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Ukraine Meteorites
Martin Horejsi

Within the sovereign borders of Ukraine, over 40 meteorites have been discovered with many of them
witnessed falls. Many of them now also considered historic falls and finds, with many of those also rare
types. And luckily, many available for our collections. My personal collection contains about 10 different
Ukrainian meteorites specimens, and at one time many more when I was content with micro-sized
representatives.

For this somber installment of The Accretion Desk, I would like to highlight a particular meteorite from
Ukraine as well as share some links to my past articles here at the Meteorite Times where I showcased
Ukrainian meteorites.

Here are the links:

Chervony Kut, a glorious eucrite with gorgeous crust and a fascinating interior. (fell 1939)

Borkut, an odd dark matrix filled absolutely packed with chondrules. (fell 1852)

Krymka, a stunning LL3.1 that is what I imagine space travel in virtual reality should look like. (fell 1946)

Yurtuk, a classic glossy black howardite that hit a house. (fell 1936)

And here is another Ukrainian meteorite, a near complete individual from Knyahinya which arrived in a
massive fall of over a thousand individuals with a total known weight over 500 kg. This L/LL5 chondrite fell
on June 9, 1866 following a bright fireball and loud detonations. While many individuals fell, an single
individual weighed an astonishing 293kg alone.
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But today, those loud detonations in Ukraine are not the joy of fresh deliveries from interplanetary space,
but rather a horror worthy of apocalyptic thoughts. Raining from the sky are now bombs, missiles and
projectiles all steering future history into a dark chapter where, like many of our historic meteorites, the
place and time of the space is in question.

I think back to the Borodino meteorite and consider how the War of 1812 when Napoleon marched on
Moscow is being replayed but with different characters and directions. The longing to occupy what you don’t
have is a powerful drug for those in command of a military force. Of course this current situation has a
different spin on politics, economics, treaties, and anything else one throws into the meat grinder of history,
but the view from space still shows soldiers forced into a battle many don’t want for land they don’t need,
and no clear path to stop it peacefully.
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So Ukraine, we hold your meteorites with special care and attention right now. And as you might recall,
when Knyahinya fell back in 1866, we here in the USA were struggling to come to terms with our own battle.
Our war with ourselves had just ended, but our country continued on. May you have the same success we
did.

Until next time….
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A Month in the Lab
James Tobin

Most of the readers of this article know by now that I cut a large number of meteorites during a year. I have
been particularly busy lately. For the last couple of months, I have been cutting every day. I have stopped
cutting for anyone else all this work is just for the Meteorite Exchange our company.

I thought for this article I would take you on a journey through a month in my lab. It started with a 300+
gram Allende. The first thing I noticed on this stone was the very large chondrule sticking halfway out of the
surface. It is the largest chondrule that I have ever seen in an Allende stone and over the years I have cut
many good size Allende meteorites.
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I got about forty slices from the stone with two end cuts of course. I lapped them on both sides to smooth
them and then lapped one side to 600 grit. Polishing Allende is always an iffy situation. Some stones
benefit from the polish but most of the time the stone is just darkened and suffers a reduction in contrast
and chondrule visibility. I tested one slice by polishing it and did not like the results so I left the slices at 600
grit a nice pre-polish stage. I rubbed the surface four times with an isopropyl alcohol-soaked tee shirt rag to
remove the carbon powder from cutting and lapping. This step makes a huge difference in how Allende
looks when dry. I put all the slices into silica gel beads and let the alcohol get fully absorbed. I save the
Allende dust from cutting and lapping so I was not done with Allende until the wash down of the equipment
was completed.

I had several dozen slices of NWA 13758 a great-looking R3 chondrite to finish. They were sliced and
smoothed but needed to be lapped with very fine grit and polished if it helped the slices. This time 1500 grit
from a worn-out disc was the best surface for the most visibility. 3000 grit did not make much of an
improvement over the 1500 grit. Finishing these slices was the end of a batch of work I had started several
weeks earlier. I had another batch of meteorites already in my “IN” tray. These were all more exotic.

I have to clean the saw and lap after doing chondrites before I start working on Martians and Lunars. I have
to clean after each of these as well. We save the dust from the individual meteorite names separately.

I cut and prepared two Shergottite stones and a Nakhlite stone. The following image shows the slices from
the two Shergottite meteorites. Both the stones were good-sized NWA 12269 individuals. Some of the
slices from the second stone were still wet from cutting when the image was taken and appeared dark in the
picture. It is a pretty greenish-gray color with the dark brown and black crystals showing well.
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I cut the small 9.3-gram Nakhlite (NWA13669) next and got several slices. It is a friable stone and I did not
lap or polish the slices. The sheering forces in the lapping and polishing steps would have torn the fragile
little slices into crumbs. My blade is very thin and I feed slowly with an infinitely variable digital speed
controller of a stepper motor so there are no significant lines on the slices anyway. They turned out nice
though small. Having a Nakhlite in a collection even a small piece is a big deal since they are so rare.

Next came a change over to lunar meteorites with of course a cleaning to get the martian out of the
equipment. I had a good size NWA 11182 that had been cut in half before we bought it.
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It looked rather bland on the surfaces we received so I rotated the stone and cut through the two pieces a
different way. I could see on the outside that there was some color and interesting rock on the other parts of
the stone. I did not want to get several more slices of the featureless material if I could cut through a nice
mix of the rock. This turned out to be a great decision. All the slices had beautiful colors. NWA11182 is the
most colorful Lunar I have ever cut. I have at this point cut about fifty lunar stones totaling about 5 or 6
kilograms and none so far had the rich spectrum of colors of NWA 11182.
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These are the slices I was able to get from the two pieces of NWA 11182. I lapped and polished all the
slices finishing off at 50,000 mesh diamond.
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This is one of the full slices of NWA11182 when it was finished. I love the reds, browns, and maroon colors
it has, especially after working with white, grays, and black in most other Lunar stones.

