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Dana's System of Mineralogy was first published in
1837 by James Dwight Dana as a framework for
classifying and organizing minerals based on chemical
composition and crystal structure. Similar to taxonomy
in biology, the Dana classification groups minerals
based on related properties. Wooden crystal models
have been used as mineralogy teaching aids since the
early 1800s to understand crystal morphology. Even
though terra cotta crystal models were previously
constructed in the late 1700s, the wooden versions
became highly sought after by scholars and collectors
alike and are still used in mineralogy classrooms today.
Photo by Kelsey McNamara

Crystals Part Il

Crystals are such a fascinating subject that we just couldn’t contain our excitement to one edition
of Lite Geology! In this installment, New Mexico Mineral Museum Curator Kelsey McNamara
explains why minerals have an abundance of crystal shapes and shares photos of examples. If you
enjoy admiring pictures of these amazing crystals, you can visit them on display at our museum!
Mineralogist/Senior Mineral Museum Curator John Rakovan and Geochemist/Microbeam Analyst
Nels lverson describe cutting-edge technology and techniques used at the New Mexico Bureau of
Geology and Mineral Resources (NMBGMR) to visualize and identify minerals. A crossword provides
puzzling entertainment for the crystal enthusiast. And John Rakovan describes his educational and
professional journey from the seaside shores of Rhode Island to the high desert plains of central
New Mexico in the “Through the Hand Lens” article.
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There Are Good Habits, Bad Habits, and Crystal Habits!

Kelsey McNamara

Do you ever wonder why minerals have such a variety of crystal shapes? A tabular habit is defined by flat, plate-like crystals that can range from paper-thin
Why do some minerals look like hair, while others are shaped like cubes? to thick, like a stack of cards. Wulfenite and barite show a classic tabular habit.

In mineralogy, crystal form and crystal habit are fundamental concepts used .

to describe the external appearance of a mineral.

Crystal form is the specific geometric arrangement of a crystal’s faces, related to
each other by symmetry of internal structure. Crystal habit refers to the typical
shape and external appearance of a crystal, influenced by both its internal atomic
arrangement and the conditions under which it grew. Crystal form and crystal
habit can be viewed in a hand specimen. Since we don’t have X-ray glasses and
can't physically see inside a mineral at the atomic level, we are going to dive into
the world of crystal habit (or the external shape) for this article.

Prospect Mine, Lemitar Mountains, y
Socorro County, New Mexico

GIFT OF THIEF MOUNTAIN MENING
Mineral Museum No. 18326
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Many factors influence crystal habit, like temperature and pressure during
crystal growth, chemical composition, and space for growth, to name just a

few. Crystal habit may vary tremendously within the same crystal form due to Waulfenite as sharp, tabular crys.tals fr.om Tabular barite crysta!s (resemblerg mountain

. . . . . N Los Lamentos, Chihuahua, Mexico. Gift of peaks) from the Lemitar Mountains, Socorro
differences in the factors affectlng growth. Minerals come in all shapes and sizes, Don Moore. Photo by Kelsey McNamara County, New Mexico. Gift of Thief Mountain
and there are many ways to describe them. Let’s take a photo tour around the Mining. Photo by Kelsey McNamara

New Mexico Mineral Museum to learn more about crystal habit!

A blocky or equant habit shows the same dimensions in all directions. Isometric minerals (those with three perpendicular axes of equal length), like pyrite, fluorite, and
halite, commonly display this type of habit.

i,

Fluorite

ar esources
grian M

Watch out for the pyrite snake! Arranged from large to small, 30 sharp pyrite cubes The cubic fluorite on the left can be described as blocky, while the purple dodecahedral fluorites on the right are
from Logrofo, Spain, can be found in the European display. Photo by Kelsey McNamara  considered equant. Both of these specimens are from China. Gifts of Martin Zinn Ill and Rukin Jelks, respectively.
Photos by Kelsey McNamara
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Crystals with a prismatic habit are elongate with opposite faces parallel to one another.
Beryl, tourmaline, fluorapatite, and quartz are all good examples of minerals that Elongate and flattened crystals in a particular direction exhibit a
exhibit this type of habit. bladed habit. Kyanite, stibnite, and scolecite usually fit this category.

