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preferred ore mineral because there are more
impurities present in magnetite making it more
difficult and costly to produce the iron concentrates
steel mills need. However, significant magnetite-rich
ores have been mined in the past and I have sand
from weathered mine dumps from two locations.
Magnetite is a simple iron oxide mineral. The
chemical formula is Fe3O4. The formula is often
written as Fe2+(Fe3+)2(O2-)4 to acknowledge that one
of the iron atoms is divalent (ferrous) and two are
ferric (trivalent). The black mineral forms isometric
crystals that are typically octahedral. With significant
iron in its mineral lattice, magnetite is dense, about
twice as dense as the more common minerals quartz
and feldspar. To cap off a description of this
interesting mineral, magnetite is strongly attracted to
magnets. This makes it easy to identify. All
geologists carry a magnet in the field and sand
collectors should also.
Although magnetite is found in concentrations
permitting it to be mined for its iron (more on that
later), it is also a very common accessory mineral in
many different igneous and metamorphic rocks. Its
intermediate hardness (5.5-6.5 on Moh’s scale) and
a lack of cleavage allow magnetite to survive
weathering processes better than many minerals.
But it is also what happens to magnetite grains as
they are eroded at their source, transported along
streams and rivers, and eventually delivered to a
beach that makes it a favorite for sand collectors.
Let’s follow that process by looking at several
magnetite-rich sands collected along the way:
To find concentrated magnetite sand near its source
it is easiest to turn to ore deposits where geologic
processes concentrated the iron mineral in bedrock
and then seek weathering products adjacent to
outcrop or mine dumps. Magnetite is 72.4% iron,
making it an excellent ore mineral, although not the
best. Hematite (Fe2O3), which is 70% iron, is a
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We will start in our home state of New York and a
location our club visits annually to collect a variety of
minerals. We were there as recently as this past
June. Benson Mines, in Star Lake, New York was
the largest open-pit iron mine in the world in the
1950’s providing iron for steel mills in Bethlehem and
Pittsburgh. PA. But the mine closed in 1978 when
steel mills moved west and iron could be obtained
more economically from ores in Minnesota and
elsewhere.

Looking south from the top of mine dumps at the
northern end of the Benson Mines.

The open pit ore body at Benson Mines is now a
beautiful mile long, 600’ wide, 600’ deep lake
surrounded by mine dumps that are in the process of
being reclaimed into the habitat of the rest of the
southern Adirondacks. There are lots of rocks, but
weathering is slowly breaking them down into sand
and soil is developing atop much of the dump area.
Having undergone limited weathering and virtually no
continued on next page
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transport, the magnetite grains in sand from Benson
Mines display crystal faces with octahedral crystal
habit, striations, and shiny metallic luster (sand A at
the bottom of this page). Some grains appear to
show dodecahedral faces as well. The sand is very
coarse with some grains exceeding the 2mm
threshold for sand. The non-magnetite grains are
quartz that lack crystal faces.
In August of 2019, WCGMC travelled to the Upper
Peninsula of Michigan. One stop we made was to
the Republic Mine in the Marquette Iron Range on a
trip hosted by the Ishpeming Rock and Mineral Club.
Magnetite there is found in Precambrian Banded Iron
Formations. While some crystals can be found, most
of the magnetite ore is massive. Therefore, it is not
surprising that the weathered material at the base of
the dumps lacks crystal faces (sand B below). It
does show evidence of limited transport, however, as
the lustrous grains remain angular.

Sand grains that escape their immediate source
begin a long journey towards the sea. Magnetite is
dense so grains will sink when they can and often
magnetite-rich, black sands can be found between,
below, and behind larger rocks in mountain streams.
In fact, gold propsecters look for black magnetite
sands because gold is also dense and will tend to be
associated with the more abundant magnetite. I
attempted this in known gold-bearing streams in
Vermont and New Hampshire this summer, but
found no gold and not even much magnetite, while
getting quite wet trying. I did, however, get some
nice creek sand.
However, I did obtain a very interesting stream sand
in a trade last year with California sand collector
James Bowden. The sand came from a dry wash in
the southern California desert near Halloran Springs
(image C below). I was surprised to see nice crystal
faces in the magnetite that makes up almost 50% of
continued on next page

