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ABSTRACT

We have developed a digital reflectance spectral 1library, with
management and spectral analysis software. The library includes 498
spectra of 444 samples (some samples include a series of grain sizes)
measured from approximately 0.2 to 3.0 um. The spectral resolution
(Full Width Half Maximum) of the reflectance data is < 4 nm in the visi-
ble (0.2-0.8 um) and < 10 nm in the NIR (0.8-2.35 um). All spectra were
corrected to absolute reflectance using an NIST Halon standard. Library
management software lets users search on parameters (e.g. chemical for-
mulae, chemical analyses, purity of samples, mineral groups, etc.) as
well as spectral features.

Minerals from borate, carbonate, chloride, element, halide, hydrox-
ide, mnitrate, oxide, phosphate, sulfate, sulfide, sulfosalt, and the
silicate (cyclosilicate, inosilicate, mnesosilicate, phyllosilicate,
sorosilicate, and tectosilicate) classes are represented. X-Ray and
chemical analyses are tabulated for many of the entries, and all samples
have been evaluated for spectral purity. The library also contains end
and intermediate members for the olivine, garnet, scapolite, montmoril-
lonite, muscovite, jarosite, and alunite solid-solution series. We have
included representative spectra of H,0 ice, kerogen, ammonium-bearing
minerals, rare-earth oxides, desert Varnish coatings, kaolinite crystal-
linity series, kaolinite-smectite series, zeolite series, and an exten-
sive evaporite series. Because of the importance of vegetation to
climate-change studies we have include 17 spectra of tree leaves,
bushes, and grasses.

The library and software are available as a series of U.5.G.S. Open
File reports. PC user software is available to convert the binary data
to ascii files (a separate U.S.G.S. open file report). Additionally, a
binary data files are on line at the U.S.G.S. in Denver for anonymous
ftp to users on the Internet. The library search software enables a
user to search on documentation parameters as well as spectral features.
The analysis system includes general spectral analysis routines, plot-
ting packages, radiative transfer software for computing intimate mix-
tures, routines to derive optical constants from reflectance spectra,
tools to analyze spectral features, and the capability to access imaging
spectrometer data cubes for spectral analysis. Users may build custom-
ized 1libraries (at specific wavelengths and spectral resolution) for
their own instruments using the library software.

We are currently extending spectral coverage to 150 um. The
libraries (original and convolved) will be made available in the future
on a CD-ROM.
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INTRODUCTION

Analysis of spectroscopic data from the laboratory, from aircraft,
and from spacecraft requires a knowledge base. The spectral library
discussed here forms a knowledge base for the spectroscopy of minerals
and related materials of importance to a variety of research programs
being conducted at the U. S. Geological Survey. Much of this 1library
grew out of the need for spectra to support imaging spectroscopy studies
of the Earth and Planets.

Imaging spectrometers, such as the Airborne Visible/Infra-Red Imag-
ing Spectrometer (AVIRIS), have narrow band widths in many contiguous
spectral channels that permit accurate definition of absorption features
from a variety of materials. Identification of materials from such data
requires a knowledge base: a comprehensive spectral library of
minerals, vegetation, man-made materials, and other subjects in the
scene.

Our research involves the use of the spectral library to identify
the components in a spectrum of an unknown. Therefore, the quality of
the library must be very good. However, the quality required in a spec-
tral 1library to successfully perform an investigation depends on the
scientific questions to be answered and the type of algorithms to be

used. For example, to map a mineral using imaging spectroscopy and the
Clark et al. (1990) mapping algorithm, one simply needs a diagnostic
absorption band. Such a feature can be obtained from a spectrum of a

sample containing large amounts of contaminants, including those that
add other spectral features, as long as the shape of diagnostic feature
of interest is not modified. 1If, however, the data are needed for radi-
ative transfer models to derive mineral abundances from reflectance
spectra, then completely uncontaminated spectra are required. This
library contains spectra that span a range of quality, with purity indi-
cators to flag spectra for (or against) particular uses.

Acquiring spectral measurements and sample characterizations for
this 1library has taken about 8 years. This first release contains 498
spectra of 444 samples. Software to manage the library and provide
scientific analysis capability is also provided (Clark, 1980, 1993,
Gorelick and Clark, 1993). A personal computer (PC) reader for the
library is also available (Livo et al., 1993).

This document describes the contents of the library and presents a
paper copy of the spectra in the form of plots and written text showing
the documentation. The intent of the paper copy is as a reference docu-
ment. You can look up specific documentation, or examine and compare
plots of various spectra. It is not intended to be completely cross
referenced and easily searchable--that is what computers are for. This

paper copy is a print-out of the digital data set. However, this is a
digital spectral library; searches for spectra and information should be
carried out with the aid of a computer and not on the paper copy. The

section on availability describes the details for obtaining digital
data.
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WHAT IS AN IDEAL SPECTRAL LIBRARY?

In our view, an ideal spectral library consists of pure samples,
covering a very wide range of materials, a large wavelength range with
very high precision, and sample analysis and documentation to establish
the quality of the spectra. Budgets, time, and available equipment
limit what can be achieved.

Ideally, for minerals, the sample analysis would include X-ray dif-
fraction (XRD), electron microprobe (EM) or X-ray Fluorescence (XRF),
and petrographic microscopic analyses. For some minerals, 1like iron
oxides, additional analyses, such as Mossbauer, would be helpful. We
have found that to make the basic spectral measurements, provide XRD, EM
or XRF, microscopic analysis, document the results, and complete an
entry of one spectral library sample, takes about one person-week.
Additional spectra of the same sample (e.g. a grain size series)
increases the time, but usually not an additional week per spectrum, but
more like 0.5 day per spectrum (mostly sample preparation). We had
hoped as our experience increased this time would decrease, but it did
not.

Thus an ideal spectral library with 498 spectra of 444 samples
would take on the order of 444 person-weeks, or about 8.9 person-years.
Our budgets and time commitment have not allowed this level of effort,
so this release of the library does not have all samples completely
characterized. We estimate, however, that this release represents about
7.5 person-years of effort. The characterization of samples will con-
tinue as our budgets allow, and results will be added in future releases
of the database. Latest updates on the characterization (e.g. new XRD
analyses and spectral purity revisions) will be kept online for
anonymous ftp on the Internet.

The ideal spectral coverage depends on the desired research. This
release covers the range 0.2 to 3.0 um. Future releases will include
coverage to 150 um for many of the samples listed here.
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THE SPECTRAL LIBRARY

The spectral library contains spectra of 423 minerals, 17 plants
and some miscellaneous materials (Table 1, 2, and 3). In some cases,
several spectra were measured to span a solid solution series and/or a
grain size series. We tried to include spectra of all mineral classes,
particularly those important to imaging spectroscopy remote sensing. In
other cases, we have studied particular solid solution series because we
are mapping them in the field with imaging spectroscopy or studying that
mineral in detail. This explains, for example, why there are so many
alunite, olivine, and topaz samples in the database. Future releases of
the database will 1likely include additional spectra of solid solution
series.

All spectra were run on a modified Beckman 5270 spectrometer (Clark
et al., 1990b) from 0.2 to 3.0 pm and corrected to absolute reflectance.
They were run with a signal-to-noise of at 1least 500 at a reference
reflectance level of 1.0. A few minerals were also run over a slightly
smaller wavelength range because of sample size limitations. For exam-
ple, small sample quantities, necessary for purity, were measured using
apertures in the beam to restrict the spot size of the spectrometer.
This reduced 1light made integration times longer and the achievable
range was sometimes reduced, typically to 0.3 to 2.7 pm. This also, in
some cases, limited the signal to noise that was achievable. It is not
possible with the current instrumentation to substantially improve the
spectral data on small volume samples. The ice sample, measured at 77K,
only includes the infrared range, 0.8 to 3.0 um.

Sample Documentation

Each sample has a text entry describing the mineral, its
composition, its formula, sample description, and pointers to
corresponding spectra in the digital data file. The text entry is coded
by keywords for computer program searching. Each spectrum has a pointer
to the documentation, so that all related data are properly cross-
referenced and can be found by a computer program as well as manually.

The sample documentation is organized by keyword so that it is com-
puter readable. The program spsearch (Gorelick and Clark, 1993) may be
used to search entries in the database. With this software, it is pos-
sible to do searches such as: show me all the entries whose sample for-
mulae have OH (hydroxyl), whose compositions contain from 20 to 30%
SiOz, and have a 2.2-pum band in their spectra.

The sample documentation includes extensive analyses such as X-ray
diffraction, electron microprobe or XRF, X-ray fluorescence, and petro-
graphic microscope examination. Not all analyses have been completed
for all samples, but most samples have at least one analysis.
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Sample Naming

The mineral name for each sample occurs in 3 places: 1) the specpr
title field for the spectrum, 2) the specpr title field for the
description entry, and 3) after the "MINERAL:" keyword in the
description. We have tried to use only proper mineral names as given in
Fleischer 1980, and Klein and Hurlbut, 1985. Some users of the library
may be unfamiliar with all the mineral names. For example, if you want
to find all scapolites, you would have to know that Dipyre was a
scapolite if you only looked at the specpr title fields. Because of the
40 character limit in a specpr title field, we could not include all
common mnames there. However, use the "MINERAL:" Lkeyword in the
description for each sample. Here you could search for scapolite and
you would find all entries in the "scapolite group" (Dipyre, Marialite,
Meionite, and Mizzonite).

We have used specific mineral names except in a few cases where we
still do not have sufficient data. For example, technically, there is
no "hornblende," only ferro-hornblende and magnesio-hornblende. We have
two samples where we can’t make the distinction, so they are labeled

hornblende.
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The Digital Data File

The digital spectral library data are all included in one file in
"specpr" format (see Clark, 1993). This file, splib04a, has been
assembled and managed using specpr and is 8.2 megabytes in size (3.9
megabytes when compressed with the Unix compress command). The data are
in IEEE binary floating point format. The entire library is assembled,
plotted and printed by command files consisting of 1300 Unix shell
commands, which in turn generate an additional 100 Unix shell commands
which generate about 44,000 specpr commands plus about 6000 specpr
commands for each instrument convolved library.

Specpr runs on Unix workstations. If the binary file is read on an
IBM-PC compatible machine, the floating point numbers need their bytes
swapped (this is done in the Livo et al., 1993 program). An ascii
version is 15.8 megabytes uncompressed, or about 5.4 megabytes when
compressed with the unix compress command.

The organization of the binary data file, in the form of a specpr
listing, is shown in Table 4. The listing shows the record number,
title, length of the data set (number of channels for spectra; number of
bytes for text), and the time and date of data acquisition. Record 6
contains the wavelength set for the spectra, and record 8 contains the
the spectral resolution data set. The resolution is shown in Figure 1.
Entries with the keyword "DESCRIPT" are sample description records, and
contain all the sample documentation. After the DESCRIPT are (usually)
two empty records (title ..) for future expansion of the description.
Next comes the reflectance data, with the keyword "ABS REF." The
identifier "W1R1Bx," which signifies the wavelength range, resolution,
spectrometer, and spectral purity which is described below (the "x" is a
lower case spectral purity letter code). This release of the spectral
library has only one spectral region (Wl), resolution (Rl) and
spectrometer (B). After the reflectance record 1is the "errors to
previous data" record. These are the standard deviation of the mean for
each reflectance value. The next record in the listing contains the
feature analysis for the spectrum. This feature analysis was done using
the specpr f45 special function and is described in Clark et al.
(1987), Clark (1993).

In the spectral library, any value of -1.23x1034 is considered a
deleted point. Because of the inherent floating point inaccuracies of
single prec%zion numbers on 3Xarious computers, values in the range
-1.23001x10 to -1.22999x10” " should be considered deleted points.
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Library Entries

Minerals:

HFNRRENNRRRERRRBROEWHERNDNRERRRRERNNRERERERRPHODHEFWONHEORRRRRREBRRBRBOO R W R U

Acmite
Actinolite
Adularia
Albite
Allanite
Almandine
Alunite
Ammonioalunite
Ammoniojarosite

Ammonium Chloride
Ammonium Illite/Smectite
Ammonium_Smectite

Amphibole
Analcime
Andalusite
Andesine
Andradite
Anhydrite
Annite
Anorthite
Anthophyllite
Antigorite
Arsenopyrite
Augite
Axinite
Azurite
Barite
Bassanite
Beryl
Biotite
Bloedite
Bronzite
Brookite
Brucite
Buddingtonite
Butlerite
Bytownite
Calcite
Carbon
Carnallite
Carphosiderite
Cassiterite
Celestite
Celsian
Chabazite
Chalcedony
Chalcopyrite
Chert
Chlorapatite
Chlorite
Chromite

HEREERHEREURRMMODUORNHEERHENFEHEENDENONFURNUOERFRRN RO N H R N RN R

Elbaite
Endellite
Enstatite
Epidote
Epsomite
Erionite
Eugsterite
Europium
Fassaite
Ferrihydrite
Ferro-Hornblende
Ferroan Clinochlore
Fluorapatite
Galena
Gaylussite
Gibbsite
Glauconite
Glaucophane
Goethite
Grossular
Gypsum

Halite
Halloysite
Hectorite
Hedenbergite
Hematite
Heulandite
Holmquistite
Hornblende
Howlite
Hydrogrossular
Hydroxylapatite
Hypersthene
Ice (water)
Illite
Ilmenite
Jadeite
Jarosite
Kainite
Kaolinite
Kaolinite/Smectite
Labradorite
Laumontite
Lazurite
Lepidocrosite
Lepidolite
Limonite
Lizardite
Maghemite
Magnesio-Hornblende
Magnesite

HPRREHEENMRPRPUORRRRMEMHRONERERERROERNDERPRRDNNORONO SN U R R R S e e b D N WD NN

Oligoclase
Olivine

Opal
Orthoclase
Palygorskite
Paragonite
Pectolite
Phlogopite
Pigeonite
Pinnoite
Pitch
Plumbojarosite
Polyhalite
Praseodymium
Prochlorite
Psilomelane
Pyrite
Pyrope
Pyrophyllite
Pyrrhotite
Quartz
Rectorite
Rhodochrosite
Rhodonite
Richterite
Riebeckite
Rivadavite
Roscoelite
Rutile
Samarium
Sanidine
Saponite
Sauconite
Scolecite
Sepiolite
Serpentine
Siderite
Siderophyllite
Sillimanite
Smaragdite
Sodium
Spessartine
Sphalerite
Spodumene
Staurolite
Stilbite
Strontianite
Sulfur
Syngenite
Talc
Teepleite
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1 Chrysocolla 2 Magnetite 1 Tephroite
1 Chrysotile 1 Malachite 2 Thenardite
1 Cinnabar 1 Manganite 1 Thuringite
2 Clinochlore 1 Margarite 1 Tincalconite
2 Clinoptilolite 1 Marialite 1 Titanite
1 Clinozoisite 1 Mascagnite 18 Topaz
1 Clintonite 2 Meionite 1 Tourmaline
1 Cobaltite 1 Mesolite 2 Tremolite
1 Colemanite 1 Mg-Clinochlore 1 Trona
1 Cookeite 7 Microcline 2 Ulexite
1 Copiapite 1 Mirabilite 1 Uralite
1 Coquimbite 4 Mizzonite 1 Uvarovite
1 Cordierite 1 Monazite 3 Vermiculite
1 Corrensite 1 Monticellite 1 Vesuvianite
1 Corundum 9 Montmorillonite 1 Witherite
1 Covellite 1 Mordenite 1 Wollastonite
1 Cronstedtite 1 Mordenite+Clinoptilolite 1 Zincite
1 Cummingtonite 3 Muscovite 1 Zircon
1 Cuprite 1 Nacrite 1 Zoisite
2 Datolite 3 Natrolite
1 Diaspore 1 Neodymium
2 Dickite 1 Nepheline Other:
3 Diopside 1 Nephrite 3 Desert Varnish
1 Dipyre 1 Niter 1 Kerogen
2 Dolomite 3 Nontronite 17 Plants
1 Dumortierite
Table 2
Minerals in the Spectral Library by Group
16 Alunite group 22 Garnet group
21 Amphibole group 8 Hematite group
3 Apatite group 23 Kaolinite-Serpentine group
2 Aragonite group 30 Mica group
1 Arsenopyrite group 17 Montmorillonite group
1 Axinite group 1 Nepheline group
2 Barite group 13 Olivine group
5 Calcite group 5 Pyrite group
2 Chalcopyrite group 16 Pyroxene group
9 Chlorite group 2 Rutile group
1 Cobaltite group 8 Scapolite group
1 Copiapite group 1 Sodalite group
2 Dolomite group 3 Spinel group
4 Epidote group 2 Tourmaline group
28 Feldspar group 16 Zeolite group
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Table 3

Spectral Library Entries by Type

Minerals: Other:

1 Borate 3 Desert Varnish
21 Carbonate 1 Organic (Kerogen)
1 Chloride

7 Cyclosilicate

2 Element

4 Halide

13 Hydroxide 17 Plants:
45 TInosilicate @ 0 s me e eeeeeeeeeaas
63 Nesosilicate 3 Grass

1 Nitrate 6 Shrub

24 Oxide 8 Tree

4  Phosphate
108 Phyllosilicate
5 Sorosilicate
33 Sulfate
23 Sulfide
2 Sulfosalt
64 Tectosilicate
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Table 4

Sample Specpr Listing of the beginning of splibO4a

Record Title

1 USGS Digital Spectral Library: splibO4a
2 FERFAARFFFAAFRAFRRARRR R AR FAARRRRR ARk
KR  E T R R AL Rk R e R R S S SRS
4 ks s e s oo
5 ..
6 USGS Denver Beckman STD wavelengths 1x
8 USGS Denver Beckman STD resolution 1x

10 -ccmemmmmee e
11 Acmite NMNH133746 Pyroxene DESCRIPT

14 ..

15 ..

16 Acmite NMNH133746 W1R1Ba ABS REF
18 errors to previous data

20 Acmite NMNH133746 W1R1Ba FEATANL

A e L L T PP
23 Actinolite HS116 DESCRIPT

26

27 ..

28 Actinolite HS116.3B W1R1Bb ABS REF
30 errors to previous data

32 Actinolite HS116.3B W1R1Bb FEATANL

K e e e T T PP

35 Actinolite HS22 DESCRIPT

38

39 ..

40 Actinolite HS22.3B W1R1Bb ABS REF

42 errors to previous data

44 Actinolite HS22.3B W1R1Bb FEATANL

L R

47 Actinolite HS315 DESCRIPT

49 .

50 ..

51 Actinolite HS315.4B W1R1Bb ABS REF
53 errors to previous data

55 Actinolite HS315.4B W1R1Bb FEATANL

Size
436
41
41
41
41
512
512
41
3136
41
41
480
480
324
41
3367
41
41
480
480
396
41
3130
41
41
480
480
297
41
2913
41
41
480
480
522

Note or Date

of
of
of

Characters
Characters
Characters
Characters of
Characters of
02:57:26.00
02:57:26.00
Characters of
Characters of
Characters of
Characters of
15:18:47.00
15:18:47.00
15:18:47.00
Characters of
Characters of
Characters of
Characters of
08:41:01.00
08:41:01.00
08:41:01.00
Characters of
Characters of
Characters of
Characters of
12:06:59.00
12:06:59.00
12:06:59.00
Characters of
Characters of
Characters of
Characters of
11:47:02.00
11:47:02.00
11:47:02.00

TEXT
TEXT
TEXT
TEXT
TEXT
10/15/1985
10/15/1985
TEXT
TEXT
TEXT
TEXT
03/23/1988
03/23/1988
03/23/1988
TEXT
TEXT
TEXT
TEXT
07/11/1991
07/11/1991
07/11/1991
TEXT
TEXT
TEXT
TEXT
03/16,/1987
03/16,/1987
03/16,/1987
TEXT
TEXT
TEXT
TEXT
10/31/1986
10/31/1986
10/31/1986

Size is the number of data channels for spectra and FEATANL results
and number of bytes for text records.
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Table 5

Specpr Format Digital Spectral Library Versions

splib0O4a
splib04b
splibO4c
splib04d

splibOde
splib04f

splibO4g
splibO4h

splib04i
splib04j

splib04k
splibO4m

splib0O4n

master spectral library (Beckman range and resolution)

interpolated splibO4a spectra to 950 channels

for use in convolutions.

AVIRIS
AVIRIS

AVIRIS
AVIRIS

AVIRIS
AVIRIS

AVIRIS
AVIRIS

™

Galileo NIMS

1990
1990

1991
1991

1992
1992

1993
1993

convolution
convolution

convolution
convolution

convolution
convolution

convolution
convolution

Cassini VIMS proposed

224
208

224
208

224
197

224
197

channels.

channels

channels.
channels.

channels.
channels.

channels.
channels.

(e.g. Cuprite)

note:

the letter 1

was skipped in the designation splib04 to avoid confusion
with the number 1.
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SPECTRAL PURITY

Each spectrum has a purity code in its header. 1In this version of
the spectral library, the code is:

WIR1Bx

The "W" stands for wavelength region followed by the region measured.
All spectra in this wversion cover the nominal range of 0.2 to 3.0 um
which is region 1. The digital data for the wavelength set are 1located
in splib04a, record 6.

The "R" stands for resolution, followed by the resolution index.
All spectra in this version of the library were measured using resolu-
tion set 1 in wavelength region 1. Figure 1 shows the resolution func-
tion, and the digital data for the resolution are located in splibO4a,
record 8.

The next letter signifies the instrument used. All spectra in this
version of the library were measured on the USGS, Denver Spectroscopy
Laboratory, Beckman 5270 spectrometer, and are designated by the letter
IIBII .

Following the instrument letter is a lower case letter signifying
the spectral purity of the spectrum for this wavelength range and reso-
lution (the "x" in the above example is one of the following letters).

a: The spectrum and sample are pure based on significant
supporting data available to the authors. The sample
purity from other methods (e.g. XRD, microscopic exami-
nation) indicates essentially no other contaminants.

b: The spectrum appears spectrally pure. However, other
sample analyses indicate the presence of other minerals
that probably affect the absolute reflectance level to a
small degree, but do not add any spectral features. The
spectral features of the primary minerals may be
slightly 1less intense, but the feature positions and
shapes should be representative. For example, in this
wavelength region (Wl), quartz would tend to increase
the reflectance 1level and decrease absorption band
strength, but would not add any measurable features to
the spectrum. Such a sample would rate a "b." In a few
cases, where we have little support data, but the spec-
tra for that mineral are well known, we assigned the
spectral purity based on the spectra data along with a
microscopic examination of the sample. There are a few
"b" classes done this way.

c: The spectrum 1is spectrally pure except for some weak
features with depths of a few percent or less caused by
other contaminants. For example, some minerals may have
some slight alteration that is apparent. Spectroscopic
detection of alteration is easier for more transparent
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minerals. For example, some of the albite spectra show
weak 2.2-um features due to alteration. From the
knowledge of the mineral formula, you can often tell
which features do not belong to the mineral. Albite,
for instance does not have OH in the formula, so water
features (1.4, 1.9, 2.2 um) are not due to albite. How-
ever, you could argue that incipient alteration due to
weathering is common in minerals at the Earth'’'s surface.
Thus, spectral bands due to weathering are somewhat
characteristic of many samples (e.g. feldspars), even
if they are not a property of the pure mineral. Thus
these alteration spectral features might be wuseful in
some cases.

d: Significant spectral contamination. The spectrum is
included in the library only because it is the best sam-
ple of its type currently available and the primary
spectral features can still be recognized. However, the
spectrum should be used with care. The sample descrip-
tion should be consulted as a guide to what features are
a part of the actual mineral. This sample may be purged
from the database in future releases as better samples
become available.

?: There are insufficient analyses and/or knowledge of the
spectral properties of this material to evaluate its
spectral purity. In general we have included such sam-
ples because we believe their spectra to be representa-
tive. These are samples for which we are concentrating
future analyses in order to resolve the purity issue.
Updates to the spectral purity and sample documentation
will be placed online for anonymous ftp as the informa-
tion becomes available. (See the section below on avai-
lability on how to electronically access the data and
obtain further information.)

Commenting on the spectra in general, reflectance tends to decrease
in the UV and beyond about 2.7 um. Some of the spectra show minima in
the UV. We have taken careful measurements of scattered light and
believe all these features are real. Beyond 2.7 um, even anhydrous
minerals show absorption due to water adsorbed onto the surfaces of the

mineral grains. Our experience has shown that these water absorptions
are still present in dry nitrogen purged environments, although slightly
weaker. Spectra of similar samples obtained at other facilities, like

those in Hawaii or the east coast of the US. have shown wus that the
water absorptions in the spectra from relatively dry Colorado are really
quite small in comparison. Placing the sample in a dry nitrogen atmo-
sphere or a vacuum oven has little effect on the water absorption as
water from the atmosphere will readsorb onto the sample by the time it
reaches the spectrometer. Experiments by the senior author when he was
at the University of Hawaii have also shown that most of the adsorbed
water remains even under a strong vacuum at room temperatures. We
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decided in general not to heat our samples in order to avoid any tem-
perature induced alteration.

The overall spectral purity is high for this library. Seventy-one
percent of the spectra have a purity code of either a or b (36% a, and
35% b), while only 17% have ¢, and 2% have d. Ten percent are yet to be
classified.

WAVELENGTH PRECISION

The wavelength precision of our custom-modified, computer-
controlled Beckman spectrometer was checked using Holmium Oxide filters
in the visible and the positions of known mineral bands in the near

infrared. In particular, we developed pyrophyllite as a wavelength
standard because of its many narrow absorption bands (Clark et al.,
1990b). The positions of the absorption bands have been checked, using

the same pyrophyllite standard, on two FTIR spectrometers. In general,
the wavelength accuracy is on the order of 0.0005 pum (0.5 nm) in the
near-IR and 0.0002 pm (0.2 nm) in the visible, always a small fraction
of the spectral resolution.

SPECTRAL PLOTS AND DATA PRECISION

Plots of the spectra presented here are limited to one of seven
vertical scales (0.0 to 1.03, 0.8, 0.6, 0.5, 0.4, 0.3, or 0.2) and the
same horizontal range for easy comparison. The error bars are plotted
only when they are above a threshold that allows them to be
distinguished on the plot. Most error bars are too small to be
distinguished. At the bottom of each plot is the specpr title, date and
time of acquisition, file name and record number and the specpr plot
options.

Each spectrum was run with a desired signal-to-noise of at least
500 relative to unity reflectance. In practice, it would take too long
a time to obtain such a signal-to-noise in regions where the signal is
low, so an wupper 1limit to the integration time per channel was also
specified. Thus, typically at the ends of the spectra, the precision
drops slightly. Refer to the error bars for each spectrum to determine
the precision at a given wavelength for any individual spectral channel.
The error bars are located in the records labeled "errors to previous
data" and represent one standard deviation of the mean.

Each spectrum was measured relative to Halon, and then corrected to
absolute reflectance as described in Clark et al. (1990b). That paper
also describes the details of the spectrometer, and the viewing geometry
of the system.
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INSTRUMENT SPECTRAL LIBRARIES

The intent of the spectral library is to serve as a knowledge base
for spectral analysis. Comparison of spectral data is best done when
the spectral resolutions of the knowledge base and the spectra
undergoing analysis are identical. The specpr software has tools for
convolving the spectral library to the resolution and sampling interval
of any instrument. The native (laboratory) spectral library will also
be convolved to AVIRIS and TM resolution and sampling for  the
terrestrial instruments, and to NIMS and VIMS for the planetary imaging
spectrometer instruments. See Table 5 for a 1listing of instrument
spectral 1libraries. These convolved data files, as well as specpr
command files for convolving the database to your own instruments will
be made available in the anonymous ftp directory (see below).

Each instrument convolved library requires about 0.8 megabyte of
specpr-format disk space if the instrument has less than 256 channels.
The proposed VIMS has 320 channels and its spectral 1library will be
about 1.6 megabytes. The convolution to any other instrument
(laboratory, or flight) is a simple matter of changing pointers in a
command file to the custom resolution and sampling data sets and running
the specpr command file. (Specpr runs on many Unix workstations; there
is not a PC version at this time; a PC version might be difficult due to
the large volume of code, over 60,000 lines.)

The convolution routine used to create the instrument spectral
libraries 1is that in specpr. The specpr routine uses a trapezoidal
integration over each bandpass. To make this integration more accurate,
the original spectral library is resampled to 950 channels (splib0O4b)
and the convolutions done on these spectra. The convolutions appear to
be excellent, and tests with AVIRIS data have shown that very subtle
spectral differences can be distinguished, like that between the 2.2-um
doublet in kaolinite and halloysite.
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MINERAL MIXTURES

This spectral library is largely a pure material 1library (except
for a few cases where minerals tend to exist with other minerals). For
computing intimate mineral mixtures (e.g. rocks or soils), radiative
transfer algorithms using the Hapke reflectance model (Hapke, 1981) are
part of the specpr package. To compute mixture or pure end-member
spectra, a set of optical constants are required as a function of
wavelength., The algorithms use the model at the optical constant level
so spectra can be calculated as a function of grain size, abundance in
the mixture, and viewing geometry. Reflectance spectra of grain size
distributions can also be simulated by computing a mixture of the same
mineral (or even several minerals) at several grain sizes. A future
release of the library will include optical constants for the spectra in
the library. Optical constant libraries will also be computed for the
same flight instrument spectral resolutions and wavelengths shown in
Table 5.

We included one mixture of hematite and quartz because we have
found it wuseful in mapping hematite with imaging spectroscopy data.
Usually, a pure hematite spectrum has bands that are too strong and
saturated compared to that typically found in spectra of the Earth's
surface. The mixture of hematite plus quartz simulates to some degree
cases closer to those encountered in field data.
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AVAILABILITY

The software and spectral libraries are published as a series of
USGS Open File Reports. The hardcopy spectral library, and users manu-
als are available from:

USGS/Dept. of the Interior

Books and Open-File Reports Section
U.S. Geological Survey

Box 25425, Federal Center

Denver, CO 80225

USGS Books, Open File Reports and Maps:
Phone number: (303) 236-7476

The relevant Open-File documents are:

93-592 Spectral Library paper version (this document),
1326 pages.

93-595 Specpr users manual, approximately 210 pages.
(Clark, 1993)

93-594 Spsearch users manual, approximately 30 pages.
(Gorelick and Clark, 1993)

93-593 Spview manual, approximately 15 pages.
(Includes the digital spectral library and
spectral library reader software on 3.5-inch
floppy disks for IBM-PC compatible computers.)
(Livo et al., 1993)

The digital data for the spectral library, software, and above manuals
are available via anonymous ftp on the internet:
ftp speclab.cr.usgs.gov

login as anonymous
password is your userid@machine

cd pub/spectral.library

get README

Follow instructions in the README file for obtaining the
data. The pub/spectral.library directory will contain
all the different versions listed in Table 5, as well as
additional ones as they become available (again see the

README file for details).

Similarly, obtain the specpr and spsearch software in the
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pub/specpr and pub/spsearch directories. The specpr dis-
tribution also includes an independent Fortran program,
spprint, that reads a specpr format file and prints
titles. For independent subroutines in C that read a
specpr file, see the README file.

After you have retrieved the 1library, please send mail to
rclark@speclab.cr.usgs.gov with your name, address, phone number and
email address. We will put you on a mailing list for future announce-
ments and updates.

Alternatively, contact any of the authors at their address, or send
electronic (internet) mail to:

rclark@speclab.cr.usgs.gov

if you have questions.

A CD-ROM version will be available in the future.
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FIGURE CAPTION

Figure 1. The spectral resolution of the spectra in this release of the
spectral library. The resolution is expressed as the Full Width at
Half Maximum (FWHM) in micrometers. The spectral sampling is equal
to the FHWM spacing. The sampling is one half Nyquist, such that
if the response functions of the spectrometer were plotted for each
wavelength, the half-maximum points would overlap the half-maximum
points of the adjacent spectral channels. The FWHM rises where
there is relatively low signal from the detector near the ends of
the detector range. The spectral resolution is better than AVIRIS
1992 at all wavelengths except for a few channels near 0.87 um and
beyond 2.39 pum. The difference is so slight at 0.87 um (12 nm
versus 9 nm for AVIRIS) that for the spectral features encountered
in this spectral library, there are no practical differences 1in
AVIRIS convolved spectra. Beyond 2.39 um, the Beckman rises to 22
nm at 2.42 um and 32 nm at 2.50 um compared to AVIRIS at a resolu-
tion of 14.6 nm in the 2.3 to 2.49-um region. However, AVIRIS data
are strongly affected by atmospheric absorption beyond 2.43 um, so
this difference 1is small in practice. Also, our future spectral
library covering 2 to 150 um will have resolution better than 2.5
mm in the 2 to 2.5-um wavelength region.

The spectral resolution plotted here is our "standard 1x" resolu-
tion. Spectra are often obtained at higher resolution (1l.5x, 2x,
3x, 4x, and 8x the standard). Some of these results have been
reported in Clark et al. (1990b).
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- Al - Acmite NMNH133746

TITLE: Acmite NMNH133746 Pyroxene DESCRIPT
DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: NMNH133746

MINERAL TYPE: Inosilicate

MINERAL: Acmite (Aegirine)(Pyroxene group)
FORMULA: NaFeSi206

FORMULA_NROFF: NaFeSi,O,
COLLECTION_LOCALITY: Kangerdluarssuk, Narssaq (near), Greenland
ORIGINAL DONOR: Smithsonian
CURRENT_SAMPLE_LOCATION: USGS Reston, VA
ULTIMATE SAMPLE LOCATION: USGS Reston, VA
SAMPLE DESCRIPTION:

This sample was obtained by John W. Salisbury, and the original sample
analysis and mid-infrared spectra were published in:

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared (2.1-
25um) Spectra of Minerals: First Edition, U.S. Geological Survey Open File
Report 87-263.

"Original sample was large (up to 2cm), very dark green prismatic crystals
of acmite intergrown with albite(?). Material was crushed and hand picked
by J. Salisbury for grinding."

Sieve interval is: 74-250 um

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

The 74-250 um grains were x-rayed by Norma Vergo. The resulting pattern
showed acmite and an wunidentified peak of trace proportions at 4.48
angstroms.

see:
Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared (2.1-
25um) Spectra of Minerals: First Edition, U.S. Geological Survey Open File
Report 87-263.

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS TYPE: EM(WDS) # XRF, EM(WDS), ICP(Trace), WChem



Acmite NMNH133746 - A2 - Acmite NMNH133746

COMPOSITION: Sio2: 52.08 wts NROFF: S§ioO,
COMPOSITION: TiO02: 0.56 wts NROFF: TioO,
COMPOSITION: Al1203: 0.98 wtg NROFF: Al,0,
COMPOSITION: FeO: 29.22 wts NROFF: FeO
COMPOSITION: MnO: 0.24 wts NROFF: MnO
COMPOSITION: MgO: 0.06 wts NROFF: MgO
COMPOSITION: Ca0: 3.84 wtg NROFF: CaO
COMPOSITION: Na20: 11.87 wts NROFF: Na,O
COMPOSITION: K20: 0.02 wts NROFF: K,0
COMPOSITION: ~----ccccccccccncccaaan

COMPOSITION: Total: 98.87 wts

COMPOSITION: O=Cl,F,S: wts

COMPOSITION: New Total: wt$

COMPOSITION_TRACE: None

COMPOSITION_ DISCUSSION:

From:

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared (2.1-

25um) Spectra of Minerals: First Edition, U.S. Geological Survey Open File
Report 87-263.

Microprobe analysis showed that one grain out of four examined had about 2
wt % more Ca0 and correspondingly less Na,0. Otherwise, homogeneous,

especially within grains. Average of 13 analyses, which indicates close
to end member composition.

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

av gr sz = 265um

Mostly clean cleavage surfaces of prismatic grains. Trace of quartz or
plagioclase. Prismatic grains are length fast, have straight extinction,
prismatic habit and yellow-green pleochroism, all consistent with Acmite.
G. Swayze

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED BY: rclark@speclab (Roger N. Clark)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 16 0.2-3.0um 200 g.s.= 265 um
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- AL - Actinolite HS116

TITLE: Actinolite HS116 DESCRIPT

DOCUMENTATION_ FORMAT: MINERAL

SAMPLE_ID: HS116

MINERAL TYPE: Inosilicate

MINERAL: Actinolite (Amphibole group)

FORMULA: Ca2(Mg,Fe+2)5Si8022(0H)2

FORMULA NROFF: Ca,(Mg,Fe*?).Si 0,,(OH),

COLLECTION_LOCALITY: San Bernadino, CA

ORIGINAL DONOR: Hunt and Salibury Collection

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

Forms a serites with Tremolite and Ferro-actinolite.

Original spectrum published in:

Hunt, G.R., J.W. Salisbury, 1970, Visible and near-infrared spectra of
gégfrals and rocks: I. Silicate minerals. Modern Geology, vol. 1, pp283-

With the note that this sample lacks the contamination by opaque
inclusions that is seen in the actinolite sample HS22.

A spectrum of this sample is also published in:

Clark, R.N., T.V.V. King, M. Klejwa, G. Swayze, and N. Vergo, 1990, High
spectral resolution reflectance spectroscopy of minerals: J. Geophys Res.
95, 12653-12680.

Where it is noted that although XRD indicates chlorite, but no chlorite
bands are seen spectrally. Microscope analysis indicated ~1% opaque and
~5 volume% chlorite as contaminants. The sample measured was HS116.3B
which was dry sieved to the grain size interval 74-250 pm.

Analysis of cation proportions indicates that this actinolite is 1low
enough in iron to border on being called a tremolite.

END_SAMPLE _DESCRIPTION.

XRD_ANALYSIS:

Analysis by Norma Vergo indicates Actinolite + Chlorite

END_XRD_ANALYSIS.



Actinolite HS116 - A5 - Actinolite HS116

COMPOSITIONAL_ANALYSIS TYPE: EM(WDS) # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION: Sio2: 57.78 wtk NROFF: S§iO,
COMPOSITION: TiO2: 0.02 wts NROFF: TiO,
COMPOSITION: Al203: 0.22 wts NROFF: Al,O,
COMPOSITION: Cr203: 0.06 wtsg NROFF: Cr,0,
COMPOSITION: FeO: 4.38 wts NROFF: FeO
COMPOSITION: MnO: 0.12 wts NROFF: MnO
COMPOSITION: MgO: 22.39 wts NROFF: MgO
COMPOSITION: Ca0: 12.13 wts NROFF: CaO
COMPOSITION: Na20: 0.38 wts NROFF: Na,O
COMPOSITION: K20: 0.07 wts NROFF: K,0
COMPOSITION: -c--cccecccccccccncans

COMPOSITION: Total: 97.55 wts

COMPOSITION: O=Cl,F,S: wt$ #correction for Cl1, F, S
COMPOSITION: New Total: wts

COMPOSITION_TRACE: None

COMPOSITION_DISCUSSION:

EM analysis by Gregg A. Swayze at USGS Branch of Geophysics, Denver.
END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

Clark, R.N., T.V.V. King, M. Klejwa, G. Swayze, and N. Vergo, 1990, High
spectral resolution reflectance spectroscopy of minerals: J. Geophys Res.
95, 12653-12680.

Bimodal grain size distribution:

population 1 av gr sz = 325 um 99 vols
population 2 av gr sz = 15 um <1 vols

av gr sz for entire populations = 325 um

Note the presence of ~1% opaque and ~5 volume% chlorite as inclusions.
Actinolite prisms bounded by cleavage surfaces. G. Swayze

END_MICROSCOPIC_EXAMINATION.
DOCUMENTED BY: wcalvin@speclab (Wendy M. Calvin)
LIB_SPECTRA HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 28 0.2-3.0um 200 g.s.= 325um
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- A7 - Actinolite HS22

TITLE: Actinolite HS22 DESCRIPT

DOCUMENTATION FORMAT: MINERAL

SAMPLE_ID: HS22

MINERAL TYPE: Inosilicate

MINERAL: Actinolite (Amphibole group)

FORMULA: Ca2(Mg,Fe+2)5518022(0H)2

FORMULA_NROFF: Ca,(Mg,Fe*?).S1,0,,(0H),

COLLECTION_LOCALITY: Chester, VT

ORIGINAL DONOR: Hunt and Salibury Collection

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE_DESCRIPTION:

Forms a series with Tremolite and Ferro-actinolite.

Original spectrum published in:

Hunt, G.R., J.W. Salisbury, 1970, Visible and near-infrared spectra of
gégérals and rocks: I. Silicate minerals. Modern Geology, vol. 1, pp283-
With the note: "The flattening of the spectral curve of the finest size
range near 2 um, which produces a cross-over of the spectra, is apparently

due to a very slight contamination of the sample by opaque inclusions of
pyrite (?)."

A spectrum of this sample is also published in:
Clark, R.N., T.V.V. King, M. Klejwa, G. Swayze, and N. Vergo, 1990, High
spectral resolution reflectance spectroscopy of minerals: J. Geophys Res.

95, 12653-12680.

Who note that the sample is spectrally pure. The sample measured was
HS22.3B which was dry sieved to the grain size interval 74-250 um.

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:
None.
END_XRD_ANALYSIS.

COMPOSITIONAL_ANALYSIS TYPE: EM(WDS) # XRF, EM(WDS), ICP(Trace), WChem



Actinolite HS22 - A8 - Actinolite HS22

COMPOSITION: Sio2: 54.53 wts NROFF: SiO,
COMPOSITION: Ti02: 0.04 wts NROFF: TioO,
COMPOSITION: Al203: 1.64 wts NROFF: Al,0,
COMPOSITION: Cr203: 0.27 wts NROFF: Cr,0,
COMPOSITION: FeO: 5.46 wt$ NROFF: FeO
COMPOSITION: MnO: 0.21 wts NROFF: MnO
COMPOSITION: MgO: 21.69 wts NROFF: MgO
COMPOSITION: Ca0: 12.01 wts NROFF: CaO
COMPOSITION: Na20: 0.41 wts NROFF: Na,0
COMPOSITION: K20: 0.03 wts NROFF: K,0
COMPOSITION: ----c-ccccccccnconnaa-

COMPOSITION: Total: 96.28 wtg

COMPOSITION: O=Cl,F,S: wt¥ #correction for C1, F, S
COMPOSITION: New Total: wtg

COMPOSITION_ TRACE: None
COMPOSITION_DISCUSSION:

EM analysis by Gregg A. Swayze at USGS Branch of Geophysics, Denver,
indicates stoichiometric actinolite.

END_COMPOSITION_DISCUSSION.
MICROSCOPIC_EXAMINATION:
Optical examination give the following mineral mode:
91.5 volg actinolite
8.0 vols wh. mica or calcite
0.5 vols opaque inclusions
av gr sz = 290um
Mostly pure, highly fractured green actinolite grains (occasionally
some with opaque inclusions). Platey translucent mica? grains intermixed
with actinolite. Continuous grain size distribution with little coating of
larger grains by smaller grains. G. Swayze
END_MICROSCOPIC_EXAMINATION.
DOCUMENTED_BY: wcalvin@speclab (Wendy M. Calvin)
LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 40 0.2-3.0um 200 g.s.= 290um
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- Al0 - Actinolite HS315

TITLE: Actinolite HS315 DESCRIPT

DOCUMENTATION FORMAT: MINERAL

SAMPLE_ID: HS315

MINERAL TYPE: Inosilicate

MINERAL: Actinolite (Amphibole group)

FORMULA: Ca2(Mg,Fe+2)5518022(0H)2

FORMULA_NROFF: Ca,(Mg,Fe*2).Si,0,,(0H),

COLLECTION_LOCALITY: Colorado

ORIGINAL DONOR: Hunt and Salibury Collection

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

Forms series with Tremolite and Ferro-actinolite.

Original spectrum published in:

Hunt, G.R., J.W. Salisbury, and C.J. Lenhoff, 1973, Visible and near-
infrared spectra of minerals and rocks: VI. Additional silicates. Modern
Geology, v. 4, p. 85-106.

With the note: "The very weak band near 0.63 pum indicates the presence of
some ferric iron, which is often abundant in actinolites"

The spectrum in the library is sample HS315.4B which was dry sieved to the
grain size interval 250-1200 pm.

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:
None.
END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS_TYPE: EM(WDS) # XRF, EM(WDS), ICP(Trace), WChem



Actinolite HS315 - All - Actinolite HS315

COMPOSITION: $i02: 57.72 wts NROFF: SiO,
COMPOSITION: T102: 0.01 wts NROFF: TiO,
COMPOSITION: Al1203: 1.38 wts NROFF: Al,0,
COMPOSITION: Cr203: 0.02 wts NROFF: Cr,0,
COMPOSITION: FeO: 1.37 wts NROFF: FeO
COMPOSITION: MnO: 0.33 wts NROFF: MnO
COMPOSITION: MgO: 24 .58 wts NROFF: MgO
COMPOSITION: Ca0: 13.27 wts NROFF: CaO
COMPOSITION: Na20: 0.37 wts NROFF: Na,0
COMPOSITION: K20: 0.09 wts NROFF: K,0
COMPOSITION: -----ccecccccccccaaaa-

COMPOSITION: Total: 99.14 wts

COMPOSITION: O=Cl1,F,S: wt$ #correction for Cl1, F, S
COMPOSITION: New Total: wts

COMPOSITION_TRACE: None
COMPOSITION _DISCUSSION:
EM analysis by Gregg A. Swayze at USGS Branch of Geophysics, Denver.
END_COMPOSITION_DISCUSSION.
MICROSCOPIC_EXAMINATION:
Optical examination gives the following mineral mode:
96 vols actinolite
3 volsg talc or mica
1 vols Fe-stained pyrite?

Bimodal grain size distribution:

vols

population 1 av gr sz = 1000um 99.9
1 vols

9
population 2 av gr sz = 30um 0.
av gr sz all populations = 1000um
Prismatic actinolite crystals with occasional pyrite? inclusions altered
to limonite and staining surrounding actinolite. Bundles of micaceous
soft mineral resemble talc. Some actinolite grains (about 10 vols) are
polygranular, while most are single prisms bounded by cleavage faces. G.
Swayze
END_MICROSCOPIC_EXAMINATION.
DOCUMENTED BY: wcalvin@speclab (Wendy M. Calvin)
LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 51 0.2-3.0um 200 g.s.= 1000um
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- Al3 - Actinolite NMNHB0714
TITLE: Actinolite NMNH80714 DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE_ID: NMNH80714
MINERAL_TYPE: Inosilicate
MINERAL: Actinolite (Amphibole group)
FORMULA: Ca2(Mg,Fe+2)5Si8022(0H)2
FORMULA_NROFF: Ca,(Mg,Fe*?).Si,0,,(0H),
COLLECTION_LOCALITY: Cumberland, Rhode Island
ORIGINAL DONOR: National Museum of Natural History
CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE DESCRIPTION:
Forms series with Tremolite and Ferro-actinolite.

Sample was seived to ~<250um.
It probably contains enough iron to be considered a ferro-actinolite.

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:
None.

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS TYPE: EM(WDS) # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION: Sio2: 54.28 wt$ NROFF: SiO,
COMPOSITION: Tio2: 0.02 wts NROFF: TiO,
COMPOSITION: A1203: 2.81 wts  NROFF: Al,0,
COMPOSITION: Cr203: 0.00 wts NROFF: Cr,0,
COMPOSITION: FeO: 8.60 wt% NROFF: FeO
COMPOSITION: MnO: 0.59 wts NROFF: MnO
COMPOSITION: MgO: 18.53 wts  NROFF: Mg0
COMPOSITION: Cal: 13.04 wts NROFF: CaO
COMPOSITION: Na20: 0.74 wts NROFF: Na,0
COMPOSITION: ---c--vccccnmccccncccns

COMPOSITION: Total: 98.61 wts

COMPOSITION: O0=Cl,F,S: wt$ #correction for Cl, F, S
COMPOSITION: New Total: wt$

COMPOSITION_TRACE: None

COMPOSITION_ DISCUSSION:



Actinolite NMNH80714 - Al4 - Actinolite NMNH80714
EM analysis by Gregg A. Swayze at USGS Branch of Geophysics, Denver.
END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

Mineral mode:

90 vols Actinolite popl av gr sz = 255um

25% coated with smaller actinolite grains
2 volg Actinolite pop2 av gr sz = 30um
8 vols Biotite? pop3 av gr sz = 230um

coated with small actinolite grains
av gr sz of populations = 250um
Pure sample of prismatic green-blue fibers. Slight pleochroism, biaxial
(-), two good cleavages, high birefringence, inclined extinction with
angle = 12 degrees. All this is consistent with actinolite. G. Swayze
END_MICROSCOPIC_EXAMINATION.
DOCUMENTED_BY: wcalvin@speclab (Wendy M. Calvin)
LIB_SPECTRA_HED: where Wave Range Av _Rs Pwr Comment

LIB_SPECTRA: splibO4a r 62 0.2-3.0um 200 g.s.= 250 pm
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- Al6 - Actinolite NMNHR16485

TITLE: Actinolite NMNHR16485 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: NMNHR16485

MINERAL TYPE: Inosilicate

MINERAL: Actinolite (Amphibole group)

FORMULA: Ca2(Mg,Fe+2)55i18022(0H)2

FORMULA_NROFF: Ca,(Mg,Fe*?),Si,0,,(0H),

COLLECTION_LOCALITY: Unknown.

ORIGINAL DONOR: National Museum of Natural History
CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE_DESCRIPTION:

Actinolites are the intermediate members of a complete solid solution
series with tremolite, CaMg.Si 0,,(OH),, and ferroactinolite,
Ca,Fe,Si 0,,(0H),, as end members. Actinolite is a characteristic mineral

of the greenschist facies of metamorphism.

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

Tremolite + talc + 2.878. (Norma Vergo)

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE: None

COMPOSITION_DISCUSSION:

None

END_COMPOSITION DISCUSSION.

MICROSCOPIC_EXAMINATION:

av gr sz = 35um

Mostly prismatic fibrous grains partially coated with smaller grains.
These grains have inclined extinction, prismatic cleavage, and slight
green color indicating presence of Fe. Grains are length slow, with angle
between Z and C axes (OAP 11 (010)') = 16-20 degrees. This falls into the

tremolite range according to D. Shelly (1985, Optical Mineralogy, 2nd Ed.,
Elsevier, New York, Table 9.1, p214.) G. Swayze



Actinolite NMNHR16485 - Al7 - Actinolite NMNHR16485

Spectroscopic data in the .5 to 2.5 pm indicate a 1low iron actinolite,
confirming the above micropscpic examination. Roger N. Clark

END_MICROSCOPIC_EXAMINATION.
DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 73 0.2-3.0pm 200 g.s.= 35 pm



Actinolite NMNHR16485

- Al8 -

Bugeto0do3as €L

J epoqyids

€0 :0F 8883/11/20

(wm)
S 7

d34 S8V egrdiM

H19N3I13AVM

GBYI9THHNWN 83T TOouUT3aV

4N Or 9% €661/80/0%

Qe AdO280J328d08 JOAUSO ‘ABAuns T8OT0OTO08S ‘8 °N

3INV13371434



- Al9 - Adularia GDS57
TITLE: Adularia GDS57 (Orthoclase) DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE_ID: GDS57
MINERAL TYPE: Tectosilicate
MINERAL: Adularia (Orthoclase)(Feldspar group)
FORMULA: KA1Si308
FORMULA_NROFF: KAlSi,O,
COLLECTION_LOCALITY: Floestenthal Tyrol, Austria
ORIGINAL DONOR: Colorado School of Mines
CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE _DESCRIPTION:

K-feldspar commonly found in psuedo-orthorhombic crystals. It occurs
mainly in low-temperature veins in gneisses and schists.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

Feldspar of orthoclase subgroup.

Konnert, Judith and Marta Flohr, 1992, unpublished data, USGS Reston, VA,
END XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE: None

COMPOSITION_DISCUSSION:

None

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

Bimodal grain size distribution:

population 1 = 650um 99 vols
population 2 = 40um 1 vols

av gr sz of populations = 648um

Smaller grains cover 20% of larger tabular grains. Grains have 1low
relief, first order gray interference color, no visible twins, refractive



Adularia GDS57 - A20 - Adularia GDS57

index close to 1.51 oil. This sample was ground from a single k-feldspar
crystal. G. Swayze

END_MICROSCOPIC_EXAMINATION.
DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA_HED: where Wave Range Av_Rs_ Pwr Comment

LIB_SPECTRA: splibO4a r 84 0.2-3.0um 200 g.5.= 648 um
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- A22 - Albite GDS30

TITLE: Albite GDS30 Plagioclase DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE ID: GDS30 and NMNH C5390

MINERAL TYPE: Tectosilicate

MINERAL: Albite (Plagioclase, Na end member)(Feldspar group)

FORMULA: NaAlSi308

FORMULA_NROFF: NaAlSi,O,

COLLECTION_LOCALITY: Rutherford, VA

ORIGINAL DONOR: Jack Salisbury

CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

Spectra from 2.5 to 25 um for this sample are published in:

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared (2.1-
25pum) Spectra of Minerals: First Edition, U.S. Geological Survey Open File
Report 87-263.

"Sample is translucent and light gray to white in color. This 1is the
classic Amelia albite. Hand specimen is large (2 cm) fragment of twinned
22{55?}. Appears very fresh. Is translucent and light gray Eo white in

Sample measured for the library is the 74-250um interval.

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:
Pure albite.
END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS TYPE: EM # XRF, EM(WDS), ICP(Trace), WChem



Albite GDS30 - A23 - Albite GDS30

COMPOSITION: sio2: 68.18 wts NROFF: SiO,
COMPOSITION: Ti02: 0.01 wts NROFF: TioO,
COMPOSITION: Al203: 20.07 wts NROFF: Al,0,
COMPOSITION: FeO: 0.01 wts NROFF: FeO
COMPOSITION: MnO: 0.01 wts NROFF: MnO
COMPOSITION: MgO: 0.02 wts NROFF: MgO
COMPOSITION: Ca0: 0.02 wts NROFF: Ca0
COMPOSITION: Na20: 10.37 wts NROFF: Na,0
COMPOSITION: K20: 0.20 wtsg NROFF: K,0
COMPOSITION: ------cccccccaccancea-

COMPOSITION: Total: 99.88 wts

COMPOSITION: O=Cl1,F,S: wt$ #correction for Cl1l, F, S
COMPOSITION: New Total: wts

COMPOSITION _TRACE: None

COMPOSITION DISCUSSION:

"Flame photometry and atomic absorption analysis of samples from the same
location (not the same sample) show 98.42 mole percent albite. Microprobe
analysis shows sample to be homogeneous within and between grains. Ten
analyses indicate pure albite end member compostion.”

Analsis from Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-
Infrared (2.1-25 um) Spectra of Minerals: First Edition, U.S. Geological
Survey Open File Report 87-263.

END_COMPOSITION_DISCUSSION.

MICROSCOPIC EXAMINATION:

av gr sz = 190um

Clear tabular grains, mostly cleavage bound grains. G. Swayze
END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: wcalvin@speclab (Wendy M. Calvin)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO04a r 95 0.2-3.0um 200 g.s.= 190 um
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- A25 - Albite HS324

TITLE: Albite HS324 Plagioclase DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: HS324

MINERAL_TYPE: Tectosilicate

MINERAL: Albite (Plagioclase, Na end member) (Feldspar group)

FORMULA: NaAlSi3o08

FORMULA_NROFF: NaAlSi,0,

COLLECTION_LOCALITY: South Dakota

ORIGINAL DONOR: Hunt and Salisbury Collection

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

"This is the sodium end member of the albite-anorthite series and 1is
composed of 90 to 100% albite. 1Its spectrum shows weak features near 0.65
# (very broad) and near 1.0 pu, suggesting the presense of small amountizof
both Fe*? and Fe*?. The Fe*? substitutes for aluminum, and the Fe
substitutes for the calcium, the latter in whatever anorthite is present.
Hydroxyl and water bands are seen near 1.4 and 1.9 u, and the A1OH bend OH
combination feature near 2.2 u is evident. The strength of this last band
suggests incipient alteration of the sample, which is not apparent in hand
specimen.”

Hunt, G.R., J.W. Salisbury, and C.J. Lenhoff, 1973, Visible and near-
infrared spectra of minerals and rocks: VI. Additional silicates. Modern
Geology, vol. 4, pp 85-106.

White color, 74-250um sieve interval.

Note: the spectrum of this sample shows a significant 2.2-ym band
apparently due to alteration although (see microscopic examination below)

it can not be seen by visual examination. Roger N. Clark

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:
Albite + 3.18(s) anorthite?? (Norma Vergo)

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE: None

COMPOSITION_DISCUSSION:



Albite HS324 - A26 - Albite HS324
No compositional analyses available

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

av gr sz = 265um

Pure sample no visible alteration or contamination, clear cleavage bounded
crystals. G. Swayze

END_MICROSCOPIC_EXAMINATION.
DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 106 0.2-3.0um 200 g.s.= 265 yum
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- A28 - Albite HS66
TITLE: Albite HS66 Plagioclase DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE ID: HS66
MINERAL TYPE: Tectosilicate
MINERAL: Albite (Plagioclase, Na end member)(Feldspar group)
FORMULA: NaAlSi308
FORMULA NROFF: NaAlSi,O,
COLLECTION_LOCALITY: Amelia, Virginia
ORIGINAL DONOR: Hunt and Salisbury Collection
CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE_DESCRIPTION:
"This sample of albite is quite pure, and consequently has a high
reflectivity throughout this wavelength range (.4-2.5 um). The only two
bands displayed (near 1.4 and 1.9 pm) are due to water in fluid
inclusions."
Hunt, G.R., J.W. Salisbury, 1970, Visible and near-infrared spectra of
minerals and rocks: I. Silicate minerals. Modern Geology, vol. 1, pp

283-300.

White color, 74-250um sieve interval. This is the sodium end member of
the albite-anorthite series.

Also apparent in the spectrum is a weak 2.2-um absorption, apparently due
to some alteration that is not detectable under microscopic examination.
Roger N. Clark

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

Albite + trace mica. (Norma Vergo)

END_XRD_ANALYSIS.

COMPOSITIONAL_ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE: None

COMPOSITION DISCUSSION:

No compositional analyses available

END_COMPOSITION_DISCUSSION.



Albite HS66 - A29 - Albite HS66
MICROSCOPIC_EXAMINATION:
Bimodal grain size distribution:

population 1 = 190um 99 vols
population 2 = 8um 1 vols

av gr sz of populations = 189um

Pure feldspar. Larger grains cleavge and fracture bounded with 20% of
their surfaces covered by smaller grains. No mica visible in either
grains size fraction. G. Swayze

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 117 0.2-3.0um 200 g.-s.= 189 um
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- A3l - Allanite HS293

TITLE: Allanite HS293 DESCRIPT

DOCUMENTATION _FORMAT: MINERAL

SAMPLE_ID: HS293

MINERAL TYPE: Sorosilicate

MINERAL: Allanite (Orthite)(Epidote Group)

FORMULA: (Ce,Ca,Y)2(Al,Fe+3)3(S1i04)3(OH)

FORMULA_NROFF: (Ce,Ca,Y),(Al,Fe3*),(8i0,),(0H)

COLLECTION_LOCALITY: Ontario

ORIGINAL DONOR: Hunt and Salisbury Collection

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

"Allanite is an accesory mineral in many granites, grandiorites,
monzonites, and syenites, and occurs in large amounts in some limestone
skarns and pegmatites. It is typically a very dark mineral, and this
sample is no exception. The high ferric iron and rare earth metal content
reduces the reflectivity throughtout the visible and very near infrared.
The high metal ion content also quenches the hydroxyl bands."

Hunt, G.R., J.W. Salisbury, and C.J. Lenhoff, 1973, Visible and near-
infrared spectra of minerals and rocks: VI. Additional silicates. Modern

Geology, vol. 4, pp 85-106.

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

None.

END_XRD ANALYSIS.

COMPOSITIONAL_ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE: None

COMPOSITION_DISCUSSION:

None.

END_COMPOSITION_DISCUSSION.

MICROSCOPIC EXAMINATION:

Mineral mode:



Allanite HS293 - A32 - Allanite HS293

92 vols Allanite, dark brown translucent, conchoidally fractured
surfaces, lacks any good cleavage
5 vols Fe-stained, conchoidally fractured, possibly quartz or sphene??
3 vols White plagiclase, with 90 degree cleavage angle

population 1 Allanite: av gr sz = 300um
population 2 qtz-plag: av gr sz = 290um

av gr sz of populations = 299um

Dark brown grains are pleochroic, biaxial (-), lack good cleavage, have
anomalous blue interference colors, and have high relief. All these are
characteristic of Allanite. G. Swayze

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 128 0.2-3.0pm 200 g.5.= 299 um
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- A34 - Almandine HS114
TITLE: Almandine HS114 Garnet DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE_ID: HS11l4
MINERAL TYPE: Nesosilicate
MINERAL: Almandine (Garnet group)
FORMULA: (Fe+2)3A12(Si04)3
FORMULA_NROFF: Fe*2,A1,(Si0,),
COLLECTION_LOCALITY: Warren County, New York
ORIGINAL DONOR: Hunt and Salisbury Collection
CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE DESCRIPTION:
Forms series with Pyrope and with Spessartine.
"This is a common garnet of schists and gneisses and also occurs in
intermediate to acidic igneous rocks. It is the most widespread variety
of garnet found as a detrital mineral in sedimentary rocks. Again, this
spectrum is dominated by the intense absorption at 1.28 u and 1.7 p due to
the ferrous iron in eight-fold coordination. Also, there is a rapid fall
off to the blue caused by both ferrous and ferric ion absorptions. The
well defined band at 0.7 u confirms the presence of Fe*? substituted for
Al*3, and the suggestion of a band near 0.85u in the smallest particle
size is consistent with this - even though the combination of the visible
and near-infrared intense absorptions provide a well-resolved maximum near
0.85 um, especially in the larger particle size samples. The wvisible
spectrum shows features at 0.37, 0.43, 0.51, and 0.57 u, which is quite
similar to the spectrum of spessartine, with the exception of the very
sharp 0.41 y Mn*? band, which is absent."
Hunt, G.R., J.W. Salisbury, and C.J. Lenhoff, 1973, Visible and near-
infrared spectra of minerals and rocks: VI. Additional silicates.
Modern Geology, v. &4, p. 85-106.
END_SAMPLE_DESCRIPTION.
XRD_ANALYSIS:
None

END_XRD ANALYSIS.

COMPOSITIONAL ANALYSIS TYPE: EM # XRF, EM(WDS), ICP(Trace), WChem



Almandine HS114 - A35 - Almandine HS1l1l4

COMPOSITION: §102: 40.40 wts  NROFF: SiO,
COMPOSITION: Ti02:  0.07 wt%  NROFF: TiO,
COMPOSITION: A1203: 22.97 wts  NROFF: Al,0,
COMPOSITION: Cr203:  0.01 wtt  NROFF: Cr,0,
COMPOSITION: V203:  0.01 wts  NROFF: V,0,
COMPOSITION: FeO: 22.45 wts  NROFF: FeO
COMPOSITION: NiO:  0.02 wts  NROFF: NiO
COMPOSITION: MnO:  0.53 wts  NROFF: MnO
COMPOSITION: MgO: 11.05 wts  NROFF: MgO
COMPOSITION: Ca0:  4.27 wt¥  NROFF: Ca0
COMPOSITION: --c--co-mceomnocnonnnnn

COMPOSITION: Total: 101.79 wts

COMPOSITION: 0=Cl,F,S: wts #correction for Cl, F, S

COMPOSITION: New Total: 101.79 wts
COMPOSITION_TRACE: Nomne
COMPOSITION DISCUSSION:

None.

END_COMPOSITION DISCUSSION.
MICROSCOPIC_EXAMINATION:

av gr sz = 260um

Conchoidally fractured grains, isotropic under cross-polarized light.
About 3% thin fibrous inclusions. G. Swayze

END MICROSCOPIC_EXAMINATION.
DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 140 0.2-3.0um 200 g.s.=~ 260 um
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- A37 - Almandine WS475

TITLE: Almandine WS475 Garnet DESCRIPT
DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: WS475
MINERAL TYPE: Nesosilicate
MINERAL: Almandine (Garnet group)

FORMULA: (Fe+2)3A12(Si04)3
FORMULA_NROFF: Fe*?,Al1,(S10,),
COLLECTION_LOCALITY: Jackson Co., North Carolina
ORIGINAL DONOR: Wards Science
CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE _DESCRIPTION:
Forms series with Pyrope and with Spessartine.
Optical examination gives the following mode:
95 vol% almandine

4 vols biotite

1 vol% magnetite
Rose pink color in hand sample, original sample was a almandine-biotite
schist. Sample was hand-picked and sieved so that current sample consists
of < 250-um grain fraction. Sample could benefit from more handpicking

under a microscope. Biotite forms almandine coated flakes.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:
None.
END_XRD ANALYSIS.

COMPOSITIONAL ANALYSIS TYPE: EM(CDS) # XRF, EM(WDS), ICP(Trace), WChem



Almandine WS475 - A38 - Almandine WS475

COMPOSITION: Sio2: 37.98 wt$ NROFF: Si0,
COMPOSITION: Tio2: 0.00 wts NROFF: TiO,
COMPOSITION: Al203: 22.14 wts NROFF: Al,0,
COMPOSITION: Cr203: 0.01 wt$ NROFF: Cr,0,
COMPOSITION: V203: 0.01 wts NROFF: V,0,
COMPOSITION: FeO: 29.83 wts NROFF: FeO
COMPOSITION: Nio: 0.01 wtg NROFF: NiO
COMPOSITION: MnO: 0.47 wts NROFF: MnO
COMPOSITION: MgO: 7.35 wts  NROFF: Mg0
COMPOSITION: Ca0: 1.71 wtg NROFF: Ca0O
COMPOSITION: --«cccceccrcccccccnans

COMPOSITION: Total: 99,52 wt$

COMPOSITION: O=Cl,F,S: wtg #correction for C1, F, S

COMPOSITION: New Total: 99.52 wts
COMPOSITION_TRACE: None
COMPOSITION_DISCUSSION:
Microprobe analyses are average of five spot locations done on different
grains. All Fe 1is expressed as FeO, and the Fe,0, content was not
determined.
END_COMPOSITION _DISCUSSION.
MICROSCOPIC_EXAMINATION:
Optical examination gives the following mineral mode:
95 vols pyrope
4 vols biotite
1 vol% magnetite or other opaque

This sample has a bimodal grainsize distribution:

1st population: avg grain size = 200 um
2nd population: avg grain size = 25 um

avg. grain size = 199 um

Smaller grains partially coat larger grains. G. Swayze

Fine pyrope grains adhere to biotite contaminant surfaces. Some pyrope
grains (~10%) have dark honey color perhaps due to mafic inclusions. Most
grian surfaces have concoidal fractures since garnet has no cleavage;
parting surfaces not apparent in this sample.

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED BY: gswayze@speclab (Gregg A. Swayze)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB SPECTRA: splibO4a r 151 0.2-3.0um 200 g.5.=199 um
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- A4O -

TITLE: Almandine WS476 Garnet DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: WS476

MINERAL TYPE: Nesosilicate

MINERAL: Almandine (Garnet group)

FORMULA: (Fe+2)3A12(Si04)3

FORMULA_NROFF: Fe*?,Al,(Si0,),

Almandine WS476

COLLECTION LOCALITY: Gore Mountain, Warren County, New York

ORIGINAL DONOR: Ward Science Collection

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory

ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE_DESCRIPTION:

Forms series with Pyrope and with Spessartine.
END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

None

END_XRD_ANALYSIS.

COMPOSITIONAL_ANALYSIS_TYPE:

COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION: New Total:

COMPOSITION_TRACE: None

COMPOSITION_DISCUSSION:

None

$io2:
Ti02:
Al203:
Cr203:
V203:
FeO:
NiO:
MnO:

39.
0.
22.
0.
0.
22.

EM

END_ COMPOSITION_DISCUSSION.

# XRF, EM(WDS), ICP(Trace), WChem

NROFF:
NROFF:
NROFF:
NROFF:
NROFF:
NROFF:
NROFF:
NROFF:
NROFF:
NROFF:

Si0,
Tio,
Al,0,
Cr,0,
V,0,
FeO
NiO
MnO
MgO
Cal

#correction for Cl1, F, S



Almandine WS476 - A41 - Almandine WS476
MICROSCOPIC_EXAMINATION:
av gr sz = 125um Range = 5 - 200um

Uniform grain size distribution. Trace limonite? Garnet isotropic wunder
cross-polarized light. Conchoidally fractured grains. G. Swayze

END_MICROSCOPIC_EXAMINATION.
DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 162 0.2-3.0um 200 g.s.= 125 um



Almandine WS476

- AL2 -

6UETOJD3® 29F J BFOQTTdS &2 wWeI/F2/5F 434 SEV GETHTM 9/VSM BuTpUBWTY
(W) HI9NITIIAVM

O°€E G°'c (O S S°7 0°7 "0

— ¥ L] L} - L} J § — ! ¥ L} — ] ¥ J _ I ' |} L} o o
— —<c'0
— — V0
— — 9°0
- -

— 1 1 1 — | 1 1 — ] I 1 — L1 1 i — 1 1 | ]

iN Or 8% €£663/80/0%
qe7 Adod80J320d8 JOAUSO °‘ASAJng TedTBOT0RG ‘S °N

3ONV13371434



- A43 - Almandine WS477
TITLE: Almandine WS477 Garnet DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE_ID: WS477
MINERAL _TYPE: Nesosilicate
MINERAL: Almandine (Garnet group)
FORMULA: (Fe+2)3A12(S81i04)3
FORMULA NROFF: Fe*2,Al,(Si0,),
COLLECTION_LOCALITY:
ORIGINAL DONOR: Ward Science Collection
CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE _DESCRIPTION:
Forms series with Pyrope and with Spessartine.
END_SAMPLE_DESCRIPTION.
XRD_ANALYSIS:
None
END_XRD_ ANALYSIS.
COMPOSITIONAL ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE: None
COMPOSITION_DISCUSSION:
None.
END_COMPOSITION_DISCUSSION.
MICROSCOPIC_EXAMINATION:
Mineral mode:

85 vols Almandine
15 vols limonite stained almandine grains

av gr sz = 50um Range = 5 - 200um
Trace amphibole? All other grains isotropic under cross-polarized
light. Conchoidal fracture in almandine. Limonite staining and

limonite grains embedded in almandine grains. G. Swayze

END_MICROSCOPIC_EXAMINATION.



Almandine WS477 - A44 - Almandine WS477
DOCUMENTED_BY: wcalvin@speclab (Wendy M. Calvin)
LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a_r 172 0.2-3.0pm 200 g.s.= 50 ym
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- A46 -

TITLE: Almandine WS478 Garnet DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: WS478

MINERAL_TYPE: Nesosilicate

MINERAL: Almandine (Garnet group)

FORMULA: (Fe+2)3A12(Si04)3

FORMULA_NROFF: Fe*2,Al,(Si0,),

COLLECTION_LOCALITY: Wrangell, Alaska

ORIGINAL DONOR: Ward Science Collection

Almandine WS478

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory

ULTIMATE SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

Forms series with Pyrope and with Spessartine.
END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

None

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS_ TYPE:

COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION: New Total:

COMPOSITION_TRACE: None

COMPOSITION DISCUSSION:

None

$i02:
Ti02:
Al1203:
Cr203:
V203:
FeO:
NiO:
MnO:

39.
0.
22.

EM

0-C1,F,S:

END_COMPOSITION DISCUSSION.

# XRF,

NROFF:
NROFF:
NROFF:
NROFF:
NROFF:
NROFF:
NROFF:
NROFF:
NROFF:
NROFF:

8i0,
Tio,
Al,0,
Cr,0,
V,0,
FeO
NioO
MnO
MgO
Ca0l

EM(WDS), ICP(Trace), WChem

#correction for Cl1, F, S



Almandine WS478 - A47 - Almandine WS478
MICROSCOPIC_EXAMINATION:

av gr sz = 125um Range = 5-325um

Smaller grains adhere to larger ones. Trace of limonite staining and
individual limonite grains. Garnet has conchoidal fractured surfaces, and
is mostly isotropic under cross-polarized light. G. Swayze
END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB SPECTRA: splibO4a r 183 0.2-3.0um 200 g.s.= 125 pm



Almandine WS478
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- A49 -

TITLE: Almandine WS479 Garnet DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: WS479

MINERAL _TYPE: Nesosilicate

MINERAL: Almandine (Garnet group)

FORMULA: (Fe+2)3A12(Si04)3

FORMULA_NROFF: Fe*2,Al,(Si0,),

COLLECTION_LOCALITY: Ampandrambaika, Malagasy

ORIGINAL DONOR: Ward Science Collection

Almandine WS479

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory

ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

Forms series with Pyrope and with Spessartine.
END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

None

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS_TYPE:

COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION:
COMPOSITION: New Total:

COMPOSITION_TRACE: None

COMPOSITION_ DISCUSSION:

None

Sion2:
Tio2:
Al203:
Cr203:
V203:
FeO:
NiO:
MnO:

37.

EM

----------------------

Total:
0=Cl,F,S:

END_COMPOSITION DISCUSSION.

# XRF,

NROFF:
NROFF:
NROFF:
NROFF:
NROFF:
NROFF:
NROFF:
NROFF:
NROFF:
NROFF:

sio,
Tio,
Al,0,
Cr,0,
v,0,
FeO
Nio
MnO
MgO
Cal

EM(WDS), ICP(Trace), WChem

#correction for C1l, F, S



Almandine WS479 - A50 - Almandine WS479
MICROSCOPIC_EXAMINATION:
av gr sz = 125um Range = 10 - 295um

Trace of opaques, conchoidal fractured garnet grains, with 15% of garnet
grains containing non-isotropic inclusions. G. Swayze.

END_MICROSCOPIC_EXAMINATION.
DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 193 0.2-3.0pm 200 g.s.= 125 um



Almandine WS479
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- A52 - Alunite GDS84

TITLE: Alunite GDS84 (K) DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: GDS84

MINERAL TYPE: Sulfate

MINERAL: Alunite (Na03) (Alunite group)

FORMULA: KA13(S04)2(OH)6 Na0O3

FORMULA_NROFF: KAl,(SO,),(OH), (Na,,)

COLLECTION LOCALITY: Marysvale, UT

ORIGINAL DONOR: Roger Stoffregen, SMU
CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE DESCRIPTION:

This alunite sample is from a high temperature, coarse vein deposit.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:
END_XRD ANALYSIS.
COMPOSITIONAL_ANALYSIS TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE: None
COMPOSITION_DISCUSSION:
Standard used by Stoffregen et al.
Stoffregen, R., and Alpers, C., 1992, Observations on the unit-cell
dimensions, H20 contents and del D values of natural and synthetic
alunite: American Mineralogist, v.77, p. 1092-1098.
END_COMPOSITION DISCUSSION.
MICROSCOPIC_EXAMINATION:
Bimodal Grain size distribution:
mode 1: 400 um @ 65 vols
mode 2: 40 pm @ 35 vols
avg gr sz = 260 um
Trace of Fe-staining on larger gtrains as discontinuous crust covering or

clouding 5-10% of grains. Uniaxial (+), good basal cleavage, all
consistent with alunite. G. Swayze.



Alunite GDS84 - A53 - Alunite GDSB4
END_MICROSCOPIC_EXAMINATION.

DOCUMENTED _BY: agall@speclab (Andrea J. Gallagher)

LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 204 0.2-3.0um 200 g.s.= 260 pm



Alunite GDS84
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- AS55 - Alunite GDS83

TITLE: Alunite GDS83 (Na) DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_1ID: GDS83

MINERAL TYPE: Sulfate

MINERAL: Alunite (Na63)(Alunite group)

FORMULA: (Na,K)Al3(S04)2(OH)6 Naé63

FORMULA_NROFF: (Na,K)Al,(S0,),(OH), (Nag,)
COLLECTION_LOCALITY: Komatsuga, Japan

ORIGINAL_DONOR: Roger Stoffregen, SMU
CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE DESCRIPTION:

This alunite sample is from a high temperature, coarse vein deposit.

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

"40 kV - 30 mA, 6.5-9.5 keV (n65alnt.out)

References: JCPDS #41-1467; Parker (1962)

Found: alunite and a major unidentified phase

Comment: The alunite closely matches natroalunite; its sharp
reflections indicate good crystallinity and
compositional homogeneity. The additional phase(s)
has some strong lines (d in angstroms / intensity):
2.81/100, 2.253/100, 2.002/2, 1.877/50, 1.575/10,
1.473/100. I have been unable to identify this phase.
Where not obscured by the alunite, peaks of this
unidentified phase "tail off" toward larger d,
suggesting compositional zoning."

J.S. Huebner, J. Pickrell, and J. Randow, 1993, written communication.
END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE: None

COMPOSITION DISCUSSION:

Standard used by Stoffregen et al.

Stoffregen, R., and Alpers, C., 1992, Observations on the unit-cell
dimensions, H20 contents and del D wvalues of natural and synthetic



Alunite GDS83 - A56 - Alunite GDSB3

alunite: American Mineralogist, v.77, p. 1092-1098.
END_COMPOSITION_DISCUSSION.
MICROSCOPIC_EXAMINATION:

avg gr sz = 35 um

Uniaxial (+), low birefringence, 1length fast, basal cleavage,
consistent with alunite. Very little contamination. G. Swayze.

END_MICROSCOPIC_EXAMINATION.
DOCUMENTED_BY: agall@speclab (Andrea J. Gallagher)
LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 215 0.2-3.0pm 200 g.s.= 35 pum

all



Alunite GDS83
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- A58 - Alunite GDS82

TITLE: Alunite GDS82 (Natroalunite) DESCRIPT
DOCUMENTATION FORMAT: MINERAL
SAMPLE_ID: GDS82
MINERAL_TYPE: Sulfate
MINERAL: Alunite (Na82) (Natroalunite) (Alunite group)
FORMULA: (Na,K)A13(S04)2(OH)6 Na82
FORMULA NROFF: (Na,K)Al,(SO,),(OH), (Nag,)
COLLECTION_LOCALITY: Sadler, TX
ORIGINAL_DONOR: Roger Stoffregen, SMU
CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE DESCRIPTION:
This is a low temperature, diagentic variety of alunite.
END_SAMPLE_DESCRIPTION.
XRD_ANALYSIS:
"40 kV - 30 mA, 6.5-9.5 keV (n80alnt.out)
References: JCPDS #41-1467; Huebner’s reference patterns
Found: alunite, quartz, very very weak reflections at 2.38
and 1.720

Comment: the alunite is probably a single phase; its lattice

spacings match those of natroalunite. The alunite has

sharp peaks, indicating good crystallinite and

compositional homogeneity"
J.S. Huebner, J. Pickrell, and J. Randow, 1993, written communication.
END_XRD ANALYSIS.
COMPOSITIONAL ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE: None
COMPOSITION_DISCUSSION:
Sample is a standard used by:
Stoffregen, R., and Alpers, C., 1992, Observations on the unit-cell
dimensions, H20 contents and del D wvalues of natural and synthetic
alunite: American Mineralogist, v.77, p. 1092-1098.

END_COMPOSITION_ DISCUSSION.

MICROSCOPIC_EXAMINATION:



Alunite GDS82 - A59 - Alunite GDS82

Bimodal grain size distribution:
mode 1: 70 pm @ 55 vols
mode 2: 3 pum @ 45 vols
avg gr sz = 50 pm

Larger grains have extinction characteritic of very fine grained
aggregates. I cannot determine the optical properties because of small
grain size. Trace opaques. Purity confirmed by XRD by Roger Stoffregen.
G. Swayze.
END_MICROSCOPIC_EXAMINATION.
DOCUMENTED_BY: agall@speclab (Andrea J. Gallagher)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 226 0.2-3.0um 200 g.s.= 50 um
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- A6l - Alunite AL706

TITLE: Alunite AL706 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE ID: AL706

MINERAL TYPE: Sulfate

MINERAL: Alunite (Alunite group)

FORMULA: (Na,K)A13(S04)2(OH)6

FORMULA NROFF: (Na,K)Al1,(S0,),(OH),

COLLECTION_LOCALITY: Sulfur, Nevada

ORIGINAL DONOR: Ron Lyon, Stanford University
CURRENT_SAMPLE_LOCATION: CSES/CIRES, Univ. of CO, Boulder
ULTIMATE_SAMPLE LOCATION: CSES/CIRES, Univ. of CO, Boulder
SAMPLE_DESCRIPTION:

END_SAMPLE _DESCRIPTION.

XRD_ANALYSIS:

Alunite
Contaminant phases: smectite, quartz, minor amounts.

Kruse, F.A., and P.L. Hauff, eds., 1992, The IGCP-264 Spectral Properties
Database. IUSG/UNESCO, Special Publication, 21lp., (in press).

END_XRD ANALYSIS.

COMPOSITIONAL ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE: None

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

avg gr sz = 15 um

Length fast, lst order grey, sample looks pure but small grain size
prevents determination of optical sign. G. Swayze.
END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: agall@speclab (Andrea J. Gallagher)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 239 0.2-3.0um 200 g.s.= 15 um



- A63 - Alunite HS295

TITLE: Alunite HS295 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: HS295

MINERAL TYPE: Sulfate

MINERAL: Alunite (Alunite group)

FORMULA: KA13(S04)2(OR)6

FORMULA_NROFF: KAl,(S0O,),(OH),

COLLECTION_LOCALITY: Utah

ORIGINAL DONOR: Hunt and Salisbury Collection

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS. Denver Spectroscopy Laboratory

SAMPLE _DESCRIPTION:

Original spectrum published in:

Hunt, G.R., J.W. Salisbury, and C.J. Lenhoff, 1971, Visible and near-
infrared spectra of minerals and rocks: 1IV. Sulphides and sulphates.
Modern Geology, vol. 3, pp 1-14.

With the following comment: "Alunite is white when pure ... This
particular sample 1is pink, presumably because of a small amount of iron
which causes the fall-off in reflectivity toward the blue. No iron bands
are seen in the near-infrared ..."

A spectrum for this sample is also published in:

Clark, R.N., T.V.V. King, M. Klejwa, G. Swayze, and N. Vergo, 1990, High
spectral resolution reflectance spectroscopy of minerals: J. Geophys Res.

95, 12653-12680.

The only sample measured was HS295.3B which was dry sieved to the grain
size interval 74-250 um.

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:
Analysis by Norma Vergo indicates pure Alunite
END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS_TYPE: XRF # XRF, EM(WDS), ICP(Trace), WChem



Alunite AL706
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Alunite HS295 - A64 - Alunite HS295
COMPOSITION: Si02 0.17 wts NROFF: SiO,
COMPOSITION: Tio2: <0.02 wts NROFF: TiO,
COMPOSITION: Al203: 35.6 wts NROFF: Al,0,
COMPOSITION: Fe203: 0.14 wts NROFF: Fe,O,
COMPOSITION: MnO: <0.02 wts NROFF: MnO
COMPOSITION: Mg0: <0.1 wts NROFF: MgO
COMPOSITION: Ca0: <0.02 wt% NROFF: Ca0O
COMPOSITION: Na20: 0.34 wty NROFF: Na,0
COMPOSITION: K20: 10.2 wts NROFF: K,0
COMPOSITION: P205: 0.75 wts NROFF: P,0,
COMPOSITION: LOI: 44.2 wts NROFF: LOI
COMPOSITION: ---c-ccmcacamaccaaanan

COMPOSITION: Total: 91.56 wts

COMPOSITION: O=Cl,F,S: wt$

COMPOSITION: New Total: wts

COMPOSITION_TRACE: None
COMPOSITION_DISCUSSION:

XRF analysis by Foggert, Bartel, and Stewart USGS Branch of Analytic

Chemistry, Denver from:

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared (2.1-
25um) Spectra of Minerals: First Edition, U.S. Geological Survey Open File
Report 87-263.

Sulfur was not included in analysis and probably accounts for the missing
8%.

END_COMPOSITION_DISCUSSION.
MICROSCOPIC_EXAMINATION:
Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared (2.1-

25um) Spectra of Minerals: First Edition, U.S. Geological Survey Open File
Report 87-263.

This reference notes that the sample is slightly pink in color, appears
pure.

av gr sz = 300um

Grains have straight extinction, length fast, uniaxial (+). G. Swayze
END_MICROSCOPIC_EXAMINATION.

DOCUMENTED BY: wcalvin@speclab (Wendy M. Calvin)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment
LIB_SPECTRA: splibO4a r 251 0.2-3.0um 200 g.s.= 300 um
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- A66 - Alunite SUSTDA-20

TITLE: Alunite SUSTDA-20 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: SUSTDA-20

MINERAL TYPE: Sulfate

MINERAL: Alunite (Alunite group)

FORMULA: KA13(S04)2(OH)6

FORMULA_NROFF: KAl,(S0,),(OH),

COLLECTION_LOCALITY: Sulfur, NV

ORIGINAL DONOR: Ron Lyon at Stanford University

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

The sample was sieved to the grain size interval ~<250 pm.

END_ SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

END_XRD ANALYSIS.

COMPOSITIONAL ANALYSIS TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE: None

COMPOSITION_DISCUSSION:

None.

END_COMPOSITION DISCUSSION.

MICROSCOPIC_EXAMINATION:

Pure sample. Clear elongated grains with parallel extinction along
cleavage traces. Also length fast, and of low birefringence. This is all
consistent with alunite.

Avg. grain size = 19um

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: wcalvin@speclab (Wendy M. Calvin)

LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 261 0.2-3.0pm 200 g.s.= 19 um



Alunite SUSTDA-20
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Pyrite S30 - P61 - Pyrite S30

COMPOSITION _TRACE: Ag 25 PpPm
COMPOSITION TRACE: As 750 pPpm
COMPOSITION_TRACE: Au 0.040 ppm
COMPOSITION_TRACE: Cd <10 PpPm
COMPOSITION TRACE: Cr 300 ppm
COMPOSITION TRACE: Cu 800 ppm
COMPOSITION_TRACE: Hg 0.14 ppm
COMPOSITION_TRACE: Mn 5 PpPm
COMPOSITION TRACE: Ni 60 ppm
COMPOSITION_TRACE: Pb

COMPOSITION TRACE: Sb <25 ppm
COMPOSITION TRACE: Se <25 ppm
COMPOSITION TRACE: Te 0.11 ppm
COMPOSITION TRACE: T1 <0.2 ppm
COMPOSITION_TRACE: V 25 ppm
COMPOSITION_TRACE: Zn 150 Ppm

COMPOSITION_DISCUSSION:

Mode wtd
Gal 5.5
Sph
Cpy
Py 84.0
Qtz 10.5

Assay wt$
Cu 0.10
Fe 39.20
Pb 4.77
Zn 0.02
S 41.7

For specific sample information refer to the following reference:
Friedman, Jules D., Mutschler, Felix E., Zartman, Robert E., Briggs, Paul
H., Swayze, Gregg A., Theisen, Arnold F., 1989, Shawangunk Ore District,
New York: Geochemical and Spectral Data, U.S. Geological Survey Open
File Report 89-193.

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END MICROSCOPIC_EXAMINATION.

DOCUMENTED BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4039 0.2-3.0um 200 g.5.=
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- P63 - Pyrope WS474
TITLE: Pyrope WS474 DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE_ID: WS474
MINERAL TYPE: Nesosilicate
MINERAL: Pyrope (Garnet group)
FORMULA: Mg3Al2(Si04)3
FORMULA NROFF: Mg.,Al,(Si0,),
COLLECTION_LOCALITY: Navajo Reservation, Arizona
ORIGINAL DONOR: Ward Science Collection
CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE DESCRIPTION:
Forms series with Almandine and with Knorringite.
END_SAMPLE DESCRIPTION.
XRD_ANALYSIS:

END_XRD_ANALYSIS.

COMPOSITIONAL_ANALYSIS_TYPE: EM(WDS) # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION: §i02: 35.855 wts NROFF: §i0,
COMPOSITION: Tio2: 0.033 wts NROFF:. TioO,
COMPOSITION: Al203: 0.085 wts NROFF: Al,O,
COMPOSITION: Cr203: 0.011 wts NROFF: Cr,0,
COMPOSITION: V203: 0.011 wts NROFF: V.0,
COMPOSITION: FeO: 30.817 wt% NROFF: FeO
COMPOSITION: Nio: 0.014 wts NROFF: NiO
COMPOSITION: MnO: 0.676 wt% NROFF: MnO
COMPOSITION: MgO: 0.041 wts NROFF: MgO
COMPOSITION: Ca0: 33.509 wts NROFF: CaO
COMPOSITION: --v-eccemcmmcmcccccnn-

COMPOSITION: Total: 101.06 wt%

COMPOSITION_TRACE:
COMPOSITION_DISCUSSION:
END_COMPOSITION_DISCUSSION.
MICROSCOPIC_EXAMINATION:
END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
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LIB_SPECTRA_HED: where Wave Range Av Rs Pur Comment

LIB_SPECTRA: splibO4a r 4049 0.2-3.0um 200 g.s.=
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- P66 - Pyrophyllite PYS1lA
TITLE: Pyrophyllite PYS1A DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE_ID: PYS1A GDS29
MINERAL_TYPE: Phyllosilicate
MINERAL: Pyrophyllite
FORMULA: A12Si4010(OH)2
FORMULA_NROFF: Al,S1,0,,(OH),
COLLECTION_LOCALITY: Staley, NC
ORIGINAL DONOR: Bruce Hemingway
CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE DESCRIPTION:

Hand samples are clusters of white radiating acicular crystals which
appear pure.

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared (2.1-
25pum) Spectra of Minerals: First Edition, U.S. Geological Survey Open File
Report 87-263.

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

Pure pyrophyllite.

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared (2.1-
25um) Spectra of Minerals: First Edition, U.S. Geological Survey Open File
Report 87-263.

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS TYPE: XRF # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION: Si02: 66.32 wts NROFF: SiO,
COMPOSITION: Tio2: 0.01 wts NROFF: TiO,
COMPOSITION: A1203: 28.27 wts NROFF: Al,0,
COMPOSITION: Fe203: 0.32 wts NROFF: Fe,O,
COMPOSITION: FeO: 0.03 wts NROFF: FeO
COMPOSITION: MgO: 0.07 wtg NROFF: MgO
COMPOSITION: Na20: 0.05 wts NROFF: Na,0
COMPOSITION: K20: 0.02 wts NROFF: K,0 .
COMPOSITION: H20+: 4.94 wts NROFF: H,0
COMPOSITION: --cvv-cmccccaccoaanan-

COMPOSITION: Total: 100.03 wt%

COMPOSITION TRACE:



Pyrophyllite PYS1A - P67 - Pyrophyllite PYS1A
COMPOSITION _DISCUSSION:

See additional discussion in:

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared (2.1-
25um) Spectra of Minerals: First Edition, U.S. Geological Survey Open File
Report 87-263.

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: tking@speclab (Trude V.V. King)

LIB_SPECTRA HED: where Wave Range Av_Rs_Pwr Comment

LIB SPECTRA: splibO4a r 4060 0.2-3.0um 200 g.s.= 25um
LIB_SPECTRA: splibO4a r 4071 0.2-3.0um 200 g.s.=125um
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- P70 - Pyrophyllite SU1421

TITLE: Pyrophyllite SU1421 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: SU1l421

MINERAL _TYPE: Phyllosilicate

MINERAL: Pyrophyllite

FORMULA: A12S14010(0H)2

FORMULA NROFF: Al,81,0,,(0H),

COLLECTION_LOCALITY:

ORIGINAL DONOR: Ron Lyons, Stanford University
CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE_DESCRIPTION:

END_SAMPLE_DESCRIPTION.

XRD ANALYSIS:

END_XRD_ ANALYSIS.

COMPOSITIONAL_ANALYSIS TYPE: XRF # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

END_COMPOSITION DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: tking@speclab (Trude V.V. King)
LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 4081 0.2-3.0um 200



- A68 - Ammonioalunite NMNH145596

TITLE: Ammonioalunite NMNH145596 DESCRIPT
DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: NMNH145596

MINERAL TYPE: Sulfate

MINERAL: Ammonioalunite

FORMULA: NH4A13(S04)2(OH)6

FORMULA NROFF: NH,Al,(S0,),(OH),

COLLECTION_LOCALITY:

ORIGINAL DONOR: National Museum of Natural History
CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE DESCRIPTION:

The sample is a physical mixute of ammoniocalunite, ammoniojarosite and
amorphous silica. Grains for the spectrum were hand-picked by G. Swayze.

The spectrum shows beautiful ammonium bands in the 2-2.2 um region. There
are weak bands due to Jarosite at 0.6, 0.9, and 2.26 um.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:
END_XRD_ANALYSIS.

COMPOSITIONAL_ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE: None

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED BY: agall@speclab (Andrea J. Gallagher)

LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 271 0.2-3.0pm 200 g.s.=
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- P72 -

TITLE: Pyroxene HS119 DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE_ID: HS119

MINERAL TYPE: Inosilicate

MINERAL: Augite (Pyroxene group)

Pyroxene HS119

FORMULA: (Ca,Mg,Fe2+,Fe3+,Ti,A1)2(Si,A1)206

FORMULA_NROFF: (Ca,Mg,Fe?*,Fe, Ti,Al),(Si,Al),0,

COLLECTION_LOCALITY: Oaxaca, Mexico

ORIGINAL DONOR: Hunt and Salisbury Collection

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory

ULTIMATE_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

"I-4 Augite 119B-Oaxaca, Mexico.
Al),0,:  Augite
and 1is particularly
frequently, in intermediate

(Ca,
is an important ferromagnesian mineral of igneous rocks,
common in basic
and ultrabasic

Mg, Fe2?+, Fe3*, Ti, Al),(Si,

but less
spectrum is

rocks. It
rocks.

occurs,
The

dominated by both Fe?* and Fe3* absorptions, which produce a very general

broad band centered near 1.0u.

The faint bands near 2.3u are probably due

to hydroxyl combinations even though the 1.4y band is indiscernible."

Sieve interval 74 - 250um.

Hunt, G.R., J.W.
infrared spectra
Modern Geology, v.

of minerals and
4, p. 85-106.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:
END XRD ANALYSIS.

COMPOSITIONAL ANALYSIS_TYPE: None
COMPOSITION TRACE:

COMPOSITION DISCUSSION:
END_COMPOSITION DISCUSSION.
MICROSCOPIC_EXAMINATION:

Mode:
100 volg Clinopyroxene

Salisbury, and C.J.

Lenhoff, 1973,
rocks: VI.

Visible and near-
Additional silicates.

# XRF, EM(WDS), ICP(Trace), WChem

tr Calcite (fizz with HC1)



Pyroxene HS119 - P73 - Pyroxene HS119

tr Plagioclase?

bimodal grain size:
mode 1: 270pm @ 99 vols
mode 2: 7um @ 1 vols
avg grain size = 270 pm Smaller grains coat 20% area lg grains

Prismatic grains have two cleavages at nearly 90 deg angles, inclined
extinction, slight green-blue pleochroism, 2V= 70-85 deg, biaxial (+),
twinning, length slow. All these properties are consistent with this
sample being a clinopyroxene (either augite, omphacite, or fassaite). G.
Swayze.
END_MICROSCOPIC_EXAMINATION.
DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4092 0.2-3.0um 200 g-s.= 270um
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- P75 - Pyrrhotite HS269

TITLE: Pyrrhotite HS269 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: HS269

MINERAL_TYPE: Sulfide

MINERAL: Pyrrhotite (Nickeliferous)

FORMULA: Fel-xS

FORMULA_NROFF: Fe,_ .S

COLLECTION_LOCALITY: Ontario

ORIGINAL DONOR: Hunt and Salisbury Collection

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

"SS-20. Pyrrhotite. Ontario (269B). Pyrrhotite, Fe, , S, is a common
accessory mineral of igneous rocks, particularly basic ones. It is often
found in high temperature veins and occasionally in pegmatities. It
occurs in large masses associated with other sulphides, especially nickel
suphides, of uncertain origin. This sample is nickeliferous, containing a
small amount of pentlandite (?), together with a very small amount of
anhydrite. It diplays opaque and spectrally featureless behavior
throughout this spectral range."

Sieve interval 74 - 250um.

Hunt, G.R., J.W. Salisbury, and C.J. Lenhoff, 1971, Visible and near-
infrared spectra of minerals and rocks: 1IV. Sulphides and sulphates.
Modern Geology, v. 3, p. 1l-14,

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

END_COMPOSITION DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)



Pyrrhotite HS269 - P76 - Pyrrhotite HS269

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4103 0.2-3.0pm 200 g.s.=
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The U. S. Geological Survey, Digital
Spectral Library:
Version 1: 0.2 to 3.0 um

Roger N. Clark, Gregg A. Swayze, Andrea J. Gallagher,

Trude V.V. King, and Wendy M. Calvin

U.S. Geological Survey

Open File Report 93-592

1993
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Volume 4: Q - Z, Plants



- PLANT1 - Aspen_Leaf-A DW92-2

TITLE: Aspen_Leaf-A DW92-2 DESCRIPT

DOCUMENTATION_FORMAT: PLANT

SAMPLE_ID: DW92-2

PLANT TYPE: Tree

PLANT: Aspen

LATIN _NAME: Populous tremuloides

COLLECTION_LOCALITY: Denver West Office Complex, Golden, CO
ORIGINAL DONOR:

SAMPLE DESCRIPTION:

Fresh leaf from tree, 1 thick over deep black sample holder. Average of 3
spectra

END_SAMPLE_DESCRIPTION.

COMPOSITIONAL_ANALYSIS_TYPE:

COMPOSITION: Cellulose: wtg
COMPOSITION: Lignin: wt$
COMPOSITION: Chlorophyll A: wte
COMPOSITION: Chlorophyll B: wtg
COMPOSITION: Nitrogen: wts

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

TRACE_ELEMENT ANALYSIS:

TRACE_ELEMENT DISCUSSION:

END_TRACE_ELEMENT_ DISCUSSION.

DOCUMENTED_BY: agall@speclab (Andrea J. Gallagher)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 5212 0.2-3.0pm 200
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- PLANT3 - Aspen_Leaf-B DW92-3
TITLE: Aspen_Leaf-B DW92-3 DESCRIPT
DOCUMENTATION_FORMAT: PLANT
SAMPLE_ID: DW92-3
PLANT_TYPE: Tree
PLANT: Aspen
LATIN_NAME: Populous tremuloides
COLLECTION_LOCALITY: Denver West Office Complex, Golden, CO
ORIGINAL DONOR:
SAMPLE_DESCRIPTION:

Fresh leaf from tree, 1 thick over deep black sample holder. Average of 3
spectra

END_SAMPLE_DESCRIPTION.

COMPOSITIONAL ANALYSIS_TYPE:

COMPOSITION: Cellulose: wts
COMPOSITION: Lignin: wts
COMPOSITION: Chlorophyll A: wt$
COMPOSITION: Chlorophyll B: wt$
COMPOSITION: Nitrogen: wtg

COMPOSITION DISCUSSION:

END_COMPOSITION DISCUSSION.

TRACE_ELEMENT ANALYSIS:

TRACE_ELEMENT DISCUSSION:

END_TRACE_ELEMENT DISCUSSION.

DOCUMENTED BY: agall@speclab (Andrea J. Gallagher)
LIB_SPECTRA HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 5221 0.2-3.0pm 200



Aspen_Leaf-B DW92-3

- PLANT4 -

6ET00D33 ¥teS2S J eyoqyids  Le:vv 2883/%2/80 434 Sav egidiM

(W) HLINIIIAVM

€-26M0 g-jeaT uadsy

0°€ S e 0'2 G 7 07 G0 .
l-d L} |} ' L) — L |} i 1 — 1} | J L} — L L L — ! L] ] — ¥ 1 dl. O O
— —H 10
N _

— —H 2o
— — €0
= -

- i

— .

— 2
l— 1 [ | - | — [ [] ] 1 b | I | | S | — 1 i 1 i — ] ] L — 1 1 -I..

1N €2 €0 EBBY/ST/0%
qe] AdoasouJ3deds Jeausq ‘AsAung [edatB0T0es °§ ‘N

3ONV13037143Y



- PLANTS5 -
TITLE: Blackbrush ANP92-9A DESCRIPT
DOCUMENTATION FORMAT: PLANT
SAMPLE_ID: ANP92-9A
PLANT TYPE: Shrub
PLANT: Blackbrush

LATIN NAME: Coleogyne ramosissima

Blackbrush ANP92-9A

COLLECTION_LOCALITY: Salt Valley, Arches National Park, UT

ORIGINAL DONOR:

SAMPLE DESCRIPTION:

Green leaves and flowers.
END_SAMPLE _DESCRIPTION.
COMPOSITIONAL ANALYSIS TYPE:
COMPOSITION: Cellulose:
COMPOSITION: Lignin:
COMPOSITION: Chlorophyll A:
COMPOSITION: Chlorophyll B:
COMPOSITION: Nitrogen:
COMPOSITION_DISCUSSION:
END_COMPOSITION_DISCUSSION.
TRACE_ELEMENT_ ANALYSIS:
TRACE_ELEMENT DISCUSSION:

END_TRACE_ELEMENT DISCUSSION.

DOCUMENTED BY: agall@speclab (Andrea J. Gallagher)

LIB_SPECTRA HED: where Wave Range Av Rs Pwr

wt$
wtg
wt$
wtg
wt$

LIB_SPECTRA: splibO4a r 5230 0.2-3.0um

Comment
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- PLANT7 - Blue_Spruce DW92-5
TITLE: Blue_Spruce DW92-5 DESCRIPT
DOCUMENTATION_FORMAT: PLANT
SAMPLE_ID: DW92-5
PLANT TYPE: Tree
PLANT: Blue Spruce
LATIN_NAME:
COLLECTION_LOCALITY: Denver West Office Complex, Golden, CO
ORIGINAL _DONOR:
SAMPLE DESCRIPTION:
Fresh Blue spruce needles, cut from branch. New growth only.
END_SAMPLE_DESCRIPTION.

COMPOSITIONAL ANALYSIS_TYPE:

COMPOSITION: Cellulose: wts
COMPOSITION: Lignin: wt$g
COMPOSITION: Chlorophyll A: wt$
COMPOSITION: Chlorophyll B: wtg
COMPOSITION: Nitrogen: wt$

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

TRACE_ELEMENT ANALYSIS:

TRACE_ELEMENT DISCUSSION:

END_TRACE_ELEMENT DISCUSSION.

DOCUMENTED_BY: agall@speclab (Andrea J. Gallagher)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 5239 0.2-3.0um 200



Blue_Spruce DW92-5

BET0dD3I3 6ESS 4 epoqrIds  e0:v 2883/72/80 d434 sgv egiHiM alpasau g-geMa 8dnudg anig

(W) HLI9ONIIAVM
G°'7T 0°'7 G'0

G°'c 0°'¢c

in €2 ‘€0 €86%/9¥/0%

qen) Adodsoujoedg Jeaueg

‘Asaung teatBoTO0Ne °S °'N

3ONV10371434



- PLANTY9 - Cheatgrass ANP92-11A

TITLE: Cheatgrass ANP92-11A DESCRIPT

DOCUMENTATION_FORMAT: PLANT
SAMPLE_ID: ANP92-11A
PLANT_TYPE: Grass

PLANT: Cheatgrass

LATIN NAME: Bromus tectorum

COLLECTION_LOCALITY: Arches National Park, UT

ORIGINAL_DONOR:
SAMPLE_DESCRIPTION:

Dry leaves, stems and seeds
END_SAMPLE_DESCRIPTION.
COMPOSITIONAL ANALYSIS TYPE:
COMPOSITION: Cellulose:
COMPOSITION: Lignin:
COMPOSITION: Chlorophyll A:
COMPOSITION: Chlorophyll B:
COMPOSITION: Nitrogen:
COMPOSITION_DISCUSSION:
END_COMPOSITION DISCUSSION.
TRACE_ELEMENT ANALYSIS:

TRACE_ELEMENT DISCUSSION:

END TRACE ELEMENT DISCUSSION.

wtg
wtg
wtg
wt$
wt$

DOCUMENTED_BY: agall@speclab (Andrea J. Gallagher)

LIB_SPECTRA_HED: where

LIB_SPECTRA: splibO4a r 5248

Wave Range Av_Rs Pwr Comment

0.2-3.0um 200
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- PLANT11 - Dry_Long_Grass AV87-2

TITLE: Dry_Long_Grass AV87-2 (Brown) DESCRIPT
DOCUMENTATION_FORMAT: PLANT

SAMPLE_1ID: AV87-2

PLANT TYPE: Grass

PLANT: Dry Long Grass

LATIN_NAME:

COLLECTION_LOCALITY: Canon City, Colorado
ORIGINAL_DONOR:

SAMPLE _DESCRIPTION:

Dry long grass from the Pierre shale. Collected early August.
END_SAMPLE_DESCRIPTION.

COMPOSITIONAL_ANALYSIS TYPE:

COMPOSITION: Cellulose: wts
COMPOSITION: Lignin: wts
COMPOSITION: Chlorophyll A: wts
COMPOSITION: Chlorophyll B: wts
COMPOSITION: Nitrogen: wts

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

TRACE ELEMENT ANALYSIS:

TRACE_ELEMENT DISCUSSION:

END_TRACE_ELEMENT DISCUSSION.

DOCUMENTED_BY: agall@speclab (Andrea J. Gallagher)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 5257 0.2-3.0um 200
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- A70 - Ammonium Chloride GDS77

TITLE: Ammonium Chloride GDS77 DESCRIPT
DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: GDS77

MINERAL_TYPE: Chloride

MINERAL: Ammonium Chloride

FORMULA: NH4Cl

FORMULA_NROFF: NH,Cl

COLLECTION_LOCALITY: Baker Analyzed Reagent

ORIGINAL DONOR: Baker Chemical

CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:
END_SAMPLE _DESCRIPTION.

XRD_ANALYSIS:

END_XRD_ ANALYSIS.

COMPOSITIONAL_ANALYSIS TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE: None

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_ EXAMINATION:

END MICROSCOPIC_ EXAMINATION.

DOCUMENTED_BY: agall@speclab (Andrea J. Gallagher)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 281 0.2-3.0um 200 g.s.=



- PLANT13 - Fir_Tree IH91-2
TITLE: Fir_Tree IH91-2 DESCRIPT
DOCUMENTATION_FORMAT: PLANT
SAMPLE ID: IH91-2
PLANT TYPE: Tree
PLANT: Fir Tree
LATIN NAME: Abies lasiocarpa (?)
COLLECTION_LOCALITY: Iron Hill, Colorado
ORIGINAL DONOR: Larry Rowan and Jim Crowley, USGS Reston
SAMPLE DESCRIPTION:
Weighted average of needles and woody material.
END_SAMPLE_DESCRIPTION.

COMPOSITIONAL_ ANALYSIS_TYPE:

COMPOSITION: Cellulose: wts
COMPOSITION: Lignin: wts
COMPOSITION: Chlorophyll A: wt$
COMPOSITION: Chlorophyll B: wts
COMPOSITION: Nitrogen: wt$

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

TRACE_ELEMENT ANALYSIS:

TRACE_ELEMENT DISCUSSION:

END_TRACE_ELEMENT DISCUSSION.

DOCUMENTED BY: agall@speclab (Andrea J. Gallagher)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 5266 0.2-3.0pm 200



Fir Tree IH91-2

- PLANT14 -
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- PLANT15 -
TITLE: Juniper_Bush IH91-4B DESCRIPT
DOCUMENTATION_FORMAT: PLANT
SAMPLE ID: IH91-4B
PLANT TYPE: Shrub
PLANT: Juniper
LATIN_NAME:
COLLECTION_LOCALITY: Iron Hill, CO
ORIGINAL DONOR:
SAMPLE_DESCRIPTION:

Juniper bush with berries
Needles, stem and berries run

END_SAMPLE_DESCRIPTION.

COMPOSITIONAL_ANALYSIS TYPE:

COMPOSITION: Cellulose: wts
COMPOSITION: Lignin: wts
COMPOSITION: Chlorophyll A: wts
COMPOSITION: Chlorophyll B: wts
COMPOSITION: Nitrogen: wts

COMPOSITION_DISCUSSION:

END_COMPOSITION DISCUSSION.

TRACE_ELEMENT ANALYSIS:

TRACE_ELEMENT DISCUSSION:

END_TRACE_ELEMENT DISCUSSION.

DOCUMENTED BY: agall@speclab (Andrea J. Gallagher)
LIB_SPECTRA HED: where Wave Range Av_Rs_Pwr

LIB_SPECTRA: splibO4a r 5276 0.2-3.0um 200

Juniper Bush IH91-4B

Comment



Juniper_ Bush IH91-4B
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- PLANT17 - Lawn_Grass GDS91
TITLE: Lawn_Grass GDS91 DESCRIPT
DOCUMENTATION_FORMAT: PLANT
SAMPLE_ID: GDS91
PLANT TYPE: Grass
PLANT: Lawn Grass
LATIN NAME:
COLLECTION_LOCALITY: Denver West Building #2, Golden, CO
ORIGINAL DONOR:
SAMPLE DESCRIPTION:
Generic lawn grass. Run immediately after picking.
END_SAMPLE DESCRIPTION.

COMPOSITIONAL ANALYSIS TYPE:

COMPOSITION: Cellulose: wtg
COMPOSITION: Lignin: wtd
COMPOSITION: Chlorophyll A: wtd
COMPOSITION: Chlorophyll B: wtg
COMPOSITION: Nitrogen: wtE

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

TRACE_ELEMENT ANALYSIS:

TRACE_ELEMENT DISCUSSION:

END_TRACE_ELEMENT DISCUSSION.

DOCUMENTED BY: agall@speclab (Andrea J. Gallagher)
LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 5286 0.2-3.0pm 200



Lawn Grass GDS91

- PLANT18 -
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- PLANT19 - Maple_Leaves DW92-1
TITLE: Maple_Leaves DW92-1 DESCRIPT
DOCUMENTATION_ FORMAT: PLANT
SAMPLE_ID: Dw92-1
PLANT_TYPE: Tree
PLANT: Maple
LATIN NAME: Acer (unknown species)
COLLECTION_LOCALITY: Denver West Office Complex, Golden, CO
ORIGINAL_DONOR:
SAMPLE DESCRIPTION:

Fresh leaves from tree, three thick over a deep black sample
holder.

END_SAMPLE DESCRIPTION.

COMPOSITIONAL ANALYSIS_TYPE:

COMPOSITION: Cellulose: wtd
COMPOSITION: Lignin: wts
COMPOSITION: Chlorophyll A: wt$
COMPOSITION: Chlorophyll B: wtd
COMPOSITION: Nitrogen: wt$

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

TRACE_ELEMENT ANALYSIS:

TRACE_ELEMENT DISCUSSION:

END TRACE_ELEMENT DISCUSSION.

DOCUMENTED_BY: agall@speclab (Andrea J. Gallagher)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 5295 0.2-3.0um 200 g.5.=



Maple_Leaves DW92-1
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- PLANT21 - Pinon_Pine ANP92-14A
TITLE: Pinon_Pine ANP92-14A DESCRIPT
DOCUMENTATION_FORMAT: PLANT
SAMPLE ID: ANP92-14A
PLANT_TYPE: Tree
PLANT: Pinon Pine
LATIN_NAME: Pinus edulis
COLLECTION_LOCALITY: Arches National Park, UT
ORIGINAL_DONOR:
SAMPLE_DESCRIPTION:
Green needles with correct percentage of new growth.
END_SAMPLE_DESCRIPTION.

COMPOSITIONAL_ANALYSIS_TYPE:

COMPOSITION: Cellulose: wts
COMPOSITION: Lignin: wth
COMPOSITION: Chlorophyll A: wts
COMPOSITION: Chlorophyll B: wts
COMPOSITION: Nitrogen: wth

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

TRACE_ELEMENT ANALYSIS:

TRACE_ELEMENT DISCUSSION:

END TRACE_ELEMENT DISCUSSION.

DOCUMENTED BY: agall@speclab (Andrea J. Gallagher)
LIB_SPECTRA HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splib0O4a r 5304 0.2-3.0um 200



Pinon_Pine ANP92-14A
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Ammonium Chloride GDS77

- A71 -
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- PLANT23 - Rabbitbrush ANP92-27
TITLE: Rabbitbrush ANP92-27 DESCRIPT
DOCUMENTATION_ FORMAT: PLANT
SAMPLE ID: ANP92-27
PLANT TYPE: Shrub
PLANT: Rubber Rabbitbrush
LATIN_NAME: Chrysothamnus nauseosus
COLLECTION_LOCALITY: Arches National Park, UT
ORIGINAL_ DONOR:
SAMPLE DESCRIPTION:
Whole plant
END_SAMPLE DESCRIPTION.

COMPOSITIONAL ANALYSIS_TYPE:

COMPOSITION: Cellulose: wts
COMPOSITION: Lignin: wtd
COMPOSITION: Chlorophyll A: wtd
COMPOSITION: Chlorophyll B: wtg
COMPOSITION: Nitrogen: wts

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

TRACE_ELEMENT_ANALYSIS:

TRACE_ELEMENT_DISCUSSION:

END_TRACE_ELEMENT DISCUSSION.

DOCUMENTED BY: agall@speclab (Andrea J. Gallagher)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 5313 0.2-3.0um 200



Rabbitbrush ANP92-27
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- PLANT25 - Russian Olive DW92-4

TITLE: Russian_Olive DW92-4 DESCRIPT
DOCUMENTATION_FORMAT: PLANT

SAMPLE_ID: DW92-4

PLANT TYPE: Tree

PLANT: Russian Olive

LATIN_NAME:

COLLECTION_LOCALITY: Denver West Office Complex,
ORIGINAL DONOR:

SAMPLE_DESCRIPTION:

Fresh leaves, stacked two on bottom, one on top, over a deep black
sample cup.

END_SAMPLE_DESCRIPTION.

COMPOSITIONAL ANALYSIS TYPE:

COMPOSITION: Cellulose: wtg
COMPOSITION: Lignin: wt$
COMPOSITION: Chlorophyll A: wts
COMPOSITION: Chlorophyll_ B: wt$
COMPOSITION: Nitrogen: wt$

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

TRACE_ELEMENT ANALYSIS:

TRACE_ELEMENT DISCUSSION:

END_TRACE_ELEMENT_DISCUSSION.

DOCUMENTED_BY: agall@speclab (Andrea J. Gallagher)
LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 5322 0.2-3.0um 200



Russian Olive DW92-4
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- PLANT27 - Sage_Brush IH91-1B

TITLE: Sage_Brush IH91-1B DESCRIPT
DOCUMENTATION_FORMAT: PLANT

SAMPLE ID: IH91-1B

PLANT TYPE: Shrub

PLANT: Sage Brush

LATIN NAME:

COLLECTION_LOCALITY: Iron Hill, CO
ORIGINAL DONOR: Larry Rowan and Jim Crowley
SAMPLE_DESCRIPTION:

Leaves cut from stem with profile sideways and cut woody stems run side
profile. Weighted average of two spectra.

END_SAMPLE DESCRIPTION.

COMPOSITIONAL ANALYSIS_TYPE:

COMPOSITION: Cellulose: wtg
COMPOSITION: Lignin: wtg
COMPOSITION: Chlorophyll A: wts
COMPOSITION: Chlorophyll B: wtg
COMPOSITION: Nitrogen: wt$

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

TRACE_ELEMENT_ ANALYSIS:

TRACE_ELEMENT_DISCUSSION:

END_TRACE_ELEMENT DISCUSSION.

DOCUMENTED_BY: agall@speclab (Andrea J. Gallagher)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 5331 0.2-3.0um 200



Sage Brush IH91-1B
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- PLANT29 - Saltbrush ANP92-31A

TITLE: Saltbrush ANP92-31A DESCRIPT
DOCUMENTATION_ FORMAT: PLANT

SAMPLE ID: ANP92-31A

PLANT TYPE: Shrub

PLANT: Garrett Saltbrush

LATIN NAME: Atriplex garrettii
COLLECTION_LOCALITY: Arches National Park, UT
ORIGINAL_DONOR:

SAMPLE DESCRIPTION:

Green leaves. From Mancos shale near Wolf Ranch.
END_SAMPLE DESCRIPTION.

COMPOSITIONAL ANALYSIS TYPE:

COMPOSITION: Cellulose: wt$
COMPOSITION: Lignin: wt$
COMPOSITION: Chlorophyll A: wts
COMPOSITION: Chlorophyll B: wts
COMPOSITION: Nitrogen: wt$

COMPOSITION DISCUSSION:

END_COMPOSITION_DISCUSSION.

TRACE_ELEMENT_ANALYSIS:

TRACE_ELEMENT DISCUSSION:

END_TRACE_ELEMENT_ DISCUSSION.

DOCUMENTED_BY: agall@speclab (Andrea J. Gallagher)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 5341 0.2-3.0pm 200



Saltbrush ANP92-31A
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- PLANT31 - Tumbleweed ANP92-2C
TITLE: Tumbleweed ANP92-2C DESCRIPT
DOCUMENTATION FORMAT: PLANT
SAMPLE _ID: ANP92-2C
PLANT_TYPE: Shrub
PLANT: Tumbleweed
LATIN_NAME: Salsola iberica
COLLECTION_LOCALITY: Arches National Park, UT
ORIGINAL DONOR:
SAMPLE_DESCRIPTION:
Dried tumbleweed
END_SAMPLE DESCRIPTION.

COMPOSITIONAL ANALYSIS TYPE:

COMPOSITION: Cellulose: wt%
COMPOSITION: Lignin: wtg
COMPOSITION: Chlorophyll A: wt$g
COMPOSITION: Chlorophyll B: wtg
COMPOSITION: Nitrogen: wt$

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

TRACE_ELEMENT ANALYSIS:

TRACE_ELEMENT DISCUSSION:

END TRACE ELEMENT DISCUSSION.

DOCUMENTED_BY: agall@speclab (Andrea J. Gallagher)
LIB_SPECTRA HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 5350 0.2-3.0um 200



Tumbleweed ANP92-2C
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- A72 -
TITLE: Ammonio-jarosite SCR-NHJ DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE ID: SCR-NHJ
MINERAL TYPE: Sulfate
MINERAL: Ammoniojarosite (Alunite group)
FORMULA: (NH4)(Fe+3)3(S04)2(OH)6
FORMULA_NROFF: (NH,)Fe*3,(S0,),(OH),
COLLECTION_LOCALITY:
ORIGINAL DONOR:
CURRENT_SAMPLE_LOCATION:
ULTIMATE SAMPLE LOCATION:

SAMPLE_DESCRIPTION:

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:
END_XRD_ANALYSIS.
COMPOSITIONAL_ANALYSIS_TYPE: None
COMPOSITION_TRACE: None
COMPOSITION DISCUSSION:
END_COMPOSITION DISCUSSION.
MICROSCOPIC_EXAMINATION:

END MICROSCOPIC_EXAMINATION.

Ammonio-jarosite SCR-NHJ

# XRF, EM(WDS), ICP(Trace), WChem

DOCUMENTED_BY: agall@speclab (Andrea J. Gallagher)

LIB_SPECTRA_HED: where Wave Range Av _Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 291 0.2-3.0pm

200 g.5.=



- PLANT33 -
TITLE: Walnut_Leaf SUN DESCRIPT
DOCUMENTATION_FORMAT: PLANT
SAMPLE_ID: SUN
PLANT _TYPE: Tree
PLANT: Walnut

LATIN_NAME: Juglans regia

Walnut_Leaf SUN

COLLECTION_LOCALITY: Davis, California (Susan Ustin's backyard)

ORIGINAL DONOR: Susan Ustin
SAMPLE DESCRIPTION:

Green healthy leaves from the sunny side
spectra

END_SAMPLE_DESCRIPTION.
COMPOSITIONAL ANALYSIS_TYPE:
COMPOSITION: Cellulose:
COMPOSITION: Lignin:
COMPOSITION: Chlorophyll A:
COMPOSITION: Chlorophyll B:
COMPOSITION: Nitrogen:
COMPOSITION_DISCUSSION:
END_COMPOSITION_ DISCUSSION.
TRACE_ELEMENT ANALYSIS:
TRACE_ELEMENT DISCUSSION:

END_TRACE_ELEMENT DISCUSSION.

DOCUMENTED_BY: agall@speclab (Andrea J. Gallagher)

of the

wtg
wtg
wts
wtd
wtg

Average of 5

LIB_SPECTRA HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 5359  0.2-3.0um



Walnut Leaf SUN
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- Q1 - Quartz HS117

TITLE: Quartz HS11l7 Aventurine DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE _ID: HS117

MINERAL TYPE: Tectosilicate

MINERAL: Quartz

FORMULA: Si02

FORMULA_NROFF: SiO,

COLLECTION_LOCALITY: India

ORIGINAL DONOR: Hunt and Salisbury collection

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE_DESCRIPTION:

"S-18C. Aventurine Quartz. India (117B). Aventurine quartz is a rare
variety that has brilliant scales of mica or hematite distributed within
it. This particular sample has mica inclusions, as can be seen by
comparing the hydroxyl bands near 1.4y and between 2.2 and 2.6y with those
of muscovite. The very strong band near 0.6 is not due to the muscovite.
We do not know the origin of this band. Some blue quartz which has been
analyzed yields Fe,0, (0.5%) and small amounts of TiO, as impurities. A
band has been observed in some blue Beryls at 0.62u, but its origin has
been attributed to Fe*? in axial channels, and definitely not to Fe*? or
Fe*3 in the Si tetrahedral site."

Sieve interval 74 - 250um.

Hunt, G.R., J.W. Salisbury, 1970, Visible and near-infrared spectra of
minerals and rocks: I. Silicate minerals. Modern Geology, v. 1, p.

283-300.

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

None

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:



Quartz HS117 - Q - Quartz HS117
END_COMPOSITION DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 4113 0.2-3.0pm 200 g.5.=
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- Q4 - Quartz GDS31
TITLE: Quartz GDS31 DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE_ID: GDS31
MINERAL TYPE: Tectosilicate
MINERAL: Quartz
FORMULA: Si02
FORMULA_NROFF: S§iO,
COLLECTION_LOCALITY: Brazil
ORIGINAL DONOR: Bruce Hemingway
CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE_DESCRIPTION:
Polymorphous with Tridymite, Cristobalite, Coesite and Stishovite.
Quartz (Si0,) is an important constituent of igneous rocks which have an
excess o0f silica, such as granite, rhyolite or pegmatite. Because it is
extremely resistant to both mechanical and chemical attack, it usually
survives the weathering process. Quartz is an extremely difficult mineral
to grind without contamination, because of its hardness.
"Results of petrographic examination: Hand sample appears entirely pure,
being a clear and transparent fragment of a single crystal. Under
petrographic microscope, sample also pure and clear."
Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25um) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.
END_SAMPLE_DESCRIPTION.
XRD_ANALYSIS:

Pure quartz. (Jack Salibury)
Pure quartz. (Norma Vergo)

END_XRD_ANALYSIS.
COMPOSITIONAL ANALYSIS_TYPE: # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION DISCUSSION:

Results of XRF or other compositional analysis: Essentially pure SiO,
within the limits of microprobe error.



Quartz GDS31 - Q5 - Quartz GDS31
Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25pum) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

Colorless transparent. No contamination visually apparent.
END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range AV_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 4124 0.2-3.0pm 200 g.s.=



Quartz GDS31
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- Q7 - Quartz HS32
TITLE: Quartz HS32 DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE_ID: HS32
MINERAL_TYPE: Tectosilicate
MINERAL: Quartz
FORMULA: Si02
FORMULA_NROFF: SiO,
COLLECTION_LOCALITY: Rock Springs, Arkansas
ORIGINAL_DONOR: Hunt and Salisbury Collection
CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE _SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE _DESCRIPTION:
This particular sample is a very pure variety of clear cyrstal quartz, and
careful grinding has produced a sample with very high reflectivity and
almost devoid of spectral features. There are only two very weak features
at 2.3 and 2.5um in the finest grain sizes. Because there are no bands at
1.4pm or 1.9um, these features cannot be attributed to water or hydroxyl
groups in the quartz. The cross-overs of the two very fine grain sizes
with the others is not significant.
Hunt, G.R., J.W. Salisbury, 1970, Visible and near-infrared spectra of
minerals and rocks: I. Silicate minerals. Modern Geology, v. 1, p.
283-300.
Sieve interval 74-250um.
Results of petrographic examination: Crystal clear quartz.
Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25um) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.
END_SAMPLE_DESCRIPTION.
XRD_ANALYSIS:
Pure. (Norma Vergo)
Pure quartz.
Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25um) Spectra of Minerals: First Edition, U.S. Geological
Survey Open File Report 87-263.

END_XRD ANALYSIS.



Quartz HS32 - Q8 - S Quarte HS32
COMPOSITIONAL ANALYSIS_TYPE: # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

Results of XRF or other compositional analysis: Essentially pure SiO,
within the 1limit of microprobe error.

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25pum) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.

END_COMPOSITION_DISCUSSION.

MICROSCOPIC EXAMINATION:

Colorless transparent. No contamination visually apparent.
END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 4135 0.2-3.0um 200 g.s.=
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- Q10 - Quartz GDS74
TITLE: Quartz GDS74 (Sand) Ottawa DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE ID: GDS74
MINERAL_TYPE: Tectosilicate
MINERAL: Quartz
FORMULA: Si02
FORMULA_NROFF: S§iO,
COLLECTION_LOCALITY: Ottawa, Canada
ORIGINAL DONOR: Dennis Capron
CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE DESCRIPTION:
Pure commercial quartz sand.
END_SAMPLE_DESCRIPTION.
XRD_ANALYSIS:
END_XRD_ANALYSIS.
COMPOSITIONAL_ANALYSIS_TYPE: # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:
COMPOSITION_DISCUSSION:
END_COMPOSITION_DISCUSSION.
MICROSCOPIC_EXAMINATION:
END_MICROSCOