented detailed models for a variety of
structures and processes. A common
ground for discussion was provided by
Jim Arnold’s (University of Califronia,
San Diego) provocative and entertaining
evening lecture sponsored by Falcon-
bridge Nickel Mines Ltd., on "Near-Earth
Resources”, outlining the ments and
feasibility of using the moon and aste-
roids in establishing nearby, extraterres-
trial colonies. Arnold emphasized that
the option is being seriously considered
by those familiar with megascale fund-
ing and felt that, though ambiticus. the
venture would eventually be attempled
because it 1s part of man’'s nature to
accept these challenges.

Although certain aspects of meteocr-
itics continue to be discussed, as in all
discipi'nes the emphasis or direction
constantly varies. Fewer papers were
given concerning lunar materials at this
meeting in comparison with those of
recent years. However, the expertise
develeped throcugh the Ranger and
Apollo programs has now been readily
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adapted 1o the studies of meteorite
samples and to remote bodies in the
solar system. Petrography, chemistry
and geochronology of meteorites still
receive attention, emphasizing the di-
rection towards an understanding of
their source and evolution, rather than
the simple cataloguing of descriptions of
individual meteorites.

The extracrdinarity rich and complex
data from Allende and other carbonace-
ous chondrites was the subject of two
sessions and was the main basis for a
third focussed on early processes in the
solar system. The latter was led by an
invited address by Anders (Chicago})
who reviewed the ancient noble gas
components in chondrites interms of a
“normal” planetary component, a “fis-
sion” Xe component, which may come
from a volatile superheavy element, and
anew, apparently presolar component,
which shows evidence of being from
dust grains generated by nuclear reac-
tions in red giant stars, Runcord (New-
castle) also argued in favour of super-
heavy elementsinthe early solar system
by reasoning that a short-lived radioac-
tivity was needed 10 give early melting of
the moon and hence an early lunar
magnetic field. Ballard and others
{Missouri) contended that corretations
between noble gas isotopes were best
explained by the explosion of a single
star, concentric withthe sun, whichwent
through a supernova stage, rather than
by injection of anomalous material into
the early solar system.

Details of solar nebuta condensation
processes were deduced by several
groups from the mineralogy of Allende
inclusicns, and by others from the
fractionation of siderophiles iniron
meteorites. Allenand Grossman (Chica-
o) examined compositional zoning in
several minerals from a hibonite-rich
Allende inclusion and concluded that
the heterogeneily present was evidence
that different grains grew in gases of
different pressure, temperature and/or
composition before the grains amal-
gamated. Condensation of refractory
metals from a nebula was considered by
Blander and colleagues {Argonne
National Laboratory) by comparing
Allende inclusions rich in refractories
with condensation calculations. In con-
trast to the generally favoured solid-gas
or liguid-gas equilibrium models, their
modei seeks to explain many observa-
tions by a mechanism of silicates
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coating metal particles, allowing super-
saturation of the nebula gas withrespect
to metal and local variations in composi-
tion.

Nebula processes were also evoked
to explain elemental fractionations
among iron meteorites. Scott (Cam-
bridge) pointed out that abundancy -
volatility plots for irons were markedly
similar to those for commeon stony
meteorites as predicted by Wai (1daho)
andWasson (UCLA). The latter favoured
a multicomponent model with significant
ranges in grain size alfowing a spread of
equilibration temperatures and efficien-
cies of accretion. Condensation of oxide
or silicate melts from nebula gases was
examined by Wagner and Larimer
(Arizona State) who arguedthat an oxide
melt may achieve sufficient stability tc
be aninitial condensate. They con-
cluded that the bulk compositions of
CaAl-nchinclusions tollow the solid-
gas condensation path but most chon-
drules follow gas-liquid condensation
paths.

The nature and composition of chon-
drules, the distinctive sphencal bodiesin
most stony meteorites, was the subject
of a separate session. Keil and asso-
ciates {New Mexice) presented many
chemical data on both chondrules and
their matrix, documenting the decrease
in compositional variance with increas-
ing degree of recrystallization. Several
studies sought to determine whether
chondrules showed evidence of inde-
pendent existence in space before
incorporation infe meteorites. Wilkening
and others (Arnizona) were unableto
discover unusual radiation features in
chondrule rims or differences in compo-
sition between rims and interiors of
chondrules The New Mexico group also
exarmined chondrule surfaces by SEM.
noting fine dendntes as evidence tor
very rapid cooling but anabsence of zap
pits commoen on objects inthe funar
regolth. Only low relative velooity
impacts seem to have occurred be-
tween chondrules. The role of impact in
the formation of chondrules continuesto
he debated.

