Agate Genesis 1
Genesis – the beginning of agate, and everything
else in our physical universe. I have vague
recollections of a professor, eons ago it seems,
scribbling back and forth, line upon line, across a
wall-to-wall blackboard (They used to be black!)
and droning on and on through the periodic table
as one element after another took shape in some
primordial cosmic inferno. But, be that as it may, it
all began back in Genesis with:
“In the beginning God created the heaven and the earth.”
That simple declaration is the crest of the mountain range that encircles and divides
the world, the head of the watersheds of human life, religion, culture, history, and
the future. That, too, is the great divide in the world of rock and mineral collecting.
There are those, like myself, who see rocks and minerals as material objects of
beauty and curiosity created by God; and those who see them imbued with
metaphysical properties by which humans and all the cosmos are unified. We fall
on opposite slopes of Genesis 1:1. There is no more important or more interesting
subject than the ramifications of Genesis 1:1, but it does take us off the subject of
this section; so click here: Watershed if you really and truly want to pursue that
subject, even at the risk of being offended, before going on with the physical nature
of agate.
I do feel compelled to add this comment about agate, however. As someone who
has lived more than half a century surrounded, even cramped, by rocks, minerals,
crystals, agates, etc., I can safely say that I have found them to be beautiful,
fascinating, addictive, dust collectors, toe stubbers, finger pinchers, back strainers,
obsessions, and damned nuisances, but never medical, mental, or spiritual
panaceas. The blessings I have enjoyed all these years I can attribute first to my
God, then to my family, hard work, modern medicine, and good old America. And,
yes, as with everyone else my age, I have been through tough times also. If one is
seeking spiritual solace, it is not to be found in rocks – though rock collecting and
lapidary arts are wonderful hobbies that I highly recommend.
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Out of the Dust of the Earth: The Chemistry of Silica
And the Lord God formed man of the dust of the ground, and breathed into his
nostrils the breath of life, and man became a living soul. Genesis 2:7
The “dust” of man's creation is a rather imprecise term, but the gist of the verse is
clear – man is made of material stuff and given life, both physical and spiritual, by
the direct action of God. And God made agate of the dust of the earth also; or
perhaps more precisely, we could say that agate is made of the same material as the
common dust of the earth.
All the stones that can legitimately claim the ancient and honored title 'agate'
are composed, in the main, of various forms (polymorphs) of silicon dioxide
(SiO2, aka 'silica'). Though I'm a bit rusty on these subjects, I'll see if I can make a
simple explanation of the chemistry and mineralogy of silica because it's important
to understand that as beautiful and mysterious as agates are, they are the result of
natural physical and chemical processes – processes that were established back “In
the beginning”.
Silicon, oxygen, aluminum, iron, manganese, carbon, calcium, sodium, etc., are all
elements. They are also distinct atoms. Atoms themselves can be subdivided into
smaller and smaller sub-atomic particles, but it is at the atomic level that these
particles produce readily identifiable forms – the elements.
Silicon and oxygen are the two most abundant elements in the continental
crust. They combine to form the most common compound - silica. A compound
is a molecule consisting of two or more different atoms. In the case of silica –
silicon and oxygen, SiO2. Two atoms of oxygen (@ -2) balance the electrical
charge of one silicon atom (+4), although in reality it's not quite that simple; what
is? Single SiO2 molecules don't exist naturally at surface temperatures and
pressures, not for long anyway; they are always bundled into larger molecules in
our world.
Silica thus exists in many forms, including as dispersed molecules of silicon
hydroxide (silicic acid) in water – a silica solution. Silicic acid plays an
important role in the story of agate, so a few words more about it are in order.
It's actually a group of silicon hydroxides; for instance, orthosilicic acid has the
formula H4SiO4 (equivalent to two water molecules + one silica molecule), and the
others are similar. Interestingly, orthosilicic acid is now touted as a miracle cure;
perhaps our relation to dust is not as far fetched as it seems.
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Think of it this way: a single molecule of silica (SiO2) is not entirely stable by
itself so it readily attaches itself to other molecules including H2O, but it also just
as readily abandons the water molecules when a better opportunity comes along.
The better matches include bigger silica molecules like Si2O4. When two
orthosilicic acid molecules combine to make Si2O4, the reaction kicks out four
hydrogen atoms that have to go out and scavenge up new partners (that's more or
less the definition of acidity). So now, when we speak of “silica solutions” and
sometimes “free silica” we understand that we are usually speaking of silicic
acid.
Agate, whether a primary nodule filling or a replacement filling, begins with the
accumulation of silica and we'll begin with a look at the most common source of
silica. Lavas and ashes expelled by volcanoes can vary greatly in composition,
especially in free silica content. Light colored volcanics like rhyolite usually
contain lots of free silica that is easily dissolved in the strongly alkaline
environment common in recent volcanic areas. Darker volcanics like basalts
contain less free silica. But all the lavas and ashes, formed under great heat and
pressure, are unstable at surface conditions and rapidly weather, releasing silica.
Large amounts of dissolved silica soon saturate the ground water that infiltrates
into the underlying rock.
The term 'solid rock' is only a relative description. No stone is entirely solid, all
have some amount of porosity (open space between mineral grains, in fractures,
etc.) and permeability (the degree of interconnection of the open spaces). Water
can travel remarkably well through very tiny spaces; in fact, capillary force
increases with narrowing channels. Dissolved mineral matter is even more mobile
than water, able to migrate through fixed water, such as water films bound to the
surfaces of tightly packed mineral grains. Silica in solution (silicic acid) spreads
by the chemical process of diffusion – the imperative for molecules in solution
to migrate from areas of higher concentration to areas of lower concentration
built into the natural world back in the beginning.
Once inside a comfy cavity where conditions allow, silica (from silicic acid) falls
out of solution into larger silica molecules in suspension. Having lost its silica, the