Beryl var. Aquamarine

BeaAlSisO1e

Beautiful prismatic beryl (variety aquamarine) crystals from the A prismatic elbaite (tourmaline)

Shigar Valley, Pakistan. Photo by Kelsey McNamara crystal of stunning quality and color
from Paprok, Nuristan, Afghanistan.
Gift of Joan Massagué. Photo by

Kelsey McNamara
Brilliant blue clusters of bladed A very colorful cluster of bladed rhodonite
kyanite (say that five times from the San Martin mine, Ancash, Peru. Gift of
fast) from Minas Gerais, Brazil. Joan Massagué. Photo by Kelsey McNamara
An acicular habit is defined by needle-shaped crystals. Brochantite, natrolite, and Photo by Kelsey McNamara

many others show this unique morphology!

lineral Resources
A filiform or capillary habit describes crystals that appear hairlike or threadlike.
Millerite, jamesonite, and serpentine group minerals typically show this habit.

v % B o

What my hair looks like when | wake up in Clusters of acicular aurichalcites in radiating A wonderful example of filiform millerite ~ Metallic gray jamesonite crystals from the Noche
the morning! Mesolite commonly occurs in aggregates from the Waldo-Graphic mine, Socorro crystals in quartz from the Victoria mine, Buena mine, Zacatecas, Mexico. These crystals are
an acicular habit. This piece is from Douglas  County, New Mexico. Gift of Savannah Bradley. North Rhine-Westphalia, Germany. very small, so a zoom photo is necessary! Photo by
County, Oregon. Photo by Kelsey McNamara  Photo by Kelsey McNamara Gift of Joan Massagué. Photo by Kelsey McNamara

Kelsey McNamara
NEW MEXICO BUREAU OF GEOLOGY AND MINERAL RESOURCES LITE GEOLOGY SPRING 2026



A druzy habit is defined as having a surface covered with fine crystals. Quartz is definitely the most
common mineral to exhibit a druzy habit, but others, like calcite, do as well.

One of the museum’s most iconic sparkly pieces! A beautiful piece composed of malachite (green), chrysocolla
Pyrolusite covered with chalcedony and druzy quartz (blue), and quartz (sparkly tiny crystals overlying the

from the Cliff Roy mine, Grant County, New Mexico. chrysocolla) from the Bagdad mine, Yavapai County, Arizona.
Photo courtesy of Jeff Scovil Gift of Rodney Woodcock. Photo by Kelsey McNamara

Crystals with a divergent or radiating habit grow outward from a common point.
Minerals such as wavellite, hemimorphite, and adamite also display these “spray”
or “starburst” habits.

Radiating crystals of hemimorphite from the Pyrite “suns” from Randolph County, lllinois, are
Stephenson-Bennett mine, Dofla Ana County, famous for this classic radiating crystal habit.
New Mexico. Gift of Rex Nelson. Photo by Note the large difference from the blocky
Kelsey McNamara or equant habit of pyrite shown on p. 2.

Gift of Don Moore. Photo by Kelsey McNamara

NEW MEXICO BUREAU OF GEOLOGY AND MINERAL RESOURCES

A botryoidal habit describes crystals that occur in numerous
rounded forms. The name is derived from the ancient Greek
bétrus, meaning “a cluster of grapes.” Many minerals exhibit
this habit, including chrysocolla, malachite, hematite, and
quartz (chalcedony).

Two smithsonite specimens with a botryoidal habit in the foreground and
a more irregular botryoidal to globular romaneéchite (a manganese oxide) in
the background. All of these specimens are from the Land of Enchantment!
Gifts of the C.T. Brown Collection and Wayne and Donna Leicht. Photo by
Kelsey McNamara

A reticulated habit refers to an interconnected or net-like formation,
with slender crystals forming a lattice or trellis pattern. Cerussite and
rutile commonly show a reticulated crystal habit.

Cerussite in a reticulated or “jackstraw” habit from  Reticulated rutile crystals

the Kelly mine, Socorro County, New Mexico. arranged aesthetically on quartz

Gift of the C.T. Brown Collection. Photo by from Hiddenite, North Carolina.

Kelsey McNamara Gift of Bill Marble. Photo by
Kelsey McNamara
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Crystals that resemble tree-like branching patterns are described as having A columnar habit describes (you guessed it!) crystals with a column-like appearance.
a dendritic or arborescent habit. Many manganese oxides exhibit this .
habit, as do native metals such as copper, silver, and gold.

L —

tineral Resources

Dendritic (and definitely colorful) mottramite Copper is commonly described as These stacked, parallel orthoclase  This calcite crystal rises like a column out of a bed of intergrown
from Tsumeb, Oshikoto region, Namibia. It very dendritic or arborescent, and this (variety adularia) crystals show a quartz (variety amethyst), from Irai, Rio Grande do Sul, Brazil.
much resembles moss! Gift of Patricia Anne Insley. one is no exception! This is one very column-like appearance. This  Gift of Martin Zinn lll. Photo by Kelsey McNamara
Photo by Kelsey McNamara of many Chino mine coppers the piece, nicknamed the “Stairway

museum has on display that show to Heaven,” is from Gerental,

this type of habit. Gift of Joan Switzerland. Gift of Nancy Attaway.