Then of course there was another cleaning of the equipment so I could cut 24 small 1.8-4 gram lunar
stones of NWA 11474. Up until recently I would have just ground a flat window on these size stones and
lived with the waste that was created. But I worked out a method to hold and cut the small stones utilizing
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the same processes I already did with big stones. I have for decades attached the meteorites to aluminum
mandrels so that I could precisely move stones slice after slice using a dial micrometer to control the
thickness of each cut. I just needed a device to hold tiny meteorites the same way.

Here is what I did. I went to the garage and cut a piece of ½ inch aluminum rod the length of my standard
aluminum tubing mandrels, about 6-7 inches in length. I turned down the outside of the rod until it was
precisely the diameter that slides into the mandrel holder. This was necessary because ½ inch aluminum
rod is often not actually ½ inch. In this case, it was about 9 thousandths of an inch oversize and did not go
into the mandrel holder. After getting it to the correct diameter I milled a flat on one spot so I could properly
drill a nice straight hole in the side of the rod. This hole I then tapped with threads so I could screw in a
locking knob. I then bored a hole down the end of the rod nicely centered and well past the depth of the
locking knob hole. Actually, I bored this hole about 1 ½ inch deep and a diameter of 1/8 inch. A final 45°
chamfer on the end of the rod with the knob and a perfectly flat face on the opposite end. The machine work
was done on the “micro mandrel holder” as I call it.

The final step in my new try at holding tiny meteorites for cutting was to make the tiny mandrels. That was
easy. I took medium size nails with heads and 1/8 inch shanks and cut off the pointed end. The pointed end
is always larger than the shank and would not have gone into the 1/8 inch hole. I ground the cut end flat,
smoothed, and deburred it with a file. It went in easily and without any wiggling into the aluminum holder. I
repeated the nail making until I had a nice batch. They would lock tightly in place with the knob. Now I could
precoat the heads of the nails with dop wax and later attach tiny meteorites to these micro mandrels. I could
still move them laterally through the blade as always. I would get two endpieces and one or two slices from
all the tiny lunar meteorites.

At this point, I guess I should say that the dop wax I use in no way damages the meteorites. It melts at a
low temperature and yet it is hard when cooled. It also completely dissolves away in isopropyl alcohol
leaving no residue. It can not be used on some meteorites that are friable or porous but is suitable for most
meteorites. I handle the few meteorites that are unsuitable for dop wax using other methods.



Here is an image of the little lunar (NWA 11474) meteorites attached to the tiny mandrels. The bead is
approximately one centimeter on each side. The next image is of the tiny mandrel holder in the saw and
one NWA 11474 lined up with the blade ready to cut off the end.
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Well, as the following image shows the new holder worked very well. I was able in a short time to cut 24
small NWA 11474 fragments of Lunar meteorite into 60 end cuts and slices. Even though the image only
shows about thirty cut pieces the photo was taken after cutting just ten of the mounted stones. The slices
were easily lapped to 600 grit on one side and polished to 50,000 mesh diamond on the other. The
numerous end pieces were finished to 50,000 mesh as well. The waste in lapidary work for the 24 piece
project was 17%. Which for 60 cuts was very good in my opinion compared to the loss in grinding flat faces
on the 24 lunar meteorite pieces. The window grinding would have produced higher waste than the cutting,
light smoothing, and polishing of the new method. Also, I would grind a great amount of meteorite off to get
even a small polished window. The picture shows that cutting allowed me to get large polished surfaces by
carefully aligning the tiny meteorites on the mandrels.
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All the description in the previous paragraphs works for only my saw but it might spark an idea for someone
else. I am getting pretty old and I don’t mind so much giving up a secret or two now and then.

After one more cleaning of the saw and lap, I moved on to cutting a batch of eucrite slices. The business
was going to buy 400 grams of a stone I had gotten in partnership with Jason Phillips a few months ago. It
was officially published in the Meteorite Bulletin in October 2021 so ready for sale. It is a cool eucrite
meteorite mostly showing a gray matrix but some pieces are a light golden orange shade. It was a sturdy
stone that cut well and though porous as most eucrites are it took a high polish. To fill the 400-gram order
took almost 80 slices and consumed five of the stones in my half of the purchase. I picked nice-looking solid
cutter stones, but not the real gems from the 1500 grams I had of NWA 14370. Still several of the ones I cut
had fusion crust on portions of their surface.

As the month ended I had two more large slices of Shergottite to dice up. It was
an easy job as the large slices were already polished on one side. But a big final job for the month was the
slicing of a 300+ gram NWA 13788 Lunar. It is a different-looking stone when cut. All dark inclusions with
low contrast. There appeared to be a bit of fusion crust in spots on the stone. It was the hardest darn rock I
have cut in a long time. Difficult to lap as well. But after a few hours of work, I got the slices shown in the
next image.
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So that’s a summary of a month in my lab. I took a few days off here and there but mostly I was working all
month. I cut a few hundred slices and lapped them on both sides and I polished one side on most. There
was a lot of cleaning this month of the saw and lap. Much time is consumed in decanting off the water until I
got a mud of meteorite dust drying in old photo development trays. Time is consumed in gathering, sieving,
weighing, bottling, and labeling the various dusts. The exotic meteorite dust we sell. The more ordinary dust
I still collect and use in ceramics. I am looking forward to experimenting with the eucrite dust to see what
colors I can make adding it in clay and glaze. All the meteorite slices and endpieces have to be wrapped
carefully and put in boxes for safety. It does not sound like a big deal but it takes a bit of time to wrap or
layer with bubblewrap hundreds of meteorite slices. These extra tasks fill up the month of cutting so that it is
harder to say I am retired. But this is more fun than work and I get to handle and make beautiful the rarest
material on the planet and that is quite special.
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NWA 13937 Lunar (feldsp. breccia) 

by John Kashuba 

 

This two inch long slice was a gift from Hanno Strufe who owns one kilogram of this material with 

Ismaily Sidi Mohamed. Of course I immediately sent it to be thin sectioned.   