solution becomes deficient and draws more silica (in the form of silicic acid) from
outside. Even though the silica content of the cavity is rising, that silica no longer
in solution doesn't count as far as diffusion forces are concerned. As the silica
molecules in suspension grow larger and more numerous, they more efficiently
remove silica from solution. The increasingly rapid depletion of the solution
further increases the draw of silicic acid from the outside. And so it goes over time
until conditions in the cavity cause it to seal itself off from the outside. Of course,
it is never completely sealed off. So it's no mystery that silica moves through,
and collects in 'solid rock'.
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Bear in mind that the cavities in which agates form are filled with a fluid - silica
and perhaps other compounds in an aqueous solution. Silicic acid molecules
continue combining and form colloidal suspensions and/or polymers (molecular
chains). Colloids are simply small molecular clusters, of silica in this case.
Colloidal “suspensions” refer to the very small scale of the colloids; too small to
settle under gravity, so they continue bouncing around suspended in the solution.
When silica molecules or colloids combine into larger molecules or molecular
chains (i.e. polymerize) in sufficient numbers they form a gel. When I say 'gel' I
don't necessarily mean it has the consistency of jelly, but it would have noticeable
viscosity. Since the boundaries between these states - solution, colloidal
suspension, and gel, are progressive, the viscosities may vary progressively from
mildly viscous to a brittle, solid 'gel' prior to crystallization.
This Brazilian agate contains a remarkable
example of silica gel. It had enough viscosity to
retain the settlement traces of bits of fluff,
probably some iron compound, but was fluid
enough to allow it to settle – before the scene
froze into crystalline chalcedony (and yes, it
could be upside down but I examined it
carefully before orienting the picture this way).
The hydrogen atoms loosed by silicic acid
polymerizing usually pair off with oxygen to
Brazilian Agate with settlement structures
form water. The combined silica gel and
water have a larger volume than the initial
solution. That creates pressure if the reaction is taking place in a confined
space such as a gas bubble in lava rock. We'll look at that shortly.
Silica gels can adhere to surfaces, draw all the remaining silica out of solutions and
suspensions and plaster it around the wall of a cavity, or around the outside of
some structure, forming silica stalactites. If there is sufficient silica in a cavity, it
will continue accretion until the cavity is filled and the excess is expelled. Geodes
and open agate seams result from shortages of silica in the solution.
The gel is but a step toward crystallization as quartz, the most stable form silica
can achieve at surface temperatures and pressures. Crystallization further
discharges water and increases the pressure in enclosed spaces. Most of the
structures we see in agates, especially banding, form during the transformation
from the gelatinous state to solidly crystalline – though exactly how is not entirely
clear.
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Crystallization of Chalcedony
When a chemical compound crystallizes into a naturally formed solid, it is called a
mineral. Quartz is a silica mineral, but not the only one. There are several silica
minerals all with the same chemical formula – about 99% SiO2. They differ from
each other in the outward physical form they assume because of environmental
conditions at the time of their formations. They form at different ranges of
temperature and pressure, and some may incorporate water into their crystalline
structure, etc.
Of more significance in our discussion of agate is that quartz has several
varieties based upon the texture of the crystallization. These textural varieties
include macro-quartz that we think of as rock crystal; and micro-crystalline
or crypto-crystalline quartz varieties like chalcedony, chert, flint, and 'jasper'.
'Jasper' has become a sort of generic catchall term used by rockhounds and
lapidarists for all opaque silicated gem and decorative stone.
Macro-quartz consists of quartz crystals large enough to be seen with the unaided
eye or with an optical microscope. The terms 'micro-crystalline' and 'cryptocrystalline' ('hidden crystals') are often used inter-changeably but 'cryptocrystalline' refers to a crystalline structure that can cannot be individually discerned
even with an optical microscope, only by an electron microscope. Chalcedony is
better described as 'crypto-crystalline', although either description is perfectly
appropriate in casual usage. These varieties have their own peculiar characteristics
that bear on what we know as 'agate' and we will be examining those
characteristics in some detail as we go along.
Then there are the silicate minerals like the feldspar group. Silicates are the largest
group of rock forming minerals. While silica is the main component in these
minerals, significant other components give each its own unique characteristics.
The zeolite group of silicate minerals, for instance, is composed of silica and
alumina (aluminum oxide, Al2O3) with minor amounts of various other
components. The zeolites are not major rock forming minerals like feldspars, but
are commonly associated with agates. The two have, in fact, a sort of symbiotic
relationship, if I may use that term as an analogy for a non-biological relationship.
Zeolites crystallize prior to chalcedony, sweeping up alumina and other compounds
that would impede chalcedony crystallization. Then the zeolites form nucleation
points for crystallization of chalcedony.
As far as our study of agate goes, we may consider crystallization to macro-quartz
or chalcedony to be the final stage in the chemical processes of silica. We'll turn
our attention to that process now. The chemistry of these silica reactions is
comparatively simple and well understood; compared, that is, to the crystallization
of the silica minerals in agates.
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There is no general agreement even on the most basic questions – was the agate
chamber filled with silica sol/gel prior to crystallization so that every thing that
happened in the formation of the agate was due to internal phenomena, or did silica
and other minerals enter into the chamber and alter the agate during it's formative
period?
There are ample examples cited for each scenario and ample problems cited with
each, so perhaps there may be cases in which both occur. Certainly mineral plumes
do diffuse into silica filled chambers; we will look at those later. But the average
Joe banded agate, I think, forms in a sealed chamber with just the materials on
hand. We'll examine that model in some detail, and later on, look at an agate that
seriously challenges it.
Though we will be looking at a wide range of materials labeled 'agate' we will
begin by looking specifically at crystallization of what we might call 'true agate'.
