
Editors and Reviewers, 
 
This “exposé” is intended as the announcement of a discovery and attempts to follow the format 
of a laboratory exercise and demonstration on the structure and origin of sand and gravel 
deposits thought to be of “glacial” origin. Depending on your point of view, it either advances or 
erases 200 years of scientific writing based on erroneous supposition. 
 
The primary story to tell here is not what these materials are, but what they are not. They are 
not ground up bedrock. That part of the story can be told in a few pages with the first few 
pictures. There is much more material than necessary here to tell the story, but we have to start 
the discussion and peer review somewhere and I expect this document will be much shorter in 
its final version. 
 
The demonstration and discussion here are confined primarily to examples of sand that was 
covered by the Mendenhall Glacier in the 1920’s lest there be argument about when or if the 
sample sites were recently glaciated. However, I’ve collected very similar materials, silica and 
magnetite from Maine, Oregon and Tasmania…. We can include them in the monograph. 
 
The photos are large documents… most are 48”x36” at 72 dots per inch in the original. I will 
resize them any way you want, but since most monitors are at about 100 dots per inch, and 
since this is meant for internet publication, we have the option of making these pictures 
available in very large sizes. 
 
The material is generally arranged by place and then by sample…. For example: 
 

Mendenhall Lake 
Sample: mend west 1.12.13 
Followed by pictures and discussion 

 
The size of the document and of the photos made it very hard to work on with my laptop 
computer so each page essentially consists of a picture and a caption. Perhaps it should be 
converted to html. 
 
For every sample there is a “folder” with pictures of that sample, only some of which are used 
here. I think we should make all these pictures and samples available as an appendix to the 
document so that researchers elsewhere can have access to them and interpret them. 
 
Also I didn’t write any captions or assign Fig1, Fig 2, Fig3 etc… I figure that is for when this thing 
settles down to some ideal size and organization. 
 
Thank you very much for your thoughtful consideration……………. John 
             

 



 
“Glacial” Sand Gravel not “Ground Up Rock” but Petrified Organic Materials 
 
Abstract: 
 
Sand and gravel deposits in the vicinity of Juneau, Alaska and the Mendenhall Glacier and 
similar “glacial” materials from Tasmania and Maine are molded and connected together. The 
grains are not individual particles but a delicate and interconnected network of magnetite, silica, 
and silicate materials that could not have moved far from where it formed and could not have 
been deposited by water and assembled by chance. 
 
Mineral grains have molded, not fractured, surfaces including pores, spines and ridges which 
continue onto adjacent grains. Such surfaces can only be made if the particles are molded to 
adjacent particles during a period of mineral deposition. They could not have been formed by 
sub-glacial abrasion of igneous bedrock.  
 
Organic structures are plainly visible on the surface and inside the sand, gravel and cobbles. All 
stages of a continuum between organic material and replacement by silicate minerals and 
magnetite are found.  
 
Magnetic particles in this sand appear to be the product of bacterial respiration. The magnetite 
is not pure but is mixed with silica indicating that the silica and the magnetite were deposited 
together. 
 
Therefore the massive sand and gravel deposits like those in the vicinity of the Mendenhall 
Glacier appear to be what remains of an organic deposit such as a peat bog, petrified and 
replaced with magnetite, silica and silicate minerals.  
 

1. Poorly sorted, layered deposits of sand, gravel, and cobble sized particles are intricately 
interwoven in large masses arranged in organic branching shapes. 
 

2. Grain surfaces, including pores, tubes, spines and ridges are molded surfaces and could 
not have been produced by grinding. 
 

3. Sand, gravel and cobbles have cyan, magenta, and clear fibers of organic material or 
silicified organic material running through them and between them. 
  

4. Organic materials included in the mineral deposits were present when the mineral grains 
formed. 
 

5. A network, or matrix of silica minerals connects, encloses, and penetrates these massive 
deposits of sand, gravel and cobbles. 
  

6. Interglacial wood contains fungal material partially replaced by magnetite and silicate 
minerals. Both the sand and the associated tonalite and phillite gravel and cobbles 
appear to contain similar mineralized fungal material. 
 

7. Organic material resembling roots, wood, stems, fungal tissue in the sand show 
colonization by fungal rhizomorphs and their subsequent silicification. 
  



8.  The silica and the magnetite were deposited concurrently and the magnetite appears to 
be authigenic, deposited by bacterial respiration.  



Introduction: 
 

 
 
Figure 1 Geologic Map USGS (Gehrels and Berg, 1992) 
 
This is a photo essay documenting the discovery that “glacial” sand, gravel and 
cobbles in the vicinity of Juneau, Alaska are not individual particles abraded from 
the local bedrock by the supposed “grinding” action of glaciers. Instead they 
appear to be mineral replacements of massive deposits of biological materials 
such as peat bogs.  
 
Sand, gravel and interglacial wood from the vicinity of the Mendenhall Glacier 
provide the best examples of the continuum between organic material and mineral 
sand and gravel. 
  
Study began about 9 years ago in a lab study of local sand for a class in Earth 
Materials at the University of Alaska, Juneau. It now includes over 10,000 photos 
representing examination of approximately 800 samples including sand from 
Maine and Tasmania. Many of these samples have been retained in storage. 
 



 
Methods: 
 
Sand was collected from areas such as beach bluffs, lakeshores and road cuts 
where it had not been disturbed recently. A hole was dug and a sample was 
removed undisturbed from the side of the hole with a trowel, or by hand and 
placed in a lightweight plastic bag. The bag was then twisted to form a tight ball 
around the sample and exclude air. Such samples survived weeks of transport in 
a backpack from Hobart Tasmania, to Juneau, Alaska. 
 
Sample bags were then placed in a bowl and carefully opened from the top so that 
the bag could be reclosed without further disturbing the ball of sand within.  
 
The enclosed sand samples were then examined along freshly broken surfaces. 
Clumps of material were removed for study with a small paper scoop, examined 
and photographed.   
 
Magnetite was sampled using a heavy duty permanent magnet wrapped in paper.  
 
These tightly fitting particles are held together by hydrostatic pressure. Samples 
were allowed to dry about 12 hours because magnetite could not be collected until 
the film of water between the grains had evaporated.  
 
The paper wrapped magnet was dredged through the surface of the sample or 
held just above the surface to pick up magnetic particles. The magnet was then 
removed from the paper, allowing the sample to drop onto a microscope slide. 
 
 



 
Eagle Beach 
 
Sand is defined as a sedimentary particle with a diameter from 0.06 - 2.0mm. So 
sand in the vicinity of Juneau Alaska is assumed to be single particles formed 
primarily by “grinding” under glaciers and by freezing and thawing of water.  
 
“Tonalite sand” at Eagle Beach, approximately 50 km west of Juneau, is further 
thought to be ground and fractured tonalite from a sill that runs parallel to the 
coast and about 15km inland.  
 
Over thousands and tens of thousands of years, these particles were supposedly 
carried first by a glacier, then by water, before they were deposited in the quieter 
waters of the estuary. Traditional assumptions are that this sand: 
 

• Is ground-up rock 
• Is a glacio-fluvial deposit 
• starts out fractured and angular, becomes worn and rounded as it travels  
• is derived from igneous bedrock formed in a subsurface setting.  
• represents thousands of years of glacial erosion  

 
This is an eroding sandbank at Eagle Beach at 
the mouth of Eagle River, about 50 km northwest 
of Juneau. 
 

  



The sand has a speckled “salt and pepper” appearance, forms rounded clumps 
and contains thick layers of magnetite sand. Gravel and cobbles are mixed 
throughout. 
 

 
  



Eagle Beach In Situ Sample A   A thick layer of this sand is composed mostly of 
magnetite, with some very colorful silica: 
 

 
 
Notice how the orange grain (A) in the lower right connects and conforms to the 
clear grain (B) to its left, which connects to the green grain (C), which connects to 



the clear grain (D) below. Small dark grains of magnetite have little places where 
they plug into the surfaces of the orange grain and the silica grains (E). 
 
All of these grains are connected and fit together perfectly. Underlying the fit is a 
grid of what look like petrified tubes in the upper left of the photo (below). 
 



Notice the crisscross pattern on the surface of the green grain (A) in the upper left 
of this enlargement, and how it continues on across adjacent grains below, above, 
and to either side. 
 
Dark material (B) forms an incomplete “beer bottle brown” matrix, which is likely 
silicate. 



 
 
 



Mendenhall Glacier 
 
Sample: Mendenhall Glacier Iceberg 
 
The clump of sand pictured below was about 2cm wide. It was collected in winter 
from an iceberg in Mendenhall Lake, near the face of the Mendenhall Glacier. 
Massive quantities of sand frozen into these icebergs are presumed to be from the 
bed of the glacier.  
 