 

NWA 13937 is a lunar feldspathic breccia. Dr. Ansgar Greshake describes it as predominantly 

composed of lithic and mineral clasts in partly shock melted and vesicular matrix.  In this case the 

melt is intimately mingled with non-melted mineral grains and clasts. It is a frozen slurry. 

 

 

 
The original slice. Oddly, after having been thin sectioned these two lighter colored clasts appear 

darker than surrounding material. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
I had the slice cut into three pieces to fit all of it onto slides.  Here we view them from the back to 

match the view above.    

 

 

 

 

 
The first slide above. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
Sample is 25mm along the base. Outlined area is enlarged below. Transmitted light. 

 

 

 
Under magnification it appears chaotic but there are some areas where we can see clear evidence of 

flow. Outlined area is enlarged below. Transmitted light. 

 

 

 

 

 

 



 

 
A jumble of melt and minerals. This and all following photos are thin sections in partially crossed 

polarized light, PXPL, which gives the best view of this glass and crystalline mélange. 

 

 
Slightly higher magnification.  FOV= 3mm, PXPL. 

 

 

 

 

 



 

 
Higher magnification.  FOV= 1.4mm, PXPL. 

 

 

 
FOV=0.9mm, PXPL. 

 

 

 

 



 

 
Here are more areas of flow that I found in other thin sections of this meteorite. FOV=3mm, PXPL. 

 

 
FOV=0.9mm, PXPL. 
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FOV=0.9mm, PXPL. 

 

 
FOV=0.9mm, PXPL. 

 

 

 

 

 



 

 
FOV=0.9mm, PXPL. 
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Russian Academy of Sciences Meteorite Museums and Meteorite Collection
Mitch Noda

I have always admired the world class Russian Academy of Sciences (RAS), especially the meteorite
museums and meteorite collection. The RAS was established on February 8, 1724 in Saint Petersburg,
Russia. It now consists of a network of over 1,000 scientific research institutes from across Russia and is
now headquartered in Moscow. It combines members of the RAS who are elected based on their scientific
contributions, and scientists of its institutions. There about 450 foreign members of the RAS or just under
20% of the RAS membership. The RAS employs about 125,000 people of whom 47,000 are scientific
researchers. From 1933 to 1992, the main scientific journal to the RAS was the Proceedings of the USSR
Academy of Sciences, and after 1992, it became simply the Proceeding of the Academy of Sciences.

Various meteorites from the Russian Academy of Sciences meteorite collection. Photo credit/courtesy of the
Vernadsky Laboratory of Meteoritics (website).
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A beautiful oriented Sikhote Alin with the signature white cloth
Laboratory of Meteoritics of the Vernadsky Institute of
Geochemistry and Analytical Chemistry of the Russian Academy
of Sciences labels attached to it. Photo credit/courtesy of the
Vernadsky Laboratory of Meteoritics (website).

The Russian Academy of Sciences has about 25,000 meteorites in its collection which includes duplicates
from the same location. About 3,000 meteorites in their collection are from different locations, which include
150 falls. 182 of the collection’s meteorites were collected on the Russian and USSR territory. They are
mostly represented by the main masses. The RAS collection also include Impactites and Tektites. The
Russian Academy of Sciences meteorite collection is the largest meteorite collection in Russia.
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A beautiful 120.1 gram Sikhote Alin shrapnel iron with natural patina with the famous white cloth Laboratory
of Meteoritics of the Vernadsky Institute of Geochemistry and Analytical Chemistry of the Russian Academy
of Sciences labels attached to it, and accompanying paper label from the Laboratory of Meteoritics of the
Vernadsky Institute of the Russian Academy of Sciences obtained from my friend Mike Farmer.
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A look at one side the RAS shrapnel piece. The top cloth label on the Sikhote Alin indicates the weight in
grams. The bottom cloth label corresponds to the number assigned to it from the Vernadsky Institute of the
RAS.
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A view of the other side of the RAS sharapnel specimen. The cloth label corresponds to the number
assigned to it from the Vernadsky Institute of the RAS which matches the corresponding paper label.

My friend Dr. Alan Rubin (UCLA) introduced me to Dr. Marina Ivanova, Senior Scientific Researcher at the
Laboratory of Meteoritics and Cosmochemistry of the V.I. Vernadsky Institute of Geochemistry and
Analytical Chemistry. I mentioned to my new friend, Marina, that I noticed on the Fersman Museum Russian
website that there was a reference to the Soviet Academy of Sciences. I asked her, was the Russian
Academy of Sciences ever called the Soviet Academy of Sciences? Her response is below:

“In Russia, the Academy of Sciences was founded in 1724 in St. Petersburg by decree of Peter I
and was originally called the Academy of Sciences and Arts. In 1803 it was renamed the Imperial
Academy of Sciences, in 1836 – the Imperial St. Petersburg Academy of Sciences, in 1917 – the
Russian Academy of Sciences, and in July 1925 – the Academy of Sciences of the USSR. If in the
pre-revolutionary period the activity of the Academy was concentrated mainly in St. Petersburg,
where most of its members lived, then after the October Revolution the situation changed:
scientists working in different cities of the country began to be elected to the Academy of Sciences.
At the same time, the organization of branches and research bases of the Academy of Sciences in
the republics, territories and regions of the USSR began, and planning of research work was
carried out. When in April 1934 the presidium [headquarters] of the Academy and 14 scientific
institutes were transferred from Leningrad to Moscow, the system of the Academy of Sciences of
the USSR included about 80 scientific institutes with about 2 thousand scientists (from all republics,
Estonia, Ukraine, Georgia, Belorussia….).
After the Soviet Union collapse the Academy of Science of USSR began again Russian Academy
of Science. Today, the Russian Academy of Sciences is the State Academy of Sciences in
RUSSIA, the country’s highest scientific organization, a leading center for fundamental research in
the natural and social sciences in RUSSIA.
Estonia, Ukrania, Latvia, Belorussia and other [former] republics have their own Academies of
Sciences.”
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Therefore, the RAS was never formally called (named) the Soviet Academy of Sciences (SAS) although
informally, the Soviet Academy of Sciences name is occasionally used like on the Fersman Museum
website.

My 28.5 gram Ochansk with Oscar Monnig – Texas Christian University (“TCU”) label, and hand painted
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Monning number obtained from my friend Mike Bandli. The hand painted white “M” stands for Monnig, the
“199” was his designated number for Ochansk, and the “.1” meant this was the first Ochansk Monnig
numbered – a very special meteorite. Oscar Monnig had one of the world’s largest private meteorite
collections with about 3,000 specimens which he donated to TCU. Monnig was a founding member of the
Society of Research on Meteorites later renamed the Meteoritical Society.

https://www.meteorite-times.com/Back_Links/2022/march/RAS-6_Ochansk-label.jpg


The Ochansk fragment with attached small blue label and accompanying typed paper label that my friends
Sergey Vasiliev, Mike Bandli, and I thought were possibly from the RAS.

A close up of the small blue label with number 496 attached to the Monnig Ochansk specimen. Dr. Marina
Ivanova, Senior Scientific Researcher at the Laboratory of Meteoritics of the Vernadsky Institute told me that

https://www.meteorite-times.com/Back_Links/2022/march/RAS-7_Ochansk.jpg


the Ochansk specimen was not from the RAS because the number 496 is not in the RAS database. She
said, it was probably from one of the former republics of the Soviet Union such as Estonia or Ukrania which
had their own meteorite committees and meteorite collections. They would have done their own trades of
meteorites.

There are two meteorite museums in the Russian Academy of Sciences. They are the Museum of
Extraterrestrial Material of the Russian Academy of Science, and the Fersman Mineralogical Museum. The
Laboratory of Meteoritics of the Vernadsky Institute of Geochemistry and Analytical Chemistry of the
Russian Academy of Sciences is the custodian of the meteorite collection of the Russian Academy of
Sciences, but is not a museum. A part of the RAS meteorite collection is exhibited in the Museum of
Extraterrestrial Material at the Vernadsky Institute, and in the Fersman Mineralogical Museum of the
Russian Academy of Sciences. Only the Fersman Mineralogical Museum is open to the public.

A photo of the Museum of Extraterrestrial Material of the Russian Academy of Sciences Photo
credit/courtesy of the Vernadsky Laboratory of Meteoritics (website). The Museum only allows visitors with
appointments and is not open to the public.

There are other museums that have meteorites like the State Museum of the South Ural History (formerly
the Chelyabinsk State Museum of Local History) which houses the main mass of Chelyabinsk. The
Geological Museum of the Russian Academy of Sciences houses meteorites, but these meteorites do not
belong to the RAS . The Geological Museum has their own collection of meteorites which were donated
from private dealers, collectors and other people. Only two museums, the Museum of Extraterrestrial
Material of the Russian Academy of Science, and the Fersman Mineralogical Museum house the meteorites
of the RAS.

In 1749, the RAS’ meteorite collection began with its first meteorite – a 700kg stony-iron – the legendary
Krasnoyarsk (Krasnojarsk) meteorite. Kaspar Mettich, an Inspector of Mines for the Krasnoyarsk Province,
and Yakov Medvedev, a blacksmith, are credited for finding the meteorite near Krasnoyarsk. Although the
local Tartar people knew about the iron boulder and its possible origin. The boulder was a sacred object for
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the Tartars who thought it was a holy stone fallen from Heaven. Medvedev, who lived a wandering life
learned about the iron boulder from the local Tiaga tribes which he called the Tartar people. He decided to
take a look at it while searching for an ore deposit. Whether it was for duty or profit, Medvedev showed
Mettich the iron boulder. In 1771 or 1772, Mettich wrote a report to Pyotr S. Pallas (Peter Simon von
Pallas), zoologist, botanist and Fersman Museum Director, saying that he had noticed an iron boulder lying
near a mineshaft. Medvedev could not have written anyone about his find since he was illiterate. Medvedev
haulded this iron boulder down from the mountains. Pallas’ servant Yakub visited Medvedev, and chiseled
off a 40 pound (18 kg) piece of the boulder and brought it to Pallas. Pallas saw something in the iron
boulder that made him report it immediately to the RAS in St. Petersburg. Naturally occurring terrestrial iron
is rare. The RAS after some hesitation transported the boulder to the capital.