Isotopic and chranologic studies were
less strongly represented at Sudbury
than at previous meetings of the Society,
but a representative set of papers
extending over one and one half ses-
sions were given. Many were concerned
with the determination of cosmic ray
exposure ages, led by anassessment by

Marti and Regnier {University of Califor-
nia, La Jolla) of ages obtained by ®'Kr-Kr
methaods, which they conclude are
reliable, although in some cases they
appear to disagree systematically with
ages obtained by other methods. Re-
sults were given on the Innisfree,
Albenta, meteorite by Hensser and
colleagues (Heidelberg) and Goswami
and colleagues (Ahmedabad, India).
The results show goad agreement with
the repcrted pre-entry mass calculated
from dynamic and photometric mea-
surements {see below) but raise ques-
tions as to the galactic cosmic ray
intensity which may be lower now than
over the previous 500 years.

Meteorite ages were discussed by
All&gre (Paris) in terms of 87Rb-#75r
systematics of L chondrites, basaitic
achondrites and enstatite chondrites.
He identified many departures fromthe
reference "primitive 1sochron” defined
by H chondrites Disturbances possibly
related to thermal events were also
reported by the Heidelberg group can-
tinuing their effort to obtain [-Xe ages
from a wide range of ordinary chon-
drites. ang by Turner and colleagues
(Shefhield) who reported on further 7 Ar-
38 Ar studies of chondrites Their objec-
tive was totest the idea of interpreting
low temperature 2Ar-29Ar age plateaus
in terms of recent reheating cvents.

Mast of the meteorites which have
been extensively investigated over the
years. Allende and Shergotty for instance.
receive attention because of their
unique chemical or textural properties
Much of the recent limelight, however,
has been focussed on a couple of
meteorites which are relalively comman
chondrites. Innisfree. photagraphed by
the Canadian MORP camera network
before recovery 140 km east of Edmon-
ton in 1977, and Lost City are. alongwith
Pribram, the only “falls” which have
been photographed in flight and then
recovered. From aero-dynamic theory
and the multi-station data on Innistree
and Lost City, Revelle (Carnegie Insti-
tute) calculated a pre-atmosphenc
mass of about 20 kg and about 60
kg. respectively, for these two bodies,
indicating 70 per cent 10 90 per cent
mass loss by atmospheric ablation. The
mass for innisfree agrees within limits
with the photometric analysis estimate
of 50+20 kg by Halliday (NRCC), andthe
intersection of end-height versus abla-
tion coefficient by Mclntosh {NRCC)

which gave 40+19 kg. Bhandari (Ahme-
dabad, India), from measurements of
cosmic ray track densities in 160
meteorites 10 determine 'shielding
depths”, foundthat mass ablation values
range from 27 per cent tc 99.9 per cent
with a mean near 85 per cent Ablationis
a direct function of pre-atmospherc
velocity so that Rajan (Carnegie Institute)
calculated velocities from 12 410 165
km/sec for several of the meteoritesin
which cosmic ray tracks gave massloss
of from 41 per cent to 83 per cent
respectively. Earlier estimates of pre-
atmospheric mass were based on
Opik's lumingus efficiency theory but
there was no way of directly calibrating
this method. The Carnegie group com-
bined the Innisfree and Lost City photo-
graphic data with theoretical mass
ablation values from the cosmicray
frack method and concluded that photo-
metric masses have been earlier over-
estimated by afactor of five to 10.