Massagué. Photo by Kelsey McNamara Photo by Kelsey McNamara

Globular, spherical, and/or colloform habits describe rounded spheres made up of
radiating crystals. Malachite, wavellite, and goethite all show this type of habit. A micaceous habit describes crystals that split easily into thin, flat

sheets. As you probably have already guessed, this habit was named
after the mica group of minerals!

»

i |a

Cute little spherical malachites with azurite rosettes A fractured globular wavellite showing radiating Front and side views of a large muscovite and albite specimen from Minas Gerais,
from the Tyrone mine, Grant County, New Mexico. crystals in the interior from Garland County, Arkansas. Brazil. Notice that both minerals look sheet-like, but the mica is more easily split into
Gift of Gene Wright. Photo by Kelsey McNamara Gift of Savannah Bradley. Photo by Kelsey McNamara thin, flexible sheets. Gift of Roger C. and Terri Maynard. Photo by Kelsey McNamara
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A stalactitic habit gives a tapering cylindrical structure, like an icicle hanging from a
gutter. You probably guessed that calcite commonly occurs as stalactites (especially in cave
environments), but other minerals like smithsonite, quartz, and malachite also occasionally
display a stalactitic habit.

New Whevicy huu-uamlm,-a Mineral |
Quartz yar, Agate ps. ¢

Si0;

An extraordinary calcite stalactite from This piece from Tampa Bay, Florida, is just plain cool. It’s
Wenshan, Hunan, China. Calcite from this a fossil coral that was replaced by microcrystalline quartz
locality commonly occurs in stalactitic habits, (agate). The interior was dissolved, and quartz stalactites
with flower-like calcite growths at the terminus.  precipitated in the cavities. Gift of Dr. Dennis and Loretta
Gift of Rukin Jelks. Photo by Kelsey McNamara Worthington. Photo by Kelsey McNamara

A foliated habit shows overlapping

leaf- or flake-like crystals with a wavy
appearance. Any mica group mineral (e.g.,
muscovite, biotite) may show a foliated
habit. Sometimes hematite (variety
specularite) also displays this habit.

Fuchsite (a chromium-rich variety of muscovite)
with a foliated habit from Bahia, Brazil. Gift of
Martin Zinn Ill. Photo by Kelsey McNamara

NEW MEXICO BUREAU OF GEOLOGY AND MINERAL RESOURCES

Long, thin crystals that resemble fibers have a fibrous habit.

Actinolite, tremolite, and serpentine group minerals (like chrysotile)
usually show this habit.

The classic asbestos minerals often
exhibit a fibrous habit, such as this
chrysotile from the Sherrer quarry,
Pennsylvania. Gift of Allen and Doris
Heyl. Photo by Kelsey McNamara

A lamellar habit is similar to
micaceous and foliated habits,
but it includes platy, flattened
grains thicker than flakes

or leaves. Molybdenite and
gypsum commonly form this
type of habit.

A nice lamellar molybdenite from
Australia. Note the thick silvery
sheets that you just want to peel off.
(Good thing this specimen is behind
glass!) Photo by Kelsey McNamara

This photo shows two minerals with

two different habits. The large, prismatic
epidote crystal at the top is surrounded
by many small, fibrous actinolites near the
base (look closely). This specimen is from
Gilgit-Baltistan, Pakistan. Gift of Joan
Massagué. Photo by Kelsey McNamara

Molybdenite
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A compact habit describes no visible crystal Minerals that display layers or bands of different colors, grain sizes, or textures have a banded habit.
structure, usually a solid mass with no Quartz (variety agate) commonly shows banding, along with other minerals, including hematite (in banded iron
discernible characteristics. formations), calcite, and rhodochrosite.