Krasnoyarsk (Krasnojarsk) was the first pallasite ever found that was studied for the first time as a meteorite
in 1794 by Ernst Chladni, and led to the creation of the Pallasite group named after Pyotr Pallas. In 1794,
Chladni’s book Über den Ursprung der von Pallas gefundenen und anderer ihr ähnlicher Eisenmassen und
über einige damit in Verbindung stehende Naturerscheinungen (“On the Origin of the Iron Masses Found by
Pallas and Others Similar to it, and on Some Associated Natural Phenomena”) laid the foundation of
scientific meteoritics. Krasnoyarsk is sometimes called the Pallas iron, the name given to it by Ernst
Chladni. Krasnoyarsk was the first meteorite etched with acid by William Guglielmo Thomson to reveal the
Widmanstatten pattern also known as Thomson structures. Thomson was treating the Krasnoyarsk
meteorite with nitric acid to remove the dull patina caused by oxidation. After the acid made contact with the
metal strange patterns appeared on the surface which he described in detail.

In 1808, Widmanstatten pattern was named after Count Alois von Beckh Widmanstatten, Director of the
Imperial Porcelain works in Vienna. While flame heating iron meteorites, Widmanstatten noticed color and
luster zone differentiation as the various iron alloys oxidized at different rates. The discovery was
acknowledged by Carl von Schreibers, Director of the Vienna Mineral and Zoology Cabinet, who named the
structure Widmanstatten. However, it is believed the discovery of the metal crystal pattern should have
been assigned to William Guglielmo Thomson, as he published the same findings four years earlier.

An amazing storybook way to start a meteorite collection with the Krasnoyarsk (Krasnojarsk) meteorite and
its rich history.

The main mass of 514.55 kg (1,134 lbs) of the Krasnoyarsk (Krasnojarsk) meteorite is now in Moscow at
the Fersman Mineralogical Museum, Russian Academy of Sciences. The Fersman meteorite collection
grew to be the largest collection in Russia. From 1935 to 1939, almost all of the meteorite collection was
reissued to a newly organized Meteoritic Commission (later Committee on Meteorites) of the Soviet
Academy of Sciences. A significant part of the meteorite collection, including meteorites collected after
1939, are on permanent display in the Fersman Mineralogical Museum under the curation of the Meteoritic
Committee. The collection is comprised of about 300 meteorites of different localities, 57 impactites, and 22
Tektites. In addition, it has 28 different, mostly rare, mineral specimens found in meteorites that are
catalogued as minerals. It also houses the largest mass of Sikhote Alin, a 1,745 kg specimen. The Fersman
Museum has their own repository of meteorites that do not belong to the meteorite collection of the RAS
curated by the Vernadsky Institute.



A pin and stamp of acclaimed scientist Vladimar Vernadsky. The pin states, Russian Academy of Natural
Sciences. The stamp on the left says, Academic Vernadsky and bottom notes, Post of the USSR.

The Laboratory of Meteoritics of the Vernadsky Institute of Geochemistry and Analytical Chemistry of the
Russian Academy of Sciences, located in Moscow, is the curator and custodian of the meteorite collection
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of the Russian Academy of Sciences. The Vernadsky Institute has a small Meteorite Museum – The
Museum of Extraterrestrial Material of the Russian Academy of Science (about 300 meteorites from
different localities) for visitors with appointments, and a big international repository of meteorites for
research. The Institute of Geochemistry and Analytical Chemistry is named after Vladimir Ivanovich
Vernadsky, a celebrated Russian mineralogist, naturalist and historian of science, the father of
geochemistry, biogeochemistry, radiogeology and cosmochemistry, and the founder of the influential
Ukrainian Academy of Sciences (now the National Academy of Sciences of Ukraine). He was one of the
first scientists to recognize that the oxygen, nitrogen and carbon dioxide in the Earth’s atmosphere result
from biological processes. Towards the end of the 19th century, the mineral collection was diminishing due
the museum gravitating toward geology and paleontology whereby the mineral collection was being
replaced by rocks and fossil exhibits. In the early 20th century, Vernadsky was in charge of mineralogy, and
it once again thrived under his leadership. Vernadsky was credited with hiring many young, talented and
energetic scientists.

In 1939, Vernadsky was the first head of the Meteorite Committee, and at his urging the fundamentals of
research on meteorites was organized in the USSR, and the Meteorite Committee and journal Meteoritika
were founded. Emphasizing the increasing importance of Meteoritics, Vernadsky wrote: “It seems to me that
the significance of Meteoritics is only now entering scientific significance. We have a large amount of ready
material for these studies – this is the meteorite collection of the Russian Academy of Sciences. It could not
and should not be untouched museum material, but should simultaneously be both preserved and used as
a tool of directed scientific study. Once destroyed, a meteorite cannot be replaced, because each fall is a
one-of-a-kind natural body, a unique natural phenomenon sometimes of unique importance. Especially for
the field of knowledge, the conscious participation and understanding of the broad masses of the population
are needed. The number of meteorites recovered is directly proportional to the cultural level of the
population, and its activity in recovering them.”



A 212 gram Sikhote Alin covered in Regmagypts with unique cloth label and matching paper label from The
Vernadsky Institute of the Russian Academy of Sciences obtained from my friend Matt Morgan. The plastic
pouch is the original from the RAS.
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The other side of the RAS Sikhote Alin.
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The RAS Sikhote Alin.
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A rich history captured in letters of the trade for my 212 gram Sikhote Alin with the USSR Academy of
Sciences. What outstanding provenance! Dr. Marina Ivanova informed me that the Russian Academy of
Sciences rarely does trades.
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The outer packaging for the box that contained my RAS Sikhote Alin. The address is no longer valid for the
Committee on Meteorites for the USSR Academy of Sciences.
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A letter out of a time capsule from over three decades ago sent by the RAS.
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A voyeur’s peek into the past. Note the P.S. which mentions the meteorite catalogue of the Soviet meteorite
collection.

https://www.meteorite-times.com/Back_Links/2022/march/RAS-16_RAS-letter-Sept-1989(catalog).jpg