 
 
 



 
 
Above: Grain sizes here are noticeably smaller than at in the Eagle Beach, 
discussed previously. These particles fit together precisely but there is also a 
matrix of silica minerals that holds the clump of sand together. There are no 
individual particles and there appears to be a fabric, as if the grains are roughly 
arranged in rows with the ends sticking out where the fabric is “torn” on the edge 
of the sample. 
 
When dried, this material falls apart and passes easily through sieves. If it remains 
damp it is much harder to separate because of hydrostatic pressure  due to the 
film of water between closely fitting silica surfaces. 
 



 
 
Above, the dark matrix that fills spaces between the bright silica grains is hard to 
see.  
 
This photo was taken in tungsten light which is orange compared to sunlight. In 
the shadow (diffuse sunlight) the silica shows a blue cast and is almost invisible. 



In the upper part of the picture the same silica looks orange. Between the two light 
sources, the silica looks brown/green, a combination of the blue and the orange.  
 



Sample: Mend West Org May 2012 

This sample was primarily sand and gravel with clumps rootlike organic material. 
The darker organic material here is probably fungus. The dark, translucent mineral 
matrix seen at Eagle Beach is well developed here as shown on the left side of the 
clump below: 

 

Above: This clump is about 15 mm wide. Notice the dark but transparent material 
on the left side. Adjacent grains fit together, 



  

Above: detail of prior photo. Arrows indicate highlights where root-like organics 
exit through the mineral material. 

 



 

Sample: Mend west 11.12.12  

This sand deposit forms elongate bean shaped clumps when disturbed. The light 
colored grains range in size from 0.02 – 1mm but most are less than 0.5mm.  



 

 



 



Surfaces of adjacent grains are molded to each other and a “beer bottle brown” 
colored matrix or framework fills the spaces between silica grains (A). This matrix 
appears to be silicate (it has a shiny surface) and it is transparent, often invisible. 

Small pieces of organic material (B) are common, but not obvious, to the unaided 
eye. 

 

Tiny spots of light (C) have a diamondlike brilliance and show all the colors of the 
spectrum, but particularly blue and green. These little points of brightly colored 
light are seen in all the sand gravel and cobbles in Juneau area deposits and are 
similar to the brilliance of silica deposited in local wood and peat. 

These tiny points of brightly colored light are likely the result of silica deposition in 
layers, along fibers and filling tubes in organic material. The rainbow colors are 
produced when light is refracted by these layers, like the colors seen in the 
grooves on a CD. 

This silica can be shown by taking a photograph of a sample in bright sunlight, 
then using a photo processing program like Photoshop to remove all the 
“brightness”and increase the “contrast.” The result is only the brightest features of 
the photo remain, as shown below. 



Sample: Mend West March 2013 

This ovoid shaped clump of material is about 30 mm long. It shows what appear to 
be mineralized tubes. A light grain at the end of a long tubular structure (black 
arrow) has a dark center. White arrows in the lower left of the picture indicate the 
ends of tubes or stalks that protrude from the sample facing the viewer. 

 



 

As the sample was being photographed, a sticklike piece fell away (arrow below). 

 

The whole structure has the appearance of a head of broccoli. Dark masses of 
matrix silicate appear in patches with rounded borders. Ends of shafts, tubes and 
broken stems face outward from left to right of the picture.  A piece of woody 
material (arrow) fallen from the sample is pictured below. 



 

The stem like piece of material above is approximately 1mm wide and was 
photographed with and without the sand covering it. It shows the woody material is 
colonized by fungus and fungal tissue is replaced by silica, silicates and 
magnetite.  

 

 



 

This appears to be where a branching structure attached to the woody stem. The 
core of this branch is a white grain protruding from the mass in the lower right 
corner of the frame. 



 

The frame above, about 2.5mm wide, shows mineralized fungal material. 



 





 



Sample: Y Bone 4.2.13 

This fragment was found by sorting through the remains of the January 2103 bulk 
sample. Other organic material in the sample included perhaps 5 small clumps of 
rootlike material approximately 0.1mm in width or diameter, and two small 10mm x 
0.3mm woody “sticks.” 

  

This Y shaped piece of woody material looks more like a bone than a broken 
stem. It appears to have articulating surfaces (places where it would connect to 
other bones) on all three “ends.” It may represent an element of a fungal or 
vegetative structure. 