Estimates of annual meteoritic influx
for objects one kg or larger, have
increased from about 500 1n 1960, to
perhaps double this number when the
Prarie Network data became available.
A figure of 200,000 was proposed by
Huss (Metecrite Laboratory, Denver)
extrapolated from a mean terrestnal
residence age on samples of small
meteorites accumulated inthe sail of an
arid region in Texas Thisfigure would be
more comparable with earlier estimates
if a similar minimum sample size were
chosen and an older residence age
assigned

The subject of meleorite sources or
parent bodies is approached from three
directions: restrictions on their location
inthe solar system. remote sensing of
asteroids znd melecrsto assess surface
compositions, and analysis of the me-
tecrites themselves to formulate evolu-
tionary gevelopment. The Apollo and
Amor abjects with their earth-crossing
or earth-grazing orbits are a likely
metecrite source. They probably com-
prise extinct cometary nuclet as well as
material from the asteroid belt, but it has
been argued that the 300-500 m.y.
shock metamorphism ages of many
meteorites preclude a cometary source,
Wetherill (Carnegie Institute) finds a
steady-state equilibrium in the number
of Apcllo-Amor objects with about half
replaced approximately every 25 m.y.
tromn the Mars-crossing group. Thelatter
have a median age closer to 200 my. so
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that collisional events of this age are to
be expected regardless of whether they
are cometary or asteroidal objects. The
earth's almosphere efficiently obscures
the nucleus of periodic comets prevent-
ing effective earth-based studies. Wil-
kening (Arizona) spokefor membersof a
group who have recommended the
development of a space probe to orbit
and maneuver about a comet {Tempei 2
or Encke) for more direct measurement
of cometary properties.

Gaffey and McFadden (Hawaii) are
using visible and near-infrared reflective
spectra o quantity mineral abundances
in asteroids and comets. Tothis endthey
have calibrated a relationship between
absorption band depth and relative
abundance of equilibrium pyroxene-
plagioclase assemblages using basaltic
achondrites and lunar samples. So far
their group has discovered unique
surtface assemblages on Ceres, Pallas,
Phobos and Deimos which may be iron-
poor analogues of C1-C2 chondritic
material not represented in meteorite
collections.

John Wood (Harvard-Smithsonian),
who was this year's recipient of the
Society's Leonard Medal, proposed a
new and controversial model for meteor-
ite parent bodies. Because many mete-
orites display very slow metallographic
cooling rates they had been interpreted
as originating al about 100 km depths in
asteroidal bodies. 1.e.. in large parental
bodies. This requires initial heating/
melting and continuous slow cooling
whichis difficult ¢ reconcile with their
old ages. Small planets, 40 km diameter,
could melt by 76A1 decay, differentiate
and rapidly cool through upper tempera-
ture ranges. Accreted particulate matter
would intime, insulate the intenor and
internal cooling would diminish to the
metallcgraphic rates determined. How-
ever, the size of parent bodies can also
be estimated from the FeS geobarome-
ter. Hutchisen and Scott {Torontc)
derived equations relating temperature
and pressure from FeS in sphalerite in
equilibrium with troilite. Assuming an
equilibrium temperature. pressures for
type |A irons give burial depths of 75to
380 km, and for enstatite chondrites, 0o
200 km.

Evoluticn of parental body regoliths
has been formulated from particle track
studies Bagolia's {Ahmedabad) work on
a C2 chondrite indicates a very thin
regelith and slow mixing over five m.y.,

whereas Macdougall (Scripps), using
C1 chondrites, deduced a quick burial in
arapidly accreting regolith. Housen and
colleagues (Arizona) agree with the
latter scenario based on the relative
scarcity ofimpact glass, agglutinates,
microcraters, solar gases and solar flare
tracks in gas-rich meteorites. The rapid
regolith build up results from crater
ejecta blankets and will be most effec-
tive on small bodies where iow surface
gravity allows each impact to distribute
material over the entire surface.

The theory that the moon was derived
from the earth’'s mantle received support
from Wanke and others (Max-Planck,
Mainz), but not from all his audience. He
interprets high Ni/Co ratios in highland
breccias as due largely to indigenous
rather than meteoritic Ni. The indigen-
ous Nifrom primary lunar material,
Winke takes as indicative of an early
Ni/Co ratio comparable with that of the
earth's mantle.