Four magnetite sands: A) very coarse sand from Benson Mines, Star Lake, NY, B) coarse sand from Repbulic Mine,
Marquette Co., MI, C) medium-grained sand from a dry wash in Halloran Springs, CA, and D) fine grained sand from
Hamlin Beach on Lake Ontario. The scale bar in each photo is 2mm.
WCGMC Sand Times
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the sample that James sent me. Look at the 1mm or
so grain just above the scale bar in Sand C on the
previous page. This suggests to me that the source
is not too far distant and that the sand did not get
overly tumbled in getting to the location where
James collected it.
Eventually, magnetite grains can reach a larger body
of water, a lake or even the ocean. It is here where
most sand collectors encounter them and collect
them. In the streams, the heavy grains settle and
sink as the energy of the water carries lighter
materials downstream. On coastal beaches it is
wave action and tides that do the work. This
typically occurs in the “swash zone”, where the surf
washes across the beach face and loses energy.
Incoming waves have lots of energy and carry all
sorts of grains up onto the beach. But the receding
water has less energy and preferentially carries the
less dense minerals, notably quartz, back to sea. In
the tidal zone itself, the next tide tends to undo this
sorting, but periodic storms can lead to more
permanent layers of denser minerals like magnetite.
I have samples from several Atlantic Ocean beaches
where this has occurred but my absolute favorite is
much closer to home, just a half hour west of
Rochester along Lake Ontario. There are no true
tides on the Great Lakes, but there are periodic
storms and the overall lake level also fluctuates from
season to season and from year to year. This has
the same effect of pushing sand up on to the beach
and then leaving heavy minerals stranded when lake
level retreats. At some locations where this wave
and lake level action is just right rather thick heavy
sand units can form and be preserved.
The beach was shaded by trees durng my visit, so it
is hard to see in the picture in the next column, but
the region in the foreground, in front of the yellow
dashed line, is black and dominated by magnetite.
The region farther away is red and the sand there is
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mostly garnet. The wind and storm-driven energy
was not only able to winnow out the lighter quartz
grains and carry them back into the lake, but it was
able to separate the two dominant heavier grain
components based on their variation in density.

Hamlin Beach along Lake Ontario.

You can see in Photo D on the preceding page that
this separation is not complete. The pink and red
grains in this fine-grained sand are garnet. Besides
the fine grain-size from those closer to their source,
the magnitite grains in beach sand are noticeably
more rounded than their counterparts in either the
mine dump setting or the dry stream bed. The grains
have been naturally tumbled by the action of the
lake.
Of course, not all heavy grains in beach sands are
magnetite or garnet. It is certainly possible to
remove all the magnetite to isolate the other grains.
Studies of these sands indicate they can contain
hornblende, tourmaline, zircon, rutile, hypersthene,
apatite, epidote, staurolite and kyanite.
It is a common expression among sand collectors
that no two sands are alike. Heck, this applies even
to sands with the same dominant mineral.
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There are industrious sand miners everywhere. Just
imagine being able to lift twenty times your own
weight and having thousands of friends who could do
likewise! Think of what you could do. Well, critters
with this capability are in your yard, your garden,
your home and your driveway and sidewalks. Small
cracks in pavement often have cones of “sand”
resembling cinder cones of volcanoes. These are
created by Pavement Ants. Their colonies can
contain 3000-4000 individuals and sometimes as
many as 30,000. These ants can dig a tunnel
system three feet (90 cm) deep, while other species
tunnels have been measured to a depth of 25 feet
(7.6 meters).
So, what you see at the surface is a sampling of
what is deep underground. These grains vary in size
and are only constrained by the amount of weight the
ant can carry. Ants are not the only insect tunnel
diggers, though. Others include ground bees and
some wasps. One that I found digging several holes
in my yard was the Great Golden Digger Wasp
(Sphex ichneumoneus). It made multiple holes of
about 1/4” in diameter and about 6” deep. Wasps
dig these holes to store paralyzed insects to lay eggs
on, giving the larvae something to feed on, then
cover the holes. Later I found something had tried to
dig these up, probably a skunk.
I decided to take a closer look at what these miners
were bringing to the surface (see below). The wasp
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sand didn't show much of interest. The ant sand is
generally smaller in grain size than the wasp sand,
but the ant sand had a few more interesting grains.
Over all the color and variety in the samples is pretty
dull, but that is the ground I live on. I did find an
interesting blue grain and several black ones, some
red, and some white. There were a few ant parts
distributed in the mound as well.
How do they dig so far and not have the tunnels
collapse on them? This was the topic of a recent
paper in the Proceedings of the National Academy of
Sciences. The researchers wanted to know how ants
accomplished this and if that technique could be
applied to human made tunneling.
While the ants don't know the physics of gravity,
pressure, and load bearing, they do intuitively make
use of them. Ants dig as steep an angle as possible
while still retaining the integrity of the structure. They
manage to dig no steeper than the angle of repose
(the maximum angle at which a granular material
holds). The angle of repose gives sand dunes their
sloping angle which is about 32° for dry sand.
They only pull out the loose grains and leave the
load bearing particles behind. Also, they use harder
material, such as rock, to reduce the amount of
material that needs to be removed leaving the rock
surface (or concrete) as a wall of the tunnel. It is not
all tunnels, though. They also construct “rooms” for
food storage, nurseries, and waste storage.
This might not be sand in the traditional sense, but
could prove to be interesting to look at. You never
know, maybe an industrious ant will bring up flecks
of gold.
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A Sand Display From Texas