Turquoise almost never forms crystals. It typically
occurs as veins or nodular compact masses, just like
this one from the Orogrande mining district, Otero
County, New Mexico. Gift of Eddie DelLuca. Photo by

Kelsey McNamara

New Menico Bure

wu of Creology & Mineral Resouree
Lepidolite
KLizAISLO,oF;
Harding Mine, Picuris District
Taos County, New Mexico

ROUGH-GIFT OF
CABOCHONS GIF T

Mineral Museum No |

A banded iron formation (BIF) consisting of layers of
gray to black hematite with chert (red in color due to

Lepidolite from Taos County, New Mexico, is commonly inclusions of hematite) from Iron County, Wisconsin.
compact and massive, with no visible crystals. This BIFs are some of the oldest rocks on Earth and record
material is famous as a lapidary material because the early oxygenation events in oceanic settings. This
color is pleasing and it is easy to cut and polish. Gifts of particular specimen is known as the “slab of bacon.”
Jack Adams and Jesse Kline. Photo by Kelsey McNamara Gift of George Witters. Photo by Kelsey McNamara

NEW MEXICO BUREAU OF GEOLOGY AND MINERAL RESOURCES

Banded layers of anhydrite from the Permian Castile Formation, Eddy County,
New Mexico. Anhydrite in this formation occurs in varve sequences, which
represent annual layers of sedimentation. Darker layers are composed of silt and
organic matter, representing a season of higher relative humidity. Lighter layers
represent lower relative humidity, higher evaporation, and higher salinity, which
favor the precipitation of anhydrite. Varve sequences are usually deposited flat,
but they can often be deformed into wavy features after deposition, as in this
specimen. Gift of Starr Lamphere. Photo by Kelsey McNamara
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Cutting-Edge Instrumentation
for Mineral Analysis at the

New Mexico Bureau of Geology
and Mineral Resources

Nels Iverson and John Rakovan

The International Mineralogical Association (IMA) defines a

mineral as “an element or a chemical compound that is normally
crystalline and that has formed as a result of geological processes.”
The two fundamental and defining characteristics of every mineral
are its chemistry (the elements that compose it and their relative
proportions) and its crystal structure (atomic arrangement). The

New Mexico Bureau of Geology and Mineral Resources (NMBGMR)
has new, cutting-edge instrumentation for determining the chemistry
and structure of minerals.

Electron Probe Microanalysis (EPMA)

The NMBGMR is home to a brand-new electron microprobe. The
recently installed JEOL iHP20OF (Fig. 1) is a high-powered microscope
that uses electrons to examine solid samples.

Because electrons have wavelengths thousands of times shorter
than visible light, their use in imaging gives much higher resolution,
allowing scientists to image and view samples 100,000 times smaller
than those our eyes can see (Fig. 2).

First, let's define some terms. A micrometer, also known as a
micron (symbol: um), is equal to one millionth of a meter. A typical
bacterium is 1-10 micrometers in length. A nanometer is equal to
one billionth of a meter. Most virus particles are between 20 and
300 nanometers in size.

Figure 2. Different types of microscopes are needed to see objects of different sizes.

A light microscope can be used to see things down to the size of bacteria, but an electron
microscope is needed to see things as small as an atom. Image by Nels Iverson (created with
BioRender.com and lab photos)

NEW MEXICO BUREAU OF GEOLOGY AND MINERAL RESOURCES

Figure 1. Microprobe lab manager Dr. Nels Iverson running samples on the new JEOL iHP200F.
Photo by Cynthia Connolly

Microscope Resolving Power

10m m 0.1m 1cm 1T mm 100 pm 10 ym 1Tpm 100 nm 10 nm 1nm 0.1 nm

Light microscope -

Electron microscope
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heart hair width blood cell molecule
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Figure 3. Images of a human hair. (A) Hair imaged with a light microscope at 20x magnification.
(B) An SE image of the same hair imaged by the new JEOL iHP200F microprobe.
Images by Nels Iverson

For example, the average human hair is about 100 micrometers in diameter,
or 1/10 of a millimeter. With the naked eye, all you can see is a tiny, thin
line, but not much else. With a light microscope, you start to see the cracks
or individual clumps of cells on the surface. However, visible light can only
be focused to a single plane, and under a light microscope, you can only see
part of the hair's surface, leaving the rest blurry (Fig. 3A). The problem with
resolving anything smaller is that visible light, which has wavelengths of
380-750 nanometers, only allows us to see down to tens of micrometers.
The wavelength of light is too long to resolve any detail beyond 100 times
magnification. However, put that same hair under an electron microscope,
and you can see it with far greater detail (Fig. 3B). Now the hair starts to
look like scales on a fish. Some hairs are thinner, like the hair in Figure 3
(about 40 microns across), and others are coarser (about 200 microns).

The smallest resolvable piece of dust on this hair is approximately

200 nanometers, about the same size as a single influenza (flu) virus.