Several of the technical sessions
were devoted to discussions of a wide
range of physical and chemical proper-
ties of various meteorite classes (irons,
achondrites, chondrites, carbonacecus
chondrites). A common approach was
by analysis for one or more trace
elements to determine the evolutionary
path of an individual meteorite but
papers of this nature rarely developed
and carried a particular theme beyond
one or two presentations. A few studies
outlined critical variations, not only
between meteorites of the same class,
but between pieces of the same meteor-
ite fall, cautioning againstthe use ot a
single set of observations o formulate
the character or history of a class of
samples. Hewins {Rutgers) analyzed
kamacite in the matrix, primary clasts
and melt rocks of seven howardites (a
relatively uncommaon group} and tound
that large Ni/Co variations suggested
quite different thermal histories and
source materials. In particular, the
equilibration of Ni and Co in the Peters-
burg howardite indicates deeper bunal
than for others in this group. The Bur-
Ghelaui chondrite, represented by more
than 100 individual specimens, provides
a valuable source {6 assess heterogen-
eity within a meteorite. King and Maras
{Houston) interpreted varniationin olivine
and crthopyroxene compositicns as
evidence thal twe portions equilibrated
under slightly different conditions. The
Kchar chondrite comprises several
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specimens; the one examined by Woo-
lurm and colleagues (California State,
Fullerton) is particularly rich in Bi
compared with its kin, and is believed to
have equilibrated in a volatile-rich part of
its parent body. Woolum's use of the
particle track radiography method for
determining distribution of trace ele-
ments confirmed for Bi, but contradicted
tor Pb, predictions that these elements
would exhibit siderophilic behaviour.

The nature of mesosiderites, meteor-
ites with various silicate rock clasts in a
metal (Fe-FeS) matrix, was explained by
Floran (Qak Ridge) as duetoimpact ona
differentiated parent body with a stony-
iron surface. A homogenecusimpact
melt engulfed shocked fragments and
the melt split into two immiscible frac-
tions (metal and silicate). Floran cited
the variety of silicate fragments and the
varying degrees of recrystallization and
assimilation as evidence for this pro-
cess, Additional evidence for shock
metamorphism is previded by the Sher-
gottites. Shergotty is the type specimen
for eucrites with maskelynite {shock
produced plagioclase glass). Martin and
Barber (Essex) have now found maske-
lynite in smaller grains in the eucrites
Zagami and Padvarninkai, along with
intense fine-scale twinning in pyroxene,
maost likely also produced by shock.

A very early topic which has unex-
pectedly returned to prominenceis the
circumstances of discovery, recovery
and classification of new meteorite finds.
This is due to the recent, unparalleled
discoveries by Japanese {Yanai, Na-
tional Institute Folar Research, Tokyo)
and American (Cassidy. Pittsburgh)
teams of about 1300 metecrite frag-
ments in Antarctica. The number of
separate meteorites may be somewhat
recuced from this as individual speci-
mens may become recognized as
pieces from the samefall, but it is
ncnetheless impressive when consi-
dered interms of the world's previous
total of less than 2300 meteorite falls and
finds. The ratio of irons to steny meteor-
ites inthe Antarctica collections, about
.01, is somewhat less than, butreasona-
bly comparable with the ratio deter-
mined from recovered historic "falls”.
The Antarctic meteorite falls are distrib-
uted over the continental ice sheet. In
places. the coastward-moving sheets
are arrested by mountain ranges. Here,
continuous subiimation and biug ice
swept clear of snow exposes an ever-
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accumulating collection of transported
fragments. Canadian investigators are
looking to the Arctic to determine
whether similar conditions for accumu-
lation exist. With the large number of
samples there 1s the anticipation of
discovering material previously not
reprasented in meteorite collections,
The pnimary value, however, stems from
the preservation of these samplesin a
cold, clean. slow-weathering environ-
ment. As a consequence, from early
results Kirsten and Ries (Max-Planck.
Heldelberg)y have found residence ages
asoldas 1.46:2.0my,andthsona
chrondrite, a type which rarely survives
more than a few thousand years inother
chimates. The fate and treatment of the
meteorites will rival that afforded the
lunar samples, as NASA will use tslunar
receving faciities for their examination
and storage under simulated Antarchic
conditons and will act as the worldwide
distribution agency

Just as acceptance of the concepl
that meteorites are picces of interplanc-
tary material required many decades, 1t
has taken a comparable length of lime to
convince the scientific community that
very large metearite craters. similar to
those clearly visible on the moon. were
formed and preserved in varying de-
grees on the earth Ralph Baldwin
{Qliver Machinery) was among the
scientiic prioneers i this field and m an
address highlighting the Society's an-
nual banguet. outlined the development
of cratering and shock metamorphic
studies over the past half-century

There is no probleminrecognizing the
ongin of circular craters containing
meteorite fragments (there are 13 such
sites, none in Canada). but the class ot
structures vanously calied “astrob-
lemes”. “cryptoexplosions craters” or
“probableimpact craters” still generates
some controversy. These latter struc-
turcs (78 worldwide) display the evi-
dence for shock metameorphism foundin
authenticated metecnite bearing craters.
but lack recognizable meteorite frag-
menls. This is in part simply a matter of
erosion. but In many cases the kinetic
energy of impact was high enoughto
vapounze or melt the impacting body.
incorporating it with the melted target
rocks which now form hodies of impact
melt. Detaled geochemistry of the melt
rocks at Brent and East Clearwater Lake
by Gricve (EMR) and Palme (Max-
Planck, Mainz) indicate a contamination

by the iImpacting body. considered, from
proportions of siderophile trace ele-
ments. to be a chondrite in both cases.
These discoveries significantly streng-
then the hypothesis that astroblemes
are caused by meteorile impact Those
favouring an endogenic origin for Brent
had considered tha patassium values of
up to 12 per cent K inthe melt rocks as
evidence for alkalic magmatism Greve
discovered that the K-enrichment re-
sides not in the melt but in shocked
gneissic Inclusions and postulated a
post-impact, alkali-exchange process
between shock damaged feldspar and
the saline waters of atransgressive
Qrdovician sea.

Without any doubt the most thorough-
ly studied impact structure 1s the Ries,
Germany, yet it continues Lo spawn
signiicart new research. Wagner and
Milier (Max- Planck Heidelberg) per-
formed fission track analyses on zircon,
sphene and apatite from several distine-
tive rock units in the crater Inadditonto
obtaining ages for the cratering event
and the country rocks in accord with
those from other methods. they estab-
lished a post-shack temperature profile
through the crater. from =520°C for
giecta lo about 200°C below the crater
floor. the reverse ot a normal gecthermal
gradient The suevite breccia al the Ries
1s reversely magnetized with respect to
the basement gneisses and the overly-
ing crater-filing sediments. As the
sediments are only shghtly younger than
the crater, Pohl {iMunich) feels the
comncidence of the impact and magnetic
reversal has a causal relationship.
However Dachille (Pennsylvania State)
showed by theory and expenment that
impact energy 1s partially converted to
an intense plasma of icns ang electrons;
the ion-electron mass difference
creates amass separation andtherefore
a charge separation. resulting in a
transient electro-magnetic field. Could
this field provide the conditions for the
apparent Ries reversal?

Nuclear and chemical explosion
cratering have been studied for many
years by physicists and mathemati-
clans. and only recently has there been
renewed interaction with geologists
involved with terrestrial impact struc-
tures. This burgeoning relationship
appears beneficial to both groups Using
cratering calculations, Kreyenhagen
and Schuster (California Research and
Technaology) were able to successfully

model early- and intermediate-stage
processes in a hypothetical simple
crater formation. Bryan {Lawrence
Livermore) employed similar techniques
10 incorporate the mass and velocily of
the Canyon Diablo meteorite. and
achieve a modelin good agreement with
Barringer Crater, Arizona As yet, com-
putational modelling is not able to
simulate shallow nuclear craters orlate-
stage moditication events which lead to
central uphft formation. though encour-
aging progress I1s being made.

This sampling of topics discussecd at
the meeting is indicative of the lively
state of research in metecritics. Once
again the main effort on extra-terrestrial
materials 1s being taken up by metecrite
research as the exciting ideas about the
ongin of the solar system, the nature and
ongin ¢f the asteroid population and the
passibie future uses of these bodies
develop Extended abstracts of pre
sented papers will be published in
Meteortics. v 13.no 4, and the Society
will next meet in Heidelberg, Germany. in
Septerber, 1879

Contribution frem the Earth Physics
Branch No 766.
MS recoived December 15 1978,

Note

We regret thal the arlicle by R W,
Macqueen in Volume 6. No. T hadthe
following omissions. 1) Abstact ine 14
page 3 shouldread “Ore in compari-
son, appears o require concirdence of a
specilic st of circumstances. these &g
a cavily systern, a flurd carrying metals,
and an agency of precipitation as
sulphides.” 2) Line 24, page 8, should
read "On a graph of alomic hydrogen.
carbon versus atomic oxygen/carbon
1at0s. most of these kerogens plot close
to the origin. indicating thal the zane of
orgamc melamorphism has been
reached (Saxby. 1976. p 125)."

Also note that Figure captions T and 2
on page 44 of the "Secretary’s Report”
are reversed.