The meteorite catalogue mentioned in the letter. The RAS no longer prints its meteorite catalogues on paper.
The RAS keeps an electronic database of its meteorites in its collection.
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A page from the RAS meteorite catalogue that lists Sikhote Alins. Unfortunately, like many others, mine was
not listed in the catalogue.
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Black twine that once wrapped the package containing the RAS Sikote Alin and a lead seal stamped with
“AH CCCP.” Per Dr. Marina Ivanova, the “AH CCCP” is a Russian abbreviation of The Academy of Science
of the USSR.
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The twine with the other side of the lead seal stamped with “KMET.” Per Dr. Marina Ivanova, the “KMET” is
an abbreviation in Russian for The Committee on Meteorites.
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Initial Sample Return Analysis from Asteroid Ryugu
Gregory T. Shanos PharmD

The Japanese Space Agency (JAXA) launched a spacecraft named Hayabusa2 (Hayabusa means Falcon)
to study asteroid 162173 Ryugu on December 3, 2014. Ryugu is classified as a C-type carbonaceous
asteroid. (See figure 1) Hayabusa2 arrived at Ryugu on June 27, 2018 then successfully orbited and
mapped the asteroid. The spacecraft soon deployed a series of two rovers and a small lander on the
surface. Then, on Feb. 22, 2019, Hayabusa2 fired an impactor into the asteroid to create an artificial crater
thus allowing the spacecraft to retrieve a sample from beneath the surface of the asteroid. On Dec. 6, 2020,
the Hayabusa2 returned to earth and released a capsule containing a sample of the asteroid. The capsule
made a fiery entry through our planet’s atmosphere and parachuted to a landing site inside the Woomera
Range Complex in the South Australian Outback. (I personally visited Woomera, Australia on December 4,
2002 during a total solar eclipse expedition).

The Hayabusa2 mission is similar to NASA’s OSIRIS-REx mission to the carbonaceous asteroid Bennu.
OSIRIS-REx successfully collected a sample from Bennu on October 20, 2020 and is currently headed
back to earth and scheduled to arrive on September 24, 2023. Thus we will ultimately have samples from
two different carbonaceous asteroids for analysis back on Earth.

The initial analysis of these samples are published online in the December 20, 2021 issue of Nature
Astronomy (See Ref 1 &2). A total of 5.424 ±0.217 g was collected from Ryugu and kept as physically and
chemically pristine as possible, handled only in a vacuum of pure nitrogen. The samples were divided into
two main Chambers labeled A and C. Each chamber was further divided into three subunits Aa, Ab, Ac, Cd,
Ce, Cf. (See Figure 2).

Chamber A contains a total of 3.237 ±0.002 g collected during the first touch-down sampling at the
equatorial ridge region of Ryugu. These samples represent the surface materials of Ryugu at the uppermost
centimeter-scale layer, and that this layer was influenced by radiation, temperature cycling and micro-
meteoritic impacts.

Chamber C contains a total of 2.025 ±0.003 g collected during the second touch-down sampling at a site
proximal to the artificial crater excavated by the Small Carry-on Impactor. The samples in Chamber C
represent subsurface materials excavated by the impact experiments, and that these samples have not
experienced long-term exposure to space.

The average bulk density of Ryugu particles in both chambers A and C is 1,282 ±231 kgm−3 . This value is
lower than the average bulk density of CI chondrites which is 2,110 kgm−3. The Tagish Lake meteorite has
the closest bulk density value at 1,660 ±80 kgm−3 making it the most porous meteorite. (See Photo 1)
Assuming that millimeter-sized sample grains have the same grain density as CI chondrites, the
microporosity of Ryugu samples is estimated to be 46%. This value is consistent with the porosity
determined by instruments onboard the Hyabusa2 spacecraft. Thus the microscopic observations and
weight measurements for the Ryugu samples imply low density and a high microporosity.

Samples from Chambers A and C both show a very dark albedo of approximately 0.02 or 2% which is in
agreement with remote-sensing data of Ryugu’s surface taken by the spacecraft Hyabusa2. The chambers
are spectroscopically homogeneous and featureless without high-temperature components such as
chondrules or Calcium–Aluminum-rich inclusions but have many bright and patchy fine inclusions. Optical
and infrared microscopic images show most of these bright spots disappear in different viewing angles and
do not exhibit distinctive spectral signatures. These bright spots are not intrinsic, such as Calcium Aluminum
Inclusions and chondrules, but caused by different photometric conditions.

Chamber A and C samples both exhibit clear absorption features at 2.7 µm and 3.4 µm. (See Graphs 1 &
2). The narrow and relatively deep absorption feature at 2.715 ±0.005 µm indicates the presence of
hydroxyl (OH) in the samples, which is comparable to the 2.72 µm absorption feature detected across the
surface of Ryugu.

The absorption centered at 3.4 µm, corresponds to both carbonates and Carbon-Hydrogen (CH)-rich
phases. The 3.4 µm feature points more toward long chain aliphatic compounds (CH2/CH3). The absorption
centered at 3.1 µm is interpreted to be nitrogen-rich compounds that may be hydroxylated. Candidates
include ammoniated phyllosilicates, ammonium hydrated salts or nitrogen-rich organics.

The spectrum in the 1.9–2.55 µm range has weak structures at ~2.32 µm, ~2.13µm and ~2.5µm that can be
attributed to magnesium hydroxide (Mg–OH) bearing minerals. In addition, a deep reddish slope at
wavelengths < 1.6 µm uniquely points to an absorption by Fe2+ as a key component, potentially coupled to
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other ions of calcium or magnesium.