Now that we understand scale, we can move on to the other amazing
things electron microscopes can do. Electron microscopes have many
detectors that can be utilized to observe and characterize samples. On

our new instrument, these include a secondary electron (SE) detector, a
backscatter electron (BSE) detector, X-ray detectors, an energy-dispersive
spectrometer (EDS), a wavelength-dispersive spectrometer (WDS), and a
cathodoluminescence (CL) detector. The SE generated from the surface

of geologic samples can be used to understand a range of morphological
characteristics, including mineral habit. We can see that the same habits
observed at the large scale (tens of millimeters) can also be observed at the
fine scale. Figure 4 shows an example of the bladed habit of hemimorphite
(Zn,Si,0,(OH), - H,0) and kyanite (Al,SiOs). The beautiful blue aurichalcite
((Zn, Cu)s (CO3), (OH)) in Figure 4A was difficult to image due to its

long, acicular (needle-like) crystal. Still, you can see the needles in the
background and darting from the sides in Figure 4C.

Figure 4. Images of the micro minerals aurichalcite (A and C; from Kelly mine, New Mexico)
and hemimorphite and kyanite (B and D; from Graves Mountain, Georgia). Top images are
photographs of the whole sample; bottom images are SE images. Photos and images by
Nels Iverson

100 microns 100 microns
- D . u
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Electron microscopes are not just good at imaging small
things; BSE images are used to understand the different
mineral phases that make up the samples. BSE images are
grayscale images, and the intensity (brightness), or lack
thereof, is due to the number of electrons within each
element. The background in Figure 5A is made of carbon,
which has only six electrons and is very dark, so it does
not produce much electron interaction. In contrast, the
phase marked with a yellow cross is cassiterite (SnO,). Tin
(Sn) has 50 electrons—a lot to interact with. The brightest
phase in the image, where the green cross is located, is
wolframite ((Fe,Mn)WQ,), a mineral composed mainly of
tungsten (W), which has 74 electrons, making it the best
electron scatterer in the image.

Figure 5B, a CL image, shows the newest technique
available at the NMBGMR. Luminescence is the
spontaneous emission of visible light from the sample. In
our case, bombarding the sample’s surface with electrons
increases the mineral’s internal energy, allowing light to
be emitted. CL can be used to examine mineral growth
histories, compositional differences, or defects within the
crystal lattice. In Figure 5B, stripes across the cassiterite
sample are not visible in the BSE image. These lines

are caused by small composition changes within the
mineral—in this case, small amounts of aluminum and iron.
Not all minerals produce luminescence, and no light is
emitted by the wolframite.

The electron microprobe can also use X-rays emitted by the sample. X-rays are a form of high-energy
electromagnetic radiation that has both an energy and a wavelength. The new microprobe has different detectors
to capture the X-rays from the samples. Figure 5C shows the energy spectra from the two crosses on the sample.
The yellow cross is composed of tin and oxygen, with tiny amounts of aluminum and iron. The green cross is
mostly tungsten and oxygen, with some manganese and iron. Every mineral we know of has a defined chemical
composition, and based on the abundance of each element in the sample, we can determine which mineral is
present. The EDS detector is really good at quickly telling us which elements are in the sample. If we want to
know the precise composition of the sample or determine the trace amounts of iron and aluminum, we need to
perform WDS analysis. WDS captures the same X-rays but uses a diffraction crystal to filter out all the X-ray
wavelengths except those of a chosen element. Because the detector is focused on a single element, we can
count longer and achieve detection at the level of parts per million across most elements from boron to uranium.
WODS analysis is the primary way scientists can determine the composition of a single mineral, and it allows for
observation of any zonation or chemical changes as the mineral grows. However, some minerals have the same
composition but different defined crystalline structures, so another method is needed to truly confirm which
mineral is present. That brings us to X-ray diffraction (XRD).

NEW MEXICO BUREAU OF GEOLOGY AND MINERAL RESOURCES

Figure 5. Examples of data generated from the JEOL
iHP20OF. (A) BSE image of cassiterite grain with
wolframite. (B) CL image of the same grain at the
same scale. (C) EDS X-ray spectrum of the cassiterite
(yellow) and wolframite (green). The x-axis is X-ray
energies (keV); the y-axis is counts. Both spectra
were counted for 30 seconds. Images by Nels Iverson
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Figure 6. Dr. John Rakovan explains how the Rigaku Synergy-S single-crystal X-ray
diffractometer works. Photo by Frank Sholedice

X-Ray Diffraction

The NMBGMR has two X-ray diffractometers, which are used for fundamentally different
purposes (Figs. 6-8). Our new single-crystal X-ray diffractometer (SCXRD) is primarily used to
collect the diffraction data (a three-dimensional diffraction pattern) needed to elucidate the
atomic arrangement of a crystal. In other words, it is used for “solving” the crystal structure
of minerals (Fig. 9).

Why do we want to solve crystal structures? There are many reasons. For example, it is a
requirement for recognizing and naming new mineral species. Recently, four minerals new

to science were discovered in the Cookes Peak mining district of New Mexico. To prove this,
scientists had to determine their chemistry and crystal structures and show that they did not
match any known mineral species. Once proven, the researchers had the privilege of naming
them, and they were named for several prominent geologists from the state. These minerals
include raydemarkite, virgilluethite, and stunorthropite, named after geologists Ramon DeMark,
Virgil Lueth, and Stuart Northrop, respectively.

Interestingly, raydemarkite and virgilluethite have the same chemistry: MoO;-H,0. What makes
them different minerals is that they have different crystal structures. Such minerals, with the
same composition but different structures, are known as polymorphs. A more well-known
example of polymorphs is diamond and graphite.

Figure 7. Students analyzing diffraction data from the Rigaku Synergy-S single-
crystal X-ray diffractometer. Photo by John Rakovan

NEW MEXICO BUREAU OF GEOLOGY AND MINERAL RESOURCES

Figure 8. Kelsey McNamara, New Mexico Mineral Museum curator and X-ray diffraction lab manager, analyzing
powder X-ray diffractometer (PXRD) data. Photo by Frank Sholedice
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Another reason to solve crystal structures is to determine whether and where a substituent element fits into a
structure. For example, uranium can substitute for calcium in the mineral apatite. The results of apatite crystal
structure analysis with incorporated uranium are promising for the potential use of this mineral in environmental
contaminant remediation. They also suggest that apatite might be a good candidate for stabilizing and disposing
of nuclear waste from spent nuclear fuels and decommissioned nuclear weapons.

The second X-ray instrument, called a powder X-ray diffractometer (PXRD) because samples composed of
many small crystals are usually analyzed, is primarily used for mineral identification. The diffraction pattern
from a PXRD is like a fingerprint of a mineral, and comparison to a database of known patterns (like an FBI
fingerprint database) is used for identification. If no pattern matches a sample, then the structure solution may
show it to be a new mineral. One of the benefits of PXRD is that samples with multiple minerals in them, such
as sediment or soil samples, can be analyzed and each mineral identified. In addition, the relative intensities of
the diffraction peaks from each mineral can be used to estimate the relative proportion of each mineral in a
multi-mineral sample.

crystal

NEW MEXICO BUREAU OF GEOLOGY AND MINERAL RESOURCES

Figure 9. Schematic showing the concept behind X-ray
diffraction and crystal structure solution. From left to
right: A single beam of X-rays is used to illuminate a
single crystal. X-rays interact with atoms in the crystal
through a process known as diffraction, resulting in many
diffracted beams. The diffracted beams create spots on

a detector, which are combined to form a diffraction
pattern. Mathematical manipulation of the diffraction
data, known as a Fourier transform, results in a map of
electron density in the crystals. Most electrons are bound
to atoms, so the electron density map can be used to
identify the position of atoms and hence determine the
overall atomic arrangement.

jwiojsuel)
1alino4

electron density
contour map
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Museum Specimens

John Rakovan

In the mineral-collecting community, the term “museum specimen” is often used to describe specimens that

are large in size but also of high quality. The New Mexico Mineral Museum recently acquired two exceptional
museum specimens that will go on display later this year. The most recent is an 81-cm plate of golden calcite from
the Sweetwater mine, Reynolds County, Missouri. This specimen was a gift from Jared Freiburg of Saga Minerals
and was acquired during the 2026 Tucson Gem and Mineral Show.

The second is a large plate, 76 cm across, of fluorite, galena, and quartz from the Ice Cream Igloo Pocket,
Socorro County, New Mexico. This specimen was collected in June 2023 and acquired by the museum in
February 2024 as a partial gift from Mike Sanders, Michael Eggleton, and Bradley Culebro.

It is our hope to display these two specimens back-to-back in a new museum display case.

View these specimens and more
at the New Mexico Mineral Museum
on the New Mexico Tech campus!

Monday-Friday, 9 am to 5 pm
Saturday, 10 am to 3 pm
(closed Sundays and NMT holidays)

Calcite from the Sweetwater mine, Reynolds County, Missouri; 81 cm tall. Fluorite, galena, and quartz from the Ice Cream Igloo Pocket, Socorro County, New Mexico; 76 cm
Photo courtesy of John Rakovan across. Photo courtesy of Mark Mauthner
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Through the Hand Lens
with Dr. John Rakovan

John Rakovan in the New Mexico Mineral Museum.
Photo by Monica Rakovan

What is your educational and professional background?

| went to five undergraduate schools before graduating. | knew what | was looking for in school, but | did not
have a good sense or guidance in how to find it. | wanted to study geology with a strong focus on mineralogy.

At several of these schools (Boston University, Boston College, and the University of Rhode Island), | was just
taking classes while | worked (as a longshoreman for the fishing fleet in Galilee, Rhode Island) and searched for
greener pastures. Later | went to Michigan Tech, and my alma mater, the University of lllinois (Champaign-Urbana,
or “shampoo banana”). On my first day on the Ul campus, | was introduced to Professor Jim Kirkpatrick and
landed a job synthesizing ammonium feldspars and doing X-ray diffraction of clay minerals (I was in hog heaven),
and | realized | had found what | was looking for. At the time, there were four professors of mineralogy in the
department, and | took all the classes | could from them.

Graduate school was a no-brainer, as my motivation was simply to learn as much mineralogy as possible. | had

a particular interest in crystallography, and given my undergraduate experience with clay minerals, | decided to
study layer-silicate structures. So | started a search for people working in this area, and given the hundreds of
possibilities (actually, there were only two or three in the country at the time and even fewer today), | ended up at
the University of lllinois Chicago (UIC) working with Steve Guggenheim.

Originally, | set out to study the loss of structural water from phlogopite mica at high temperature. It turned

out that although the crystals of hydroxyl-phlogopite that | had were perfect little gems, they were very poorly
crystallized—not uncommon among layer silicates. It took over a year of X-raying (using the precession method,
with film!) more than 250 crystals before | found an adequate sample for the study. Then, while mounting this
precious 200-micron crystal, it springboarded off the glass fiber onto a floor where hundreds of other fragments
of dirt and crystals resided. After a week of searching for that crystal, my new master’s thesis topic, involving
powder X-ray diffraction, was chosen.

From UIC, | went to the State University of New York at Stony Brook to work on a PhD. Again, | started with
crystallography, this time working on zeolite structures. However, after a required research project with a
professor other than one’s advisor, | found an alternative and fascinating project, with Rich Reeder. It involved
crystal growth, trace element incorporation, and crystal surface studies, and | changed my research project, once
again, to this new area of surface mineralogy. After finishing my PhD and looking to continue in mineralogy, |
applied for faculty positions, postdoctoral positions (including one at Sandia National Labs), and industry jobs.
I landed all of these, but the most interesting to me was a postdoc with Mike Hochella at Virginia Tech (VPI).
In that position, | continued work in crystal growth and mineral surface geochemistry. Only three months into
the postdoc position, | was offered a tenure-track faculty position at Miami University. | finished one year at
VPI and then moved to Oxford, Ohio, where | was a professor in geology for 25 years before coming to the
NMBGMR in September 2022.
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What inspired you to become a geoscientist?

Like many, | have been interested in rocks and minerals since | was a
child. In the fifth grade, | met Sal Avella, a mineral collector and dealer
(Apple Valley Minerals) from Smithfield, Rhode Island, and | became
more serious about mineral collecting. By the time | reached high
school, | couldn’t wait to take a chemistry class. So it was mineral
collecting that got me into the science. From that point on, decision-
making in my education and career was guided by the desire to learn
more about minerals.

What are you most proud of professionally?

| never set out to be a professor, but that was the best option for
continuing to learn about minerals and to share my love of them. | am
most proud of the students | have been able to work with and inspire
through my passion for mineralogy. Also, | would not call it a sense of
pride but rather a sense of great fortune that | have been able to see
(and follow in my research) the connection between simple questions—
common to someone who is fascinated by minerals, such as what
causes the color or shape of a crystal—and fundable research areas like
environmental and materials mineralogy.

What advice do you have for kids considering a
career in the earth sciences?

Get to know people in the field and seek their advice. A career in any
science, including earth science, requires a college education. There are
jobs available at every educational level (BS, MS, PhD), but most people
will do well to pursue some level of graduate education. An MS is the
terminal degree for many industry jobs, but if teaching and research
ultimately become your goals, then a doctorate is likely to be the path
that you choose. All of that can seem overwhelming, and | advise that
you don'’t necessarily set these as your initial goals. Take each step
separately. Do your best job and enjoy what you are learning. Then,
when you are close to finishing a degree, consider what your next steps
will be and decide then if graduate education is for you. This is the

path | took. Also, open every door that you may have an interest in.

For example, apply to at least several different schools (we are blessed
in the United States to have so many good schools). When you are in
school, look for opportunities to do research and hands-on learning.

Be proactive and reach out to people.

John Rakovan in the Galena King mine, Albuquerque. Photo courtesy of Matt Thompson
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New Mexico
Bureau of Geology
and Mineral Resources

Museum and bookstore hours, excluding New Mexico Tech holidays:

Monday through Friday, 9 am to 5 pm
Saturday, 10 am to 3 pm
Sunday, closed

Photo by Frank Sholedice

Mineralogist/Senior
Mineral Museum Curator:
Dr. John Rakovan

(575) 835-ROCK (7625)
john.rakovan@nmt.edu

Mineral Museum

Our world-class mineral collection contains
over 20,000 specimens from New Mexico,
the United States, and around the world.
About 4,000 specimens are on display at

a time. Exhibits include not only minerals

Bookstore

Our bookstore offers a wide variety of popular and educational geology
publications, topographic maps for the entire state of New Mexico, and an
assortment of field guides. We also carry a selection of great gifts like jewelry,
children’s science kits, puzzles, clothing, field notebooks, and more. Kids can

check out the play space stocked with plushies of New Mexico animals. Visit us in Museum Curator:

the Bureau of Geology building on the corner of Bullock Avenue and Leroy Place
in Socorro, or shop online at geoinfo.nmt.edu/publications/featured/home.cfml.

B/

Photo by Frank Sholedice
NEW MEXICO BUREAU OF GEOLOGY AND MINERAL RESOURCES

but also mining artifacts, gemstones
and lapidary art, fossils, and meteorites.
We also offer educational programs like
tours, demonstrations, and scavenger

hunts for school groups and other visitors.
Visit us in the Bureau of Geology building

on the corner of Bullock Avenue and
Leroy Place in Socorro, or online at
geoinfo.nmt.edu/museum/home.cfml.

Publication Sales Office

Kelsey McNamara
(575) 835-5418
kelsey.mcnamara@nmt.edu

Communications and
Marketing Specialist:
Cynthia Connolly

To schedule a museum tour,
contact Cynthia:

(575) 835-5264
cynthia.connolly@nmt.edu

Our publications sales office has a wide selection of resources for teachers.
Many of our publications, including those about New Mexico’s geology, are
written for amateur geologists and the general public.

Teachers receive a 20% discount on publications by the Bureau of
Geology and Mineral Resources and the New Mexico Geological Society.
For phone orders, please call (575) 835-5490. For more information,

visit our website at geoinfo.nmt.edu/publications.
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Attention Teachers!

The New Mexico Bureau of Geology and Mineral Resources offers many resources for teachers:
¢ Download free back issues of Lite Geology

Subscribe to receive an email notice when a new issue of Lite Geology becomes available
e Download our prepared geoscience exercises

e Visit our earthquake education website "Tremor"

e Read about our Water Resources Education Program

Browse our list of web sources for geological education activities and lesson plans

Click here to access our teacher resources webpage.
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New Mexico Bureau of Geology and Mineral Resources
A research and service division of New Mexico Tech
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801 Leroy Place
Socorro, NM 87801
(575) 835-5490
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About the Bureau of Geology

Founded in 1927, the New Mexico Bureau of Geology and
Mineral Resources in Socorro is the New Mexico state
geological survey. We are a research and service division
of the New Mexico Institute of Mining and Technology,
serving New Mexico through a wide range of geologic

and hydrologic mapping, research, and analytical services,
as well as educational and outreach activities.

About Lite Geology

Lite Geology was started in the fall of 1992 as a publication
intended for earth science teachers in New Mexico. It is

written in a format that is less technical than most of our other
publications. Included with the main articles are cartoons,
puzzles, and other features designed to make learning fun.

We also include information about resources for teachers and
upcoming geological and scientific events. Teachers and students
may make unlimited copies of Lite Geology for educational use.
Any other use of these materials requires permission.

Click here to access back issues of Lite Geology online.

Lite Geology Credits

Managing Editor: Cynthia Connolly

Editorial Assistance: Shari Kelley, Luke Martin, and John Rakovan
Copyediting: Carrin Rich and Frank Sholedice

Layout: Lauri Logan

Publications Program Manager: Barbara J. Horowitz

Web Support: Michael Zbrozek

Editorial Board: Bonnie Frey, Kevin Hobbs, Nels Iverson, Shari Kelley, Dan Koning,
Luke Martin, Kelsey McNamara, and John Rakovan
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