True agate is most loosely defined as 'banded chalcedony', and chalcedony is
commonly defined as micro-crystalline or crypto-crystalline quartz. So we
have two phenomena to reckon with here - crystallization and banding. Only
crystallization is extensively covered in this section, but I mention them together
because they are inextricably connected, even though the precise nature of the
connection remains obscure. Before we proceed farther, let's make a distinction
between agate and jasper: Agate vs. Jasper
Another thing before we proceed; there is a growing and somewhat confusing
divide between modern technical jargon of mineralogy based upon x-ray
diffraction and electron microscopy and the older, simpler terminology familiar to
hobbyists like myself. We will be using, for the most part, the older, simpler
terminology.
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As I mentioned, silica forms various minerals depending upon conditions at the
time - especially temperature, pressure, and the
chemistry of its environment. Under one set of
conditions it will form macro-crystalline
quartz, under another set of conditions it will
form cristobalite (the “snowflakes” in
snowflake obsidian). Under still other
conditions it will form opal or some other
amorphous non-crystalline variety. And then,
of course, there are the micro-crystalline
varieties of quartz. All those silica polymorphs
are to be found in some quantity in agate. We
will briefly examine several of these
polymorphs, not only because they occur in
agate but because their presence gives us clues macro-crystalline quartz
to conditions in the transition from silica
solution to agate.
Macro-crystalline quartz is the purest, most ideal form of silica; ideal, that is, for
'life' at surface temperatures and pressures. Macro and micro-quartz can form in
the same general conditions, but their optimum formative environments differ a
great deal. Their method of formation also varies. The fact that they are frequently
associated in agate shows that contents and conditions in the agate stew pot can
vary and/or isolated environments can develop.
Macro-quartz associated with agate is believed to form slowly from a near
equilibrium to slightly saturated silica solution. It grows by addition of silica
molecules directly onto others in its own, unique crystal form, or lattice structure.
That is sometimes called 'molecular deposition'. Where there is sufficient space to
grow, the familiar external crystal form develops. Look again at the macro-quartz
example, actually a cluster of inter-grown quartz macro-crystals displaying the
typical external crystalline form. The largest crystal, a 'Herkimer Diamond', is
about an inch long. The term “inter-grown” means the crystals share molecules
between themselves and can't be separated.
Where there is not sufficient room for full development of the crystal form, quartz
crystals grow crowded against and into each other making a solid mass. Internally,
however, they have the same ordered crystalline structure. The principles of silica
chemistry that self-organize crystalline structure drive crystallization towards
fewer, larger crystals, but only as conditions allow.
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Micro-crystalline quartz will form in conditions less than ideal for macroquartz, tolerating a significant amount of mineral impurities that would block
macro-quartz formation. The most important difference in generating one or
the other seems to be that a super-saturated silica solution or gel readily and
rapidly precipitates minute quartz crystals once it reaches critical conditions –
'ripening' as some agate researchers put it.
One of the characteristics of the rapidly forming micro-quartz crystals is the high
number of imperfect crystals; imperfect not only in shape but in molecular
structure. Those defects seem to contribute to chalcedony's unique characteristics.
Once the initial micro-crystals precipitate, they also grow by a process of
molecular deposition; the difference with macro-quartz is that they grow
individually very little. The structures they form are from agglomeration of minute
crystals rather than larger crystals.
Too much water bonded in the silica solution or gel will block chalcedony
formation and an amorphous (non-crystalline), hydrous (water bearing) silica form
like opal may develop. Opal is composed of densely packed spheres of hydrous
silica. The arrangement of the packing determines whether it is common or
precious opal.
There are numerous varieties of micro-quartz identifiable by sophisticated
instrumentation but are discernible to the eye only by subtle differences in
translucency and shadings of blue and gray. For our purposes, we can use the term
'chalcedony' to encompass all the crypto and micro-quartz varieties that commonly
occur in agates. Chalcedony once was considered to be a mineral but now is
usually relegated to the status of an informal group name for several related
textural varieties of quartz. All agate lovers hold it in high esteem however, for
chalcedony is the essence of agate. Despite the many types of agate and modes of
formation, agate is primarily the product of the physical characteristics of
chalcedony.
I've included a few pictures, later on, to illustrate the nature of chalcedony, but a
few pictures can't do justice to the complexity of chalcedony. All the agates we will
see pictured in the coming pages consist partly or totally of chalcedony, and they
don't begin to exhaust the possibilities of chalcedony.
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In the 19th Century, mineralogists using optical microscopes described
chalcedony as composed of two types of silica – a fibrous type, and a granular
type. Modern research has revealed much more about all the silica group. Through
electron microscope examination, researchers have found that the “fibers” are not
really fibers in the sense of long molecular chains but are long, twisting stacks of
minute quartz crystals densely packed and inter-grown in what appears, under
lower magnification, to be coarse fibers that bundle together. The granular type of
chalcedony is actually composed of diversely oriented agglomerations of shorter
stacks that, for some reason did not form into the longer 'fibers'. When I say
“long”, I mean long relative to the diameter of the “fiber”; the actual length may be
microns to a few millimeters.
The photo at right is of a thin-section (a slice
of rock cut and polished thin enough for
light to pass through and viewed with
polarized light behind it) of Paint Rock agate
showing granular and fibrous chalcedony. It
is an unbanded carnelian type material in the
main with rims of fibrous banded agate
around silicated to pure hematite (iron oxide)
pockets, which are opaque in transmitted
light.
This photo was taken with a bellows lens
rather than a microscope and so could be
best called a macrophoto. Bear in mind that
it is granular agglomerations and fiber
bundles we see at this magnification, not
individual crystals.