The Strong National Toy Hall of Fame in Rochester,
New York recognizes toys and games that have
inspired creative play and enjoyed popularity over a
sustained period. Each fall, the hall nominates 10-12
toys, solicits votes from the public, and then inducts
three new honorees. By doing so, the Strong
museum showcases both new and historic versions
of classic toys beloved by generations.
So why is this news for the WCGMC Sand Times?
Well, this year one of the nominations is SAND.
Speaking of sand as a toy worthy of nomination, the
hall states:
“Sand may be the most universal and oldest toy in
the world. Educator Maria Montessori has argued
that sand is the only substance that the modern child
is allowed to handle quite freely. Children recognize
sand as a creative material suitable for pouring,
scooping, sieving, raking, and measuring. Wet sand
is even better, ready for kids to construct, shape, and
sculpt. Sand provides unique opportunities for
tactical, physical, cooperative, creative, and
independent free play”.
Of course we could add that sand provides
educational opportunity also as a child can study the
composition of the sand, its grain size and even the
geological processes that led to its formation. But
that is probably not what the Toy Hall of Fame had in
mind with their nomination.
So what is sand competing with for this high honor?
Well, some of the other toys/games nominated in
2021 include billiards, Cabbage Patch dolls, Risk,
Fisher-Price Corn Popper, and Mahjong. A total of
12 were nominated and the top three will be inducted
in the Hall. Unfortunately, the public period of voting
ended on September 22nd. The three winners will be
announced on November 4th. But don’t fret if sand
does not enter the hall this year. It can be renominated next year or in any future year.

Some people have spice racks on their walls. Jo
Tye, a sand collector in Texas, has a sand rack on
her wall. She has a larger similar display also, but
this is her shelf for special sands that are there
“either because of their color, geologic make up or
for the location they came from”.
Her displays are homemade. The shelves and sides
are made of poplar purchased at Lowe’s. She uses
these to build a box frame which is then tacked to
plywood backing. The shelves are glued into the
frame and bingo, you have a display case for your
sands
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Nontronite is an iron-rich clay mineral belonging to
the Smectite Group. It has the chemical formula
(CaO0.5,Na)0.3FE3+2(Si,Al)4O10(OH)2·nH2O) and can
contain as much as 30% iron. Like most clay
minerals, nontronite is soft (Moh’s hardness of 1.5-2)
and will not survive weathering and sediment
transport. It is not a typical component of sand
deposits and therefore, a rarity in sand collections.