These detections are evidence of aqueous alteration of Ryugu’s parent body and consistent with the lack of
high-temperature calcium aluminum inclusions and chondrules. Evidence thus far indicates that asteroid
Ryugu is most similar to CI chondrites than to any other type of meteorite found on Earth. (See Table 1).
Current evidence suggests that asteroid Ryugu is dominated by hydrous carbonaceous chondrite-like
materials, similar to CI chondrites with a darker, more porous and fragile nature.

These first three research papers performed a non-destructive compositional and physical analysis of the
returned samples from asteroid Ryugu. These samples appear to be among the most primordial material
available for study in the laboratory. The color, shape, surface morphology, and structure of the returned
pebbles and powder in Chambers A and C match those of Ryugu’s surface material observed from the
Hyabusa2 spacecraft. (See references 1,2,3)

Figure 1: Asteroid 162173 photographed from a distance of approximately 12 miles (19 kilometers). Ryugu is
a rather small asteroid measuring 0.87 km (0.54 miles) x 0.92 km (0.57miles) x 1.13 km (0.70 miles). The
mass of Ryugu is estimated to be about 450 million tons with a volume of 0.377 ± 0.005 km3 and density of
1.19 ± 0.03 g/cm3 . Image credit: JAXA, University of Tokyo, Kochi University, Rikkyo University, Nagoya
University, Chiba Institute of Technology, Meiji University, University of Aizu, AIST
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Figure 2: Optical microscopic images of bulk samples from Chambers A and C. Subunit samples (a) (b) (c)
are those from the Chamber A while (d) (e) (f) are those from the Chamber C. The specimen weights for
Chamber Aa are 0.79g, Ab 1.15g and Ac 1.16g. Weights for Chamber Cd are 0.56g, Ce 0.44g and Cf 0.51g.
Container inner diameters are 21mm (0.827 inches). Both chamber samples are an aggregation of black
millimeter-sized pebbles and sub-millimeter fine powder similar in size and composition. In total, more than
five thousand particles of >100 µm2 are recognized in these images. (Photo from Reference 1 article and
JAXA website)
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Graph 1: Bulk A and C reflectance spectra from MicrOmega, a hyperspectral microscope operating in the
near-infrared compared to normalized spectra at the surface of Ryugu. Note the 2.7 µm absorption line
indicates the presence of hydroxyl (OH). Water (H2O) dissociates into H+ and OH– . (From Reference 2)

Graph 2: The 3.4 µm feature is characteristic of both Carbon-Hydrogen (CH) rich spectrum at a localized
spot- graph (a) while graph (b) is typical of a carbonate-rich spot. (From Reference 2)

Table 1: Ryugu samples compared with various meteorites. The Ryugu samples did not contain any
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chondrules or calcium aluminum inclusions. The bulk density was also lighter than collected meteorites. The
closest match to the Ryugu samples is the Tagish Lake carbonaceous chondrite. (From Reference 1)

Photo 1: Tagish Lake meteorite from the authors
personal collection. Tagish Lake is a classified as a CI2
(ungrouped) carbonaceous chondrite which fell in
British Columbia, Canada (59°42’15.7″N., 134°12’4.9″
W) on January 18, 2000. Two hundred individuals were
collected totaling 5-10 kg (11- 22 lbs). Specimen is a
fragment weighing 0.284 grams and measuring 10mm
x 7mm x 4mm. Photo by the author. Tagish lake is the
meteorite that is the closest match to the asteroid
Ryugu samples.

Addendum: Amino acids have just been confirmed in the Asteroid Ryugu samples. More on this important
finding in the May issue of Meteorite-Times magazine.
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The St-Robert meteorite fall
Vincent Stelluti

The St-Robert meteorite fall
(As if you were there)

In Saint-Robert, a small village 15 km from Sorel-Tracy, as in all of southwestern Quebec, Canada, the
evening of June 14, 1994, promises to be balmy and peaceful. The corn is already sown and the farmers
are enjoying the good weather.

At 8:00 p.m., the weather station of St-Guillaume, located 20 km south-east of St-Robert, reports a clear
sky with a few clouds and a temperature of 21° C.

At the same time, on television, begins Game 7 of the Stanley Cup Final between the New York Rangers
and the Vancouver Canuks. Mr. Forcier’s cows graze in a field next to the farm located on Chemin de Saint-
Thomas, where, Stéphane, the 21-year-old son of Mr. Forcier, is on his bicycle heading home.

At 8:00:13 p.m., the sun is low over the horizon in St-Robert. In space, 1500 km from St-Robert, an
asteroid fragment of around 1600 kg is speeding at 13 km/s on a collision course with the Earth. Seen from
there, the Earth is enormous, it occupies almost half of the sky; impossible to miss it. The meteoroid enjoys
the last moments of tranquility in interplanetary space. For the moment, only a few rare particles come to
tickle its surface; the loss of speed under these conditions is completely negligible.

At 8:01:44 p.m., 500 km from the Earth’s surface, the meteoroid passes over Peck Lake in New York State.
From this height Lake Ontario can be seen clearly to the left and on the right, Boston is shining in the last
rays of day light.

At 8:02:20 p.m., 100 km from the Earth’s surface, the meteoroid begins to feel the still light breath of the
earth’s atmosphere. Saint Jean sur le Richelieu is almost immediately below and, on the left, the city of
Montreal is now clearly visible.
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At 8:02:24 p.m., 62 km above the ground, the air is dense enough that the meteoroid, by compressing it,
brings its temperature up to several thousand degrees Celsius. For tens of meters around it the over-heated
atmosphere emits light, the glowing meteoroid sits in the center of a fireball. A meteor now appears in the
sky and is visible for more than 500 km around. The intense heat melts the rock superficially and this liquid,
hot and viscous, flows to the rear of the meteoroid where it forms a thick smoke as it cools. A whitish trace
marks now the trajectory in the sky.