 

Above: this end looks like a joint, not a break. 

  

Above: A large silica grain (arrow) looks like a silicified organic structure. The 
following two photos show details of this grain: 



 



 



 
 

Sample: Mend west 11.12.12

 

 



 

Below is a microscopic view of the sample above. Notice how all the grains fit 
together perfectly and the silicate material that fills the spaces. The organic 
material appears as vegetative matter at the top right of the photo and mineralized 
at the bottom (frame 2.5 mm wide). 

 

 



 

Below the larger organic material in this series of photos from Mendenhall Lake is 
about 0.5 - 1mm wide. This frame is 2.5 mm wide.  

 

 



 



Below: Another example of the transition from organic to and mineral. 



 

Above: another view of the organic material on the right in the previous photo to 
show the junction between silica and organic matter.



 
Below is a detail from the upper left of the previous photo. The central part of the 
frame is filled with almost invisible silica, probably the “matrix”  described  earlier. 
 
Notice the grain surfaces and organic rootlike material inside the silica grains. The 
largest of these grains is about 0.5mm. 
 

 



 

Below: After the larger sand sample was broken into smaller fragments this group 
of grains remained. Much of the silica in this photo is almost invisible and all the 
grains appear to have direct physical contact and connection with other silica 
grains as well as the rootlike silica fibers that connect them. 

 

 

 



 
Below: This frame is 1 mm wide and shows the surface detail and organic fibers 
inside the large grain in the photo above. These are not abraded surfaces. The 
amount, and structure of internal organic material suggests that organic material 
was replaced by silica, and this is not igneous material that has been invaded by 
roots or fungus.  

 



 
Mend west 11.12.12 Magnetic Particles 



 
Above is a pair of magnetic particles and below is the grain pictured on the right. 



 
The frame above is 1mm wide. Since these particles were lifted by a magnet, it is 
reasonable to infer that most of the dark material here is magnate 
.



 
 
The frame above is 5mm wide. As in the previous example all of the dark material 
is probably magnetite. Notice the structure protruding from the main mass on the 
upper left is not pure magnetite but is covered and filled with silica. 
 



 
Sample  1.6 Flake:  

Below,  The silica on the left and right ends of this organic particle conforms to the 
organic material and to the adjacent silica grains in a way that implies they all 
formed together in the same  biochemical environment. 
 

 
 



 
Below is  the left end of the organic structure pictured above. The frame is 2.5 mm 
wide. 

 
 



 
Below is another view of  the particle. This frame is about 5mm wide. Notifce that 
these grains fit together and there is a clear fibrous structure that originates in the 
dark grain in the middle of the picture and proceeds out of the frame to the right.

 
 
 
 



 
Sample: 1.6 Flake (continued)  

This sample from Mendenhall Lake appears to be a mat of flat or flattened stems 
with sand grains interspersed (frame below is about 5mm wide.

 



 

 

Above is a rough composite of three pictures. The arrow indicates a grain with a 
central core of organic material and an organic cover as well.  



 

Below is another section of this specimen (frame 1mm wide):

 

A, B, and C indicate organic matter in the silica. D shows what appear to be 
hairlike projections from the silica. E indicates what appears to be the brown 
matrix material that runs through the sand gravel and cobbles in these deposits.  

Much of the silica in these samples is very transparent and impossible to see 
unless some part of it is in very good focus or shows a highlight or reflection. 
However, visibility of the silica can be improved by using a photo processing 
program like Photoshop to replace less visible colors with colors that are easy to 
see. 



 
For example, below is a photo of the grain(s) on the left in the picture above, 
identifiable by the short dark organic “branch” (upper right).   

 



 

Below: Using Photoshop, the brightness in the photo is reduced and the color 
saturation is increased. More of the silica becomes visible, but it’s color is still hard 
to differentiate from the background. With “replace color” function of Photoshop, 
bright green and red colors were used to replace the ghostly image of the 
transparent silica. 

 



 

Below: This group of grains is connected by silicified and organic fibers, surfaces 
that fit together perfectly, and ropy, branching network or matrix of nearly invisible 
silica (frame 2.5 mm wide). 

 

 



 

Above: This frame is about 1mm wide. These grains are not ground up rocks.



 

Tonalite: 

Tonalite from Eagle River and the Mendenhall Valley always has fibers inside 
(clear, blue and red) but examples of rocks with obvious organic material inside 
are rare.  