Nontronite sand from Grube Roter Bär.
Photo by Leo Kenney

Given
the
unusual
mineralogy, the interesting
yellow-green color, and
the mining history of the
region, this sand sample
from central Gemany is a
welcome addiiton to my
collection. I wonder how
many other clay minerals
can be collected that tell
their own stories

However, there is a site in central Germany where it
can be found in subangular clumped grains. At the
Grube Roter Bär (Red Bear Pit) in Sankt
Andresberg, Lower Saxony, Germany, pure
nontronite sand has formed as a direct weathering
product of iron-rich, lens-shaped inclusions in
Devonian shaly limestone.

========================================

A Special Sand from Maine

Entrance to the Grube Roter Bär in Sankt Andresberg,
Germany
from Wikipedia

The soft clay ores were mined for iron using only
picks and shovels from about 1800-1860 and the
concentrated ore was sent to smelters in Lauterberg
(Wikipedia). The mine location is now a historic and
educational site owned and operated by the Sankt
Andresberg Society for History and Archeology, who
provide guided underground tours. I acquired my
sample of this unique and colorful sand in a trade
with Hans Zimmerman earlier this year. The sand is
coarse-grained and the sample Hans sent me is well
sorted, Wikipedia lists the crystal habit for nontronite
as “earthy masses“ and I guess that might be as
good a way as any to describe the sample from the
photograph that Leo Kenney has taken of a small
portion I sent to him.
WCGMC Sand Times

Most folks visit the pegmatites of Maine to collect
quality minerals and gems. Elbaite tourmalines are
the true prize. But there is sand to be had in these
quarries also. How about this very coarse sand from
the Havey Quarry in Poland, Maine? The purple
grains are lepidolite, the green are elbaite
tourmaline. There is also feldspar and quartz.
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On August 6th, 1945, the United States detonated a 5
ton nuclear weapon over Hiroshima, Japan. The
result helped end WW2 in the Pacific Arena as
Japan surrendered less than one month later, but it
was devastating to the city of Hiroshima and the
immediate surroundings.
Approximately 100,000
Japanese perished in the blast and about 5 square
miles of the city were basically obliterated as ground
temperature reached above 1800⁰ C in the firestorm
that followed.
Images of the area immediately after the bombing
and resulting firestorm indicated that very little of the
buildings that had been there remained. But anyone
who has taken a science class knows that matter
cannot be created or destroyed. So where did the
material from all those buildings go? Scientists think
they have found the answer. After melting in the
original firestorm generated from the blast it refroze
as fine particles in the atmosphere and fell along the
Japanese coastline.
And a team of scientists
working with sand from the beaches just a few
kilometers away reported finding it just 2 years ago
(Wannier et. al., 2019a). In their landmark paper, the
authors claim to present the first description of fallout
debris from a nuclear explosion in an urban
environment

Motoujina
Peninsula,
Hiroshima,
Japan:
The
researchers collected their sand from the intertidal zone of
several beaches on Motoujina peninsula such as the one
in the front left of this photo from Google Maps. The
region lies just south of the rebuilt city of Hiroshima which
can be seen in the background. The epicenter of the
Hiroshima nuclear detonation is less than 6 kilometers
away in the upper left of this view. (from Google Maps)
WCGMC Sand Times

The researchers sieved sands from several
Hiroshima area beaches into 7 size fractions from
granules to very fine sand. Each size separate was
then meticulously inspected. The majority of sand
grains were subangular quartz and milky feldspar
with subordinate biotite and other mafic grains from
the Cretaceous age granite that constitutes the
bedrock around Hiroshima. But there also was a
significant component of spherical and filament
shaped grains that were clearly not of local geologic
origin. These grains, called Motoujina Fallout Debris
(MFD) by the researchers, were generally shiny,
rounded, and glassy and were easily distinguished
from the grains of the host sediment.
Sand grains identified as MFD were meticulously
separated from geologically-derived sand grains.
The authors identified and point counted six different
types of MFD based on optical microscopy and
chemical composition as determined by SEM/EDA
analysis. From a macroscopic sand description it
seems they can be combined into two main groups:
spherical globules and filament-shaped glass.
Aluminum, silica, and calcium dominated the
chemistry of the amorphous glass material, with
some also showing appreciable iron content. They
also
found
a
mullite-anorthite
microcrystal
assemblage consistent with formation temperatures
exceeding 1800⁰ C (Wannier et. al., 2019a). Mullite
is a rare aluminum silicate mineral (3Al2O3·2SiO2)
that has a melting temperature of 1840⁰C.