At 8:02:26 p.m., 38 km above the ground, the increasingly dense air starts to affect the meteoroid, which
begins to break up. A few pieces are detached from the main body, but the meteoroid continues its course
following the same heading of 202 °.

A fraction of a second later, the meteorid is now over Saint-Bernard-de-Michaudville (QC), 36 km above the
ground. Here, with its speed now only 8 km / s, the deceleration, produced by the exponential increase in
atmospheric density, is more than 20,000 times the acceleration of Earth’s gravity. The meteoroid is then
under untenable stress and cannot help but explode. At this moment, the meteor shines brightly and
reaches a stellar magnitude of -18. It then dissipates 50 GW in light energy, a power greater than that of
Hydro-Québec during peak winter consumption. About 98% of the mass is pulverized, the rest being broken
up into many pieces.
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On the ground, thousands of people from Quebec, Ontario, New York State, New Hampshire, Vermont,
watch this silent fireworks display. Danièle Jodoin from Montreal sees a big orange ball with a trail. She
thinks it is fireworks, but is surprised by the size of the fireball and how it is going down instead of up. She
thinks she is “going crazy”. She calls out to her husband Stéphane Hamel, who, with his back turned to the
fireball, is surprised that the window in front of him is turning a fiery red.

At 8:02:30 p.m., 20 km above the ground, a small cloud of the surviving stones passes over No 576,
chemin de Picoudi. The speed of the largest piece to have survived the ablation and explosion drops below
3 km / s. The energy released is no longer enough to ionize the surrounding air, the meteor is extinguished
and the dark flight begins. As the meteoroid descends, it sinks into increasingly dense layers of the
atmosphere; this produces a verticalization of the trajectory and a reduction in speed. The temperature
drops below 1000 ° C, the molten surface freezes and a vitrified fusion crust appears. The angle of the fall,
which started out at 58 ° downward is now about 78 °.

At 8:02:36 p.m., south of Saint-Robert, 10 km above Chemin de Picoudi Road, all the stones, even the
largest, are now falling at a subsonic speed and begin to feel the high winds. The stones are then dispersed
according to their mass and shape. The smaller ones stay behind, the heavier ones advance more easily
towards the North-Northeast.

In Montreal, Mrs. Jodoin and her husband gaze in amazement at the “tube” of smoke in the sky. In Saint-
Hyacinthe, in Saint-Amable, in Saint-Jean, all over southwestern Quebec, people are looking at the sky and
trying to understand what is going on. What they see in the sky looks huge, but nothing is happening; life
goes on as before. On Chemin de Saint-Thomas, the cows continue to graze and Stéphane Forcier on his
bike has almost arrived home.

At 8:03:29 p.m., four fragments of the meteoroid, moving at around 80 m/s, fall deep in the ground south of
the main street, between the Chemin de Saint-Robert and the Chemin de Saint-Thomas.

At the same time, Vital Lemay is working in his field 600 m southeast of downtown Saint-Robert. He hears
two or three bangs and feels the ground shake. He looks at the sky and sees the cloud of smoke. He then
hears two whistles, one to the south and the other to the north followed by a thud.
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Stéphane Forcier, now in front of his farm, also feels the ground shaking and hears a whistle followed by a
thud. He looks in the direction of the noise and sees some heifers running away and across a stream. He
also sees a strange sight about 100 m from the house in the same direction, 4 cows formed a circle and are
looking at the ground. Intrigued, Stéphane goes to see what it is about. He then discovers a hole 15 cm in
diameter and 20 cm deep in the middle of the cows. There he recovers a blackened stone of 2.3 kg which is
cold to the touch.

Over an area of 8 km by 3 km, a shower of stones is falling on the fields of Saint-Robert.

One or two minutes after the bolide has passed, thousands of people along the terrestrial trajectory of the
meteoroid hear one or more detonations which startle them. Buildings and windows are shaking. Police
departments in the region are inundated with calls from people reporting explosions of varying intensity and
duration.

In Montreal, three to four minutes after the flash of light caused by the explosion, Ms. Jodoin and her
partner hear a dull boom that seems to come from the ground.

The same night at Madison Garden, the New York Rangers win the Stanley Cup by 3 goals to 1, Bernard de
Rome, on the 10 p.m. newscast, reports the probable fall of a meteorite in Saint Robert.

On June 15, 1994 at around 3 p.m., Richard Herd of the Geological Survey of Canada, who came
expressly from Ottawa, recognizes that the stone picked up by Stéphane Forcier, following the indication of
a few cows, is indeed a meteorite.

And thus, the cows of Saint-Robert made History.

https://www.meteorite-times.com/Back_Links/2022/march/st-robert-fall-3.jpg


Warnings

The data to reconstruct this fall was extracted from the publications given for reference. They come from
ground observers, an infrasound detector and an electromagnetic wave detector installed on a NASA
satellite. All this data is marred by uncertainties, but, for the reconstruction of the events and in order to
simplify the reading of the text, only the average values and in agreement between them were taken into
account. Thus, the positions have been rounded off to the kilometer and the times to the second.
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Fragment of the St-Robert meteorite exhibited at the Rio-Tinto Planetarium in Montreal. Photo by Vincent
Stelluti

 

This article was translated to English by Anne Black.
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Gold Basin L4 Meteorite
Paul Harris

Our Meteorite of the Month is kindly provided by Tucson Meteorites who hosts The Meteorite Picture of the
Day.

Gold Basin individuals with gold-on-quartz, also from Gold Basin contributed by Twink Monrad
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Once a few decades ago this opening 

was a framed window in the wall 

of H. H. Nininger's Home and 

Museum building. From this 

window he must have many times 

pondered the mysteries of 

Meteor Crater seen in the distance. 
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