However, the west shore of Mendenhall Lake has many good examples showing 
organic material being replaced by silica and other minerals. This tonalite shows 
no obvious crystals. To the contrary, the surface is full of what appear to be 
silicified tubes stems and fibers, many of which protrude from the surface.  

Sample: Mend west tonorg 6.13.15 

Below this tonalite does not look like the sharply patterned massive tonalite found 
elsewhere as large boulders in the Mendenhall Valley, although inside it does 
show a more typical “dark against light” mineral pattern. 

 



 

The rock is rounded but it’s surface is pock marked and crossed by a grid of linear 
trenches filled with organic looking stems. 

 

Notice the attached sand grains as well… this surface cannot have been formed 
by grinding against other rocks. 



 



 



 

Above, with the color saturation increased, contrast increased, brightness reduced 
the silica shows a play of color



 

Above:  The surface of the rock is composed entirely of what appears to be 
silicified organic material and demonstrates once again that the surface could not 
have been produced by abraision or fracturing of igneous bedrock.



Inside the Tonalite: 

Using a vise, the rock was crushed, producing three pieces (below).

 

Even at this magnification (macro photo) stems inside the rock are visible. 







 

Below is a detail of the junction between the rock and a piece of organic material 
and silica (piece on the left). 



 

Below is the  broken surface of the inside of the rock. This frame is about 2 mm 
wide. The woody material on the right side of the frame emerges from the silica 
and goes back in again: 



 



 

Below: Another view of the inside of the tonalite fragments. The first frame is 5mm 
wide and second is 2.5 mm: 

 

 



 

This is all organic structure. The rock appears to be derived from mineralization of 
organic material. None of the tonalite in the sand at the Mendenhall Glacier, or 
60km northwest at Eagle Beach, shows any sign of a crystal and they all show 
fibers and vegetative structures on their surfaces and interiors. 



 

Mend west January 2013 
 
This area was covered by the Mendenhall Glacier in the 1930’s and presumably 
for at least a few thousand years before that: 
 
Sample Stick 4.2.13 
 
The three photos below show the surface a small woody “stick”, about 1 mm in 
diameter. The small woody fragment was retrieved from the January 2013 sample. 
 

 
 
Above note the fibers and the large fungal looking structures left end on top. 



 
 

 
 
These connected grains are all mineralized organic structures as shown most 
strikingly on the right end, where a fungal rhizomorph emerges from the woody 
stem as a magnetite and silicate structure.  
 
Compare the Mendenhall Lake sample above to the following picture of a particle 
of fractured tonalite cobble from Eagle Beach below (and Page 82). 
 



 



Tonalite  

 Juneau area tonalite cobbles and sand (also called quartz diorite) have no visible 
crystalline structures and they are full of fibers. The following are pictures of a 
tonalite cobble about 200cm in diameter from Eagle Beach.  

.  



Below: The material looks fibrous. The rock also has fabric running diagonally 
across the frame and dark material upper center looks like fungus seen elsewhere 
in wood and sand samples. 

   

 



 

 Above: With more magnification red, white, and gray fibers can be seen 
protruding from the surface of the rock. 

 



Fractured Tonalite  

Sample: Eagle River Tonshata 

The tonalite cobble pictured below is typical of tonalite from the Juneau area. 
There is a fabric in the rock that runs parallel with its longitudinal axis.  

 



The cobble was wrapped a large plastic garbage bag and hit it with a 10 kilogram 
hammer producing mostly large flakes and sand sized particles. 

 



On the microscopic level, this material shows nothing that looks like crystals and plenty of fibers. 

 

The highlighted strands above seem to converge and enter a round hole in the center of the 

frame (about 2.5 mm wide).  

 

 

 

 

 

 

 

 

 

 



Below there are many blue fibers throughout the sample. 

 

Below: The blue fiber is not one strand, but two or more twisted lightly around each other. This 
is a typical structure of the cyan, magenta, and transparent fibers found in sand, gravel and 
tonalite. 

 



 

Below: This is the end of the strand where it meets the rock (right end previous 
picture. The silica conforms to the organic material showing the silica formed 
around the fiber. 

 



 
Sample: Eagle tonshatta: 

Below is another set of blue fibers: 

 



 



 

The frame above is 1mm wide. Notice how the fiber grades into the clear and 
milky silica to the right of the picture. 