Spherules and filaments from the fine fraction of one
of the sand samples from Hiroshima Bay
from Wannier, et. al., 2019b

How abundant were MFD in the Hiroshima beach
sand? The coarse sand fraction contained the
highest percentage of MFD as ~2.5% of the grains
continued on next page
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counted from coarse sand were identified as fallout debris.
By comparison only 1.6% of grains in the fine-grained sand
size fraction were logged as MFD. Even more interesting
was the variation in the morphology of the grains of fallout
debris.

I wonder how many arenophiles have
samples of sand from the beaches near
Hiroshima? And for those who do, I wonder if
anyone has looked for Motoujina Fallout
Debris?
Similar “fallout” spherical sand grains have
been documented adjacent to meteorite
impacts where melted (or shocked) rocks
have been thrown great distances, such as
tektites and impact glasses. However, to the
best knowledge of the authors of these
papers, the MFD found near Hiroshima
record the first documented example of
anthropogenic fallout from the detonation of a
nuclear blast.

Optical microscopy images of selected Motoujina fallout
debris (Figure 2 from Wannier et. al., 2019a). (A) Vesicular
glass shard, (B) clear, vesicular glass spherule, (C) large glassy
spherule with fused smaller spherules, (D) bent vesicular glass
filament, (E) glass filaments complex, (F) amalgamated opaque
spheroids (opposite views of the same specimen), (G) tray
content, fine sand fraction of one rich sample, (H) complex,
amalgamated opaque particle (opposite views of the same
specimen), (I) fused and cemented opaque spherules covered
with a thin glass layer, (J) agglomerated, melt-covered debris, (K)
larger spherule with fused smaller spherules, all covered by an
opaque surface melt, (L) rubber-like debris, (M) ferro-magnetic
debris with a cratered surface, (N) meta-sediment debris with
patches of glass melt, (O) melt-covered meta-sediment debris with
magnetic, half spherical body. White scale bar: 1 mm; red scale
bar: 0.5mm; yellow scale bar: 0.2mm.
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Brian Dear, sand collector from Ontario, has put together another interesting small box of worldwide sands. The
ten colorful and diverse sands are stored in 4ml vials that are almost 8 cm long and about the diameter of a pencil. He
has labeled the sand location on the inside cover of the box and named the collection “The World In a Grain of Sand”
Photos by Brian Dear
WCGMC Sand Times
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The sand featured in the Splendid Sands 2015
calendar for December is both colorful and
geologically interesting. Can you see the Cornelian
agates in this very coarse sand with angular grains?
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By Leo Kenney, Kate Clover, & Carol Hopper Brill
The red, yellow, orange-red, and clear fragments in
this sample are chips of agate and jasper. These
are common in many places along the Oregon coast,
in streams draining the Cascade Mountains, and in
the gravel beds along rivers.

The club meets the 2 Friday of most months. Social
meeting at 6:30 PM Regular meeting at 7:00 PM, Park
Presbyterian Church, Maple Court, Newark, NY
Website – http://www.wcgmc.org/
Dues are only $15 individual or $20 family for a full season
of fun. Renewal is in October. Send to:
WCGMC, P.O. Box 4, Newark, NY 14513

These agates formed in the vesicles (or gas bubble
cavities) of volcanic rocks. Long after the magma
cooled, quartz-rich fluids permeated the rock and
filled the spaces. The red color suggests an iron-rich
fluid. Over time, the volcanic rock eroded, and the
harder agates became part of the beach sediments.
Along the coast, the best time to collect is after a
storm or in the early spring before storms remove
sand from the beach. Among collectors, the mostprized are the red-orange cornelian agates.
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