agate thin-section

If you want to see what this agate looks like in 'real life': Paint Rock agate
Though the terms “fibrous” and “granular” chalcedony are not precisely correct
from the technical point of view (they are technically described as different species
of quartz), they remain useful for discussions of agates in layman's terms as we are
doing here. Wall banded agate, that is agate with banding that attaches to the wall
of a cavity and follows the contours of the cavity is usually of the fibrous type.
Unbanded and some “water level” banded agate (also known as “Uruguay
banding”) are often of the granular type. But there are many variations and
exceptions; many (if not most) agates are mixtures of banded and granular
chalcedony, often with macro-quartz too.
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This macro-photo is of a thin-section of a
Mexican Crazy Lace agate showing fibrous
chalcedony wall banding, the classic definition
of “agate”. It also appears to have either a few
interspersed granular bands, or layers of very
fine diversely oriented fiber bundles (which may
be a distinction without a difference). It shows
mineral exclusion bands (discussed later on) and
a silicated to pure hematite zone.
Here is a guide to understanding chalcedony by
using thin-sections: Thin-Section Guide

banded agate thin-section

Refer back again to the photo of the quartz crystal cluster. The 'fibers' may be
thought of as something like long chains of these, only sub-microscopic and
densely packed together; an average thumb would cover countless fibers. The
granular chalcedony may be like jumbled piles of these clusters; substantially
larger than the fibrous variety but still microscopic.
It is apparent that, even tightly packed, the
irregular chain structure of chalcedony, perhaps
something like the illustration at right, is
somewhat porous allowing the incorporation of
water and other mineral impurities. That legacy
of too rapid development is one of the chief
features of chalcedony and allows it to possess
color and pattern. It also allows chalcedony, or
agate, to be dyed, as is the piece pictured
below.

One further note on the quartz illustration above - the quartz crystals pictured are
perfectly clear, it is only because of their reflective surfaces that they are not
transparent. When completely intergrown, clear quartz crypto-crystalline
chalcedony is transparent, with reservations noted below.
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There are huge amounts of nearly colorless agate mined and dyed each year,
mostly Brazilian. The above photo of a dyed agate slice is very attractive in its
way, but to many agate enthusiasts it doesn't possess the beauty or interest of a
good natural agate. Notice that the thin outer chalcedony rim accepted the dye
while it was not accepted in the wide macro-quartz ring. The center is chalcedony
and took the dye very well, although much of the definition in the banding was
lost.
One doesn't need thin-sections and polarizing filters to
observe fibrous chalcedony. It is easy to see, in an
indirect fashion. This photo of a thin slice (2mm) of
nearly clear Brazilian agate held in front of, and at an
angle to the light source, demonstrates the diffraction
effect of the fibrous chalcedony on light passing
through. It is a completely fibrous wall banded agate
with no granular chalcedony or macro-quartz.
Notice how the fibrous structures, I think they could
well be called 'colonies' because they are growing
rather than static 'bundles', begin at the edges and grow
together. They begin as hemispherical growths along
the sides of the vug. As they grow outward towards the
center of the vug, they crowd each other, become distorted and eventually dead end
against each other. That apparently impenetrable boundary between fiber colonies
is an interesting phenomenon in itself that we will see expressed in different ways
as we proceed.
Notice in passing also, for future reference, that there is very faint concentric
banding in the agate, but that banding doesn't appear to interfere with the fiber
bundles.
How does this agate slice look in thin-section?
And just how thin is a thin-section?
Clear Agate Thin-section
This photo is of another thin slice of a nearly clear
Brazilian nodule cut at a different angle showing
the crowded fibrous structures 'head on'. This
pattern is called 'turtle back', although an ideal
turtleback pattern would show regular polygons.

Speaking of God and Agate, and Man – Agate Genesis, Part 1 ©2015 Bill Kitchens

Let's look at another phenomenon of
chalcedony. Although you may see
definitions that say agate is never
transparent, take that with a grain of salt.
The first thin slice of Brazilian agate
pictured above, in front of its reflection in
a mirror, is translucent – none of the
background shows through. The same slice
is clear when resting on the Word as seen
in this picture. The background shows
through with very little interference. The
fibrous crystalline chalcedony diffracts
and diffuses the reflected light image behind it but the effect is negligible when the
slice is directly on the background.
There is a great life lesson illustrated here, quite by accident. It is that the closer
you get to the Word of God, the more clearly you can see the Word who is God. If
you would like to know more about the Word who is God, follow the link below:
Who is the Word?
But, back to agates; the point of that observation is that, if the cryptoquartz/chalcedony is relatively pure and uncolored, you can often see into an agate,
giving a three-dimensional view of the structure. This three-dimensional property
is one of agates greatest attractions, and distinguishing characteristics.
An unusual definition of chalcedony I have seen is 'fibrous spherulitic silica'. That
is a bit restrictive and rules out much of our 'agate', but it does point out an
important fact about fibrous chalcedony: that its preferred form is a radiating
sphere. Fibrous chalcedony forms as half-spheres only where one side is blocked.
It forms perfect spheres where allowed space and essential weightlessness, as in
orbicular agates where fibrous spheres form in suspension. It can also be seen on
the tips of mineral crystals, forming banded haloes around them as in the photo
below of a Laguna agate with a spray of some mineral now replaced with
weathered iron oxide .

Laguna Agate with sagenite
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Where gravity has had its way, chalcedony is also found as slightly flattened
clusters of roundish globs. A 'botryoidal form' (bot-ry-oid-al) is the proper term,
meaning “like a cluster of grapes” in Greek. Those globular structures are often
found on the insides of geodes also. The botryoidal surfaces are also called 'turtle
back'; both are the result of chalcedony's radial form of crystallization.
I rather like “blob” as a descriptive term for chalcedony. Until it crystallizes into
chalcedony, or becomes too viscous, silica solution/gel can flow, seep into and fill
cavities, and will even dissolve away and replace other materials - animal,
vegetable, or mineral. Sounds like a sci-fi “blob” doesn't it?
The chalcedony blob at right is quite safely turned to stone
but this linked photo Crazy Lace agate shows chalcedony
caught in the act of attacking and devouring another
mineral. In such cases, chalcedony assumes the form of its
victim. We'll see that predatory nature of chalcedony over
and over again as we continue our look at agate. But let's
take one more turn at understanding fibrous chalcedony
before we move on.
I've lumped several different chemical processes together in the preceding
paragraphs, but I need to separate them now. The combining of silicic acid
molecules to form a large silica molecule is a chemical reaction at the atomic level
that alters the molecule. The formation of colloids and polymers is a clumping, or
stringing together, respectively, of molecules under a completely different set of
forces. Crystallization operates under those forces also, but in a more complete
manner; it is something of the difference between a frozen dessert that doesn't
harden because it's not all water, and an ice cube. Let me go out on a limb here
with another over-simplified analogy, this time to get us started on the road to
crystallization.
Silica molecules are forming and bumping into each other (they are always
moving, even in a viscous gel) forming colloids and small polymers but not
sticking together in any uniform or permanent structure. We could say, using a
mechanical analogy for a chemical process, that like molecules have hitches that
could connect them together in a permanent structure but the molecules have to
bump pretty hard for the hitches to lock-in. As long as they are free floating, they
collide and simply bounce apart. But if the cavity wall holds some silicate, or other
mineral with a suitable hitch, and a silica molecule hits it just right, it can lock-in.
That locking point can be called a “nucleation point”.
Once the first silica molecule is locked in, it becomes a nucleation point for other
silica molecules and it is soon covered over in a hemispherical mound that
continues to grow outward until stopped by a physical boundary, or chemical
boundary like exhaustion of silica. This chain reaction happens quite rapidly.
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These hemispheres are very commonly seen
around the edges of banded agates like the one in
the picture to the right. Click on the following link
for the full picture, it's a beaut! Agate Creek nodule
Then exposed just right on the outside of a nodular
agate, the hemispheres appear as rings. Larger
hemispheres create the classic 'eye agates' like this
Botswana agate nodule which is polished on the
outside.

Australian Agate

Agate Nodule from Botswana

As we saw in the thin slice of the Brazilian agate, the fibers continue to grow, but
the hemispherical shape rapidly becomes distorted toward the agate center.
Now, if you are paying close attention, you will notice that I am being a bit vague
about the relationships between solution, gels, and micro-crystalline quartz. That's
because the relationships at this point are quite confusing, at least to me. We see
the radiating crystalline structures in rock solid chalcedony/agate. And yet we also
see soft body deformation in the pressure release structures commonly occurring in
agates, which we will examine later. The term 'nucleation' is most often
associated with crystallization, but is also quite appropriately applied with
polymerization. So, it is polymerization first, at least in the fibrous banded
chalcedony. Then, it seems apparent, there are some stages between
polymerization and complete crystallization, that I am loosely referring to as
the 'gel' phase, where banding and these deformations occur. Continued
'curing' of the chalcedony finalizes the crystalline structure.
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That still leaves us with questions about granular chalcedony and water level
banding. It is a bit of an over-simplification, it seems to me, to conclude that they
all just 'settle out' of solution. Larger colloids and silica spherules do settle out
under gravity and their residual structures can be seen in layered beds, but those do
not seem to be the majority. I suspect that fine settled silica ooze undergoes
crystallization to granular chalcedony and rhythmic banding just as does fibrous
chalcedony. The coarser silica precursors may favor granular rather than fibrous
chalcedony. Unbanded chalcedony may be the result of in-place microcrystallization.
Here is a remarkable photo of silica
spherules, probably hydrous silica,
trying to coalesce into a layer over
growing crystals of goethite – before
being frozen in time. I suspect the
spherules were produced from water
expelled by the crystallizing goethite.
This may give us some hint as to the
formation of certain types of granular
banding. The agate is from Chihuahua.
Lack of suitable nucleation points on
San Carlos Agate
the inner surface of the vug has been
suggested as a factor in granular
chalcedony formation and that may well be. But the main factors that control
precipitation in general are concentration of the solution, and the inter-related
factors of temperature and pressure. They must surely be the main factors in
chalcedony formation also.
The development of wall banding is a determinant in internal pressure
development. It seals off the void as well as releasing water. I don't recall seeing
any pressure release structures in pure water level banded agate – a granular
chalcedony agate. It may be that granular chalcedony is more prone to develop in
lower pressure environments while the fibrous wall banding occurs in high
pressure environments. Let's examine that idea for a moment.
High pressure accommodates higher heat; the pressure cooker effect. And I'm
speaking of pressure cooker heat and pressures here, not volcanic heat and
pressure. Higher heat and pressure allows more silica in solution and makes it
more reactive. Our agate formation model holds that chalcedony forms rapidly
from super-saturated silica solutions or gels, while macro-quartz forms slowly
from near equilibrium solutions. Might it be that fibrous chalcedony forms at
higher pressure and temperature and concentrations while the larger granules, or
their precursors, form more slowly at lower pressures, temps, and concentrations,
allowing growth of spherules large enough to settle under gravity.
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Let's speculate a little farther along that line. Might it be that when a blow-out
occurs in an agate, the changing pressure/temperature/concentration causes a
change in the precipitation of silica species; possibly from fibrous to granular
chalcedony, perhaps even to macro-quartz? I have noticed, in agates you will be
seeing later on, an apparent association of pressure-release structures with waterlevel banding and macro-quartz.
I've only touched on banding and other visible structures found in agates but I
think it would be better to wait about getting into those subjects until we look a
little more at agate genesis in the next chapter.
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Paint Rock agate slice from which thin-section was cut.
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Mexican Crazy Lace agate showing chalcedony dissolving and wicking
iron oxide from hematite particle.
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Full view of Agate Creek nodule showing hemispheres.
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Who is the Word?
In a world of words, words, words there is only one “Word” as St. John used it to open his
powerful Gospel – his own Good News of Jesus Christ*. Of course he did not use our “Word”, he
used the Greek term transliterated into English as “Logos”, which most English versions of the
Bible translate as “Word”. Some Bible versions stick with “Logos” however, because “Word” is so
inadequate to express the full meaning of ”Logos” as John used it. Oh, “word” is a perfectly
correct and perhaps necessary translation; the common Greek word “logos” does mean the same as
our word “word” (boy this is getting wordy). But Logos had become a term used amongst
philosophers of the ancient Greco/Roman world to mean something entirely different.
By the time of Christ, belief in Olympian gods was wearing thin in the Greco/Roman world, and
searching minds were turning east, to ideas of great, but impersonal forces at work in the cosmos.
Such was their “Logos”, a creative, but not a personal, or even necessarily a sentient, force. John
the Apostle seized upon 'logos' as a way of connecting with people who did not know of the
revelations of Himself that God had given to Abraham, Moses, and the Hebrew prophets over the
centuries. The Genesis revelation tells us that God spoke and worlds were created: “And God said:
Let there be light: and there was light” (Gn 1:3), for the word of God is powerful. And so, day by
day, piece by piece, God spoke the heavens and the earth, and all that is in them, into existence.
The revelation of God to man, like the creation itself, has been progressive – according to God's
own timetable. John tells us of God's final revelation of Himself to man – Jesus Christ. In some
way, John declares, that creative word of God has been born into our world as a flesh and blood
man.
The Biblical Book of Hebrews, an open letter to First Century Christians sheds further light on this
incarnate (in-the-flesh) “Word” of God: “God, who at sundry times and in divers manners spake in
times past unto the fathers by the prophets, Hath in these last days spoken unto us by his Son,
whom he hath appointed heir of all things, by whom also he made the worlds; Who being the
brightness of his glory, and the express image of his person...”. What could that mean, “the express
image of his person”? Certainly it does not mean God has a body that looks exactly like the man
Jesus; no, it refers to the far more important attribute of personhood – character.
Jesus testified in the same way of himself when the disciple Phillip asked Jesus to show them the
Father: “Have I been so long time with you, and yet hast thou not known me Phillip? He that
hath seen me hath seen the Father; and how sayest thou then, Shew us the Father?” (John 14:9)
*The proper name 'Jesus' is an English rendering of the Latin version of the Greek word used to
translate a Hebrew proper name meaning “God saves”; the name given Jesus Christ at his birth.
'Christ' is a title, having gone through similar transliterations from the original Hebrew and
meaning one who is chosen or anointed; in this case, the one who has been expected since the fall
of mankind in Eden (Genesis 3:15).
So Jesus is properly called 'Jesus the Christ' – or put another way: 'God's salvation come at last'.
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The Watershed
I have likened “In the beginning God created the heaven and the earth” to a mountain
range watershed. Such watersheds are complex, sending water this way and that, down
raging rivers and quiet brooks, feeding mountain lakes and lowland swamps on both
slopes. But despite all the similar meanderings and dalliances along the slopes, All
watersheds offer two entirely different destinations. So it is with Genesis 1:1, a worldwide divide of culture and thought. The practical result of that is two world views –
monotheism and pantheism. Monotheism sees one God, not necessarily my (admittedly
difficult) Trinitarian Christian view, but one eternal self-existent divine Person standing
alone amidst, but apart, from His creation. Pantheism sees all of the cosmos as one
eternal, self-existent entity all of the same essence in one form or another, all united in
some immaterial fashion; all, in essence, 'god', perhaps with some impersonal
intelligence arising out of it that accounts for the order clearly seen in the physical
universe.
Some readers may get their backs up at that comment and add the atheistic/naturalistic
world view, perhaps calling it the “scientific” world view. I don't consider atheistic
naturalism a valid world view however, much less scientific. It is merely a variation on
pantheism, tacitly accepting the foundational metaphysics of pantheism that the cosmos
is eternal, self-existent, and all encompassing. At the same time, it studiously ignores all
the difficult corollaries that come with those precepts. Atheistic naturalism has been, in
clear violation of the intent of the First Amendment to the US Constitution, foisted off
on the people of America (and most of the modern world) as a de facto established
government religion - and at a terrific cost. Only a part of that cost is that Americans and
others of the formerly Christian west are more ignorant of science and more
superstitious than they have been in generations.
It could not have ended otherwise. The goal of eroding traditional Christian beliefs and
culture has succeeded to a large extent. But it was the Biblically based belief in an
intelligent Creator, intelligent design in the cosmos, and mankind created in the
intellectual and moral image of God that was the foundation of western science. And, by
the way, that was also the foundation of America's tradition of limited government – that
men are “endowed by their Creator with certain unalienable rights” (rights that can't be
taken away by government for they are not the gift of government, but of God – which
answers the question of why modern governments are the enemies of Biblically based
world-views).
The spiritually dry desert of atheistic naturalism fails to meet the objective tests of
reality and the needs of most people; so, having been alienated from their religious and
cultural heritage, people of the formerly Christian western world go searching for truth
elsewhere, often into a pop-culture pantheism. Let me put it this way: The confident
1960's Star Trek fantasy of a future world ruled by science, reason, and humanist values
has long ago been swept away by the Star Wars dark, occultic mentality.
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Today, minerals and agates have become integrated into pantheistic occult and 'esoteric'
practices. I am astonished to see all kinds of outlandish claims for medical, emotional,
and spiritual benefits of mineral bric-a-brac. But I shudder to see ads for agates to
“ground” people, to bring them closer to the earth or “Mother Nature”. To be 'grounded'
is to be farther removed from the Creator and Redeemer of this world.
I am no more of an authority on religious matters than on agates; but I would like you,
my dear reader, to understand that my opinions and comments are not unexamined and
'off the cuff'. What I have written here is based upon a lifetime of experience and
extensive study. Much of it I gleaned years ago when I was an omnivorous consumer of
theology and philosophy, until my eyes rebelled and forced an end to my 'mid-life crisis'
aspiration for an academic career as a Bible scholar and theologian. I had to give them a
long rest before finishing my Master's in Religion and Philosophy- pretty much the end
of my formal academic career. Although I still have to take it easy on my eyes, I have
found no subject more fascinating than who God is; and no subject anywhere near as
important - even agates.
Let me submerge the mountain range analogy and continue with it for a few moments to
explain my beliefs. Biblical based Christianity recognizes that mankind can never fully
understand God, we can know only what He reveals to us. In a sense, God is like an
undersea mountain range – we can know only the peaks that emerge from the depths
into our world of light and air. Perhaps that is an outdated analogy; with today's
technology, we can explore the roots of the undersea mounts. But what technology do
we possess to explore that which lays beyond the boundaries of our cosmos?
God, however, in His gracious concern for mankind, has revealed something of Himself
to us over the centuries. Beginning there in Genesis 1:1 and continuing throughout the
roughly seventeen centuries of the Biblical record, God's revelation to His prophets and
apostles shows us that He existed prior to His creation of our physical universe;
therefore He is not a part of it. God's greatest title and foremost attribute, translated from
ancient Hebrew as “holy” is rooted in the conception that He is separate from our
physical world. Jesus tells us that the Father is Spirit (John 4:24), not of the same stuff
as our world contains.
The personal name that God made known to Moses, “I am” (variously transliterated
from Hebrew as “YWH”, “Yahweh”, or “Jehovah”) indicates His uncreated, unchanging
self-existence. He exists in only one tense: present. Psalm 90 describes God as
“everlasting to everlasting”. A more literal, but cumbersome, way of translating that
Hebrew phrase is “from out of sight in the past to out of sight in the future”. In these
revelations of the powerful, creative, holy, eternal and self-existent nature of God, all the
great monotheistic religions (in chronological order) – Judaism, Christianity, and Islam agree.
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Still, the Holy Scriptures we Christians know as the “Bible”, which is simply a form of
the Greek word 'book', contains many more revelations of the nature of God. But those
revelations are subject to much more differing interpretations and weighting of value. To
discuss those differences in any depth is beyond my ability as a scholar and beyond the
scope of this paper. So I will address those differences about the revelation of God only
this way: Judaism is still awaiting the final revelation of God: the Messiah. Islam holds
that Mohammad gave the final revelation of God. Christians believe that the Messiah
has already come; the Son of God, Jesus by name, and that Jesus revealed two more
manifestations of God in our world – himself, both fully man and fully God; and the
Holy Spirit, God with us and in us. So, in the Christian belief, we have, so to speak,
three peaks emerging into our world. We know they are part of the same whole, The
Holy Trinity, Jesus tells us so, but we cannot see exactly how they are connected.
Though the triune nature of God is made more explicit in the revelations given by Jesus
and his apostles found in what Christians know as the 'New Testament', the foundations
for those revelations are laid in the 'Old Testament', the sacred books of ancient Israel.
The very second verse of Genesis introduces us to the “spirit of God” and there are
many other references to the actions of the spirit of God. Genesis also introduces to the
idea of Godhead, : “Let us make man in our image, after our likeness” (Gn.1:26). The
Old Testament also introduces us to the concepts of the incarnation of God, and the Son
of God. Centuries before the birth of Christ the Prophet Isaiah was inspired to write
“ ...the Lord himself shall give you a sign; Behold, a virgin shall conceive and shall bear
a son, and shall call his name 'Immanuel'”; meaning “God with us” (Is 7:14). Psalm 2
declares, “The Lord hath said unto me, Thou art my Son; this day I have begotten thee.”
Despite the vast gulf between us, His revelation shows us that God loves His creation as
a father loves his children, even to the point of becoming a man for our sake, and
sending His Spirit among us that we may know Him better. Just as an aside, I think one
of the problems we have in understanding the incarnation, God becoming the man Jesus,
is in applying our modern understanding of the term “son” to Jesus. We think of a son
mostly as a biological offspring. In ancient days, the first thing to come to mind when
one thought of “son” was heir to the position, property, and rights of the father. If it were
the son of the king, especially the only son, he would be the rightful heir to the throne.
Jesus, as the only begotten Son of God is rightful heir to all that is the Father's.
The Biblical description of man is of a unique created being; a physical being endowed
by God with spirit, not an eternal spiritual being temporarily endowed with a physical
body. Man's spirit transcends physical death in some fashion but is not eternal in the
sense of having an existence equivalent to God, pre-dating the creation. In life and in
death, man's spirit is dependent upon God.
St. Paul speaks of God as “incorruptible”, meaning not subject to death and decay, while
man is “corruptible” (Romans 1:23). A time is coming however, when corruption shall
put on incorruption and we shall have an immortal body – at the pleasure of God.
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Physical immortality was the original plan, as we see a little later in Genesis, until man
rebelled against God. Rather than allow man to live forever in a state of rebellion, God
shut off man from the “tree of life”. The ultimate destiny of all God's children now is
resurrection – an entirely different concept from reincarnation.
There are created spirit beings in our cosmos also, as thousands of years of human
experience testifies. These are persons in a sense but without a physical presence of their
own, and therefore, spirit of a different nature than man's. We are told that they were
created as messengers (i.e. “angels”) to serve God and minister to His creation. Few of
us could honestly contemplate our lives without being aware of unseen hands at work.
Many 'angels' rebelled and became haters of mankind however – 'demons', or 'devils' we
sometimes call them. Humanity has a certain, limited access to their world, and viceversa, but dabbling in their world is extremely dangerous and strictly forbidden to God's
people (Deuteronomy 18: 9-14 and many other verses). But almost as dangerous as
dabbling in the world of demons is the obtuse denial of its existence. Spiritual evil is a
very real, and growing, force in our world today.
Pantheists may or may not recognize the existence of spiritual evil, but it is part and
parcel of pantheism to see some spiritual force in any and all physical objects. Demonic
spirits are shown in the Bible to inhabit both humans and animals. It is problematic in
the Biblical revelation as to whether demons can inhabit inanimate objects also.
Sacrifices given idols are “given to demons” but whether the demons inhabit wood,
metal, and stone idols or the idols merely represent the demons is not clear. It is clear
that, though their number is “legion”, the number of spirit beings, good and bad, is finite
– not everything has a spiritual dimension. In fact, very few if any material objects
harbor spiritual entities or posses any spiritual properties in Biblically based thought.
That ability to separate the spiritual from the material world is one of the keystones of
western science.
So, what are the two distant seas we must eventually flow into – intellectual and
spiritual seas, seas of world-view, seas of worship and service? And what does it matter
which side of the great divide one chooses?
To be continued:
See Romans, Chapter 1
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Agate vs. Jasper

Laguna Agate

Both these are beautiful, crypto-crystalline silica stones and have similar origins,
but the agate is translucent to clear while this true jasper is opaque. The agate has
fibrous chalcedony color banding while the color and banding on the jasper are
akin to simple staining, though more complex.

Rare Green Bruneau Jasper
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Thin-section of clear Brazilian Agate

As this agate nodule had no color, I saw no beauty or value in it, so I threw it into
the scrap pile. Later, however, doing this project, I found that it did have value and
even beauty when looked at in the right way - under crossed polarizing filters. So it
is with God, he sees value and beauty in us that the world never suspects; nor even
that we suspect.
If you look very closely at the top edge you can see bits of the cavity wall where
the crystallization began. Around the specks of rock is a thin covering of very fine
chalcedony, then the larger fibrous colonies began growing from it. The wall
banding shows faintly.
The very faint vertical lines at the edges of the agate slice are the edges of the
microscope slide cover which is just a little narrow for the slice. Both the
microscope slide the thin section of agate is mounted on and the slide cover are
glass, and as glass is non-crystalline (amorphous) it does not diffract the light and
is invisible.
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So just how thin is a thinsection? This photo shows
the microscope slide and
glass cover slip with the rock
slice sandwiched in-between.
The pin point indicates the
space occupied by the 30
micron agate slice and the
glue holding it. If you look
very closely, you can see the
faint darker edge of the slice
running left to right and extending slightly past the cover slip.

That's all for this chapter/pdf!
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