 

Frame above is 1mm wide. Notice the otherwise invisible structures shown by the 
play of colors in the silica. 

 



 
Below: one of the fragments produced by fracturing was a Y shaped piece of 
tonalite that looks very much like the Y shaped piece of organic material from 
West Mendenhall Lake (Pg 74). 

 

 

 



 

 

  

  

This “stem” has a dark rib running down the center of its 
ventral surface as viewed here. It looks very much like a 
mineralized organic material: the dark central rib is 
skeletal and the silica is flesh. 



Tonalite appears to consist of mineralized biological structures cemented together 
by silica. When hit with a hammer it breaks into its component pieces like a block 
of frozen shrimp or chicken parts. 
 
Below: These chains of magnetic particles from fractured tonalite show patterns, 
colors and shapes of similar magnetic chains from sand and interglacial wood.  
 
 

 



 



 
 

 

 



Sample 12.10.12 rock,(Mend West 11.12) Tonalite Pebble   

The following pictures are of a relatively flat, dark, pebble from West Mendenhall 
Lake. It would probably be identified as tonalite though it appears to consist of 
mineralized biological materials. Below are photos; first the two sides followed by 
details of the surface. 

 

This rock is full of fibers, both blue and red; see lower left corner. Lower right 
corner has a large dark mass of fungal looking material. Attached silica grains are 
similar to authigenic grains found in woody specimens. 



 

Above is the opposite side of the rock.  The frame is about 4 mm wide. Arrows 
show what appear to be mineralized fungal strands. Brown material appears to be 
organic. 



  

The frame above is 5mm wide. A large chunk of organic matter on the edge in the 
lower right corner appears to be part of the rock (below, frame 2.5mm wide) 



 



Sample 12.10.12 rock,(Mend West 11.12) Tonalite Pebble continued 

 Arrows indicate what appear to be fungal strands in the surface (below).Light 
brown organic matter appears to be part of the materials present when the rock 
formed. This frame is about 5mm wide. 

 



 
Authigenic Magnetite and silica: 
 
Magnetite is very common in sand from the Juneau vicinity, but the magnetite is 
never pure or crystalline. For example, the clump of sand below from Eagle Beach 
is 11% magnetic particles by weight so much of the dark material is magnetic. 

 
The following groups of photographs show the similarities between magnetite and 
silica from sand at Eagle Beach, the Mendenhall Valley and authigenic silica and 
magnetite from interglacial wood and peat collected in the vicinity of Juneau, 
Alaska. 



 

Below are three examples of magnetic particles from Eagle Beach. These are not 
fragments of abraded bedrock and both the dark magnetic material and the silica 
show tiny points of light where silica filled tubes have been broken away. 
 
Neither the magnetite or the silica appears to be crystalline or from  igneous 
sources, so the magnetite is likely formed by bacterial respiration in an anoxic 
environment and the magnetite and silica were deposited simultaneously. 
 

 frame is about 1mm wide 
 
 
 



 this grain is about 1mm long and 
appears to have organic material on and beneath the surface. Remains of a 
tubular structure filled with silica protrude from the upper right. 

 
This chain of grains is connected together with delicate magnetite and silica. It 
could not have travelled far from where it formed.  



 

Following are several examples of magnetic particles from Mendenhall Lake sand. 

 
 



 
 
The frame above is about 2.5 mm wide. These grains are joined together by silica 
which is mostly invisible. 
 



 
The upper photo is a composite of several different focal planes. Arrows in the 
lower photo indicate places where “windows” of silica are visible in round “pores” 
on the surface of the grains. 



 

 Below, (from Eagle Beach) these little “windows” often show a play of color, 
perhaps because they are opal. 

 



 

Interglacial Wood Sample: eagle crab wood3 9.6 

Below: this sample of wood from Eagle Beach is likely to be at least 3000 years 
old (need reference). 

The wood is infected with fungus, the dark material seen in the photo above. 
Notice the bright silica grains in the wood. 



 

 

Above: this frame is about 2.5 mm wide notice the blue fiber similar to fibers seen 
in sand and tonalite and the tiny silica “points of light” in the fungal strands, similar 
to the silica in magnetite grains pictured elsewhere (upper right). 



 

Below: This piece of wood was collected with a magnet. The dark material is 
fungus and it appears to have been mineralized or replaced at least in part by 
magnetite and silica. 

 



 

Below: More pictures of magnetite from interglacial wood at Eagle Beach. Notice 
how these grains occur in chains, look like typical magnetite grains in Juneau 
sand and tonalite and appear to originate as fungal hyphae. 

 

(Above from sample wood mags 6.24.13) 



 

Sample eagle crab wood 8.12 

 

Above: the arrows indicate silica “windows” in the magnetite and in the organic 
material on the left side of this chain of grains. 



 

Below: arrows indicate dark strap-like structures that appear to be mineralized 
fungal hyphae (frame is about 1mm wide).  

 

 

 



 

Sample: mend west wood 6.27.13 
 
These grains of magnetite were recovered from inside an approximately 30cm 
diameter log of interglacial wood (cottonwood?) on the bank of Mendenhall Lake. 
The sample was dried and crumbled, then magnetic particles were collected with 
a magnet wrapped in paper. Below, notice the similarity to magnetite from Eagle 
Beach and Mendenhall Lake sand samples.  
 

 
 



 
Below, this sample appears to consist of organic material, silica and magnetite. 
The dark material is likely magnetic and looks like fungus: 
 

 



 
Sample: Kaiser 7.1.13   
 
The following three pictures show magnetite obtained from inside a piece of wood 
in an excavation at a construction site in the lower Mendenhall Valley. The wood 
was in a gravel deposit thought to be part of the “Gastineau Formation” (Miller, 
1973) dated at 8-14,000 years old. 

  
 



 

 



 

Conclusions: 

 This 1 mm grain from Eagle 
Beach demonstrates the 
following: 
 
1. Silica protruding on the upper 
right, shows its organic, not 
igneous origin. 
 
2. The grain was collected with a 
magnet so the dark material is 
magnetite.  
 
If the silica is not igneous, then 
neither is the magnetite. 
 
3. The magnetite is probably  a 
product of bacterial respiration. 
 
4. This particle could not have 
been made by grinding up 

bedrock. 
 
The magnetite and silica cannot have been ground out of the bedrock, carried 
tens of kilometers and then re-assembled into huge masses of finely formed and 
connected particles.  
 



 
Below: At Eagle Beach, rootlike strands in a gravel sized rock probably did not 
grow through the rock, but were there when it formed. 
 

 



Discussion: 
 
When I first looked at Eagle River sand under a microscope it was obvious these 
grains were molded particles, casts of something biological. Cubic or cylindrical 
grains showed radial and bilateral symmetry and were arranged in chains.  
 
At first I imagined they might be casts of colonial animals like bryozoans. It would 
account for the size and branching structure. Petrified beach deposits or biological 
digestion of carbonate fossils might account for the magnetite and the silica. 
 
Cells were too small. The largest grains are about 1mm so I was looking for a 
plant or animal with tissues consisting of 1mm diameter tubes partitioned 
longitudinally into chambers. These would have been filled with silica to make 
molded chains of grains. Fungal rhizomorphs and mychorhyzae are segmented 
and have the right range of sizes. 
 
The sand is continuous with the gravel and cobbles, so I at first I imagined 
carbonate fossils were being replaced by silica and magnetite as they were being 
digested from the outside in by some biochemical process. I now think these 
massive deposits of sand and gravel are probably the result of the mineral 
replacement of large masses of organic material when glaciers over-run forests, 
peat bogs, meadows, and tideflats. 
 
It appears that magnetite and silica replace fungal materials and it is likely the 
magnetite is the product of bacterial respiration under anoxic conditions. Therefore 
I suggest these “glacial sand and gravel deposits” are the product of a yet to be 
described anoxic biological environment under glaciers and ice sheets  
 
Search Image: 
 
The picture below from Mendenhall Lake sand, illustrates the following description 
of what might be observed when biological materials are replaced by minerals. 
 



 
 
When biological structures are mineralized, chambers are filled with silica and all 
the pores, tubes and connections through the walls and between adjacent 
chambers are also filled. Filling of tubular structures produces shafts of silica 
connecting the casts of adjacent chambers.  
 
When pores pass through a skin or exoskeleton the pore may fill with silica and 
then the skin may be dissolved away leaving bumps or shafts of silica on the 
surface.  
 
When the casts (grains) are separated, silica connections in pores and tubes are 
broken. If they break evenly a circular scar remains. These scars produce the tiny 
points of light seen in photos and these often show a play of opalescent colors. If 
they break unevenly, these connecting silica structures will leave either pores or a 
stubble of silica spikes on the surface of the grain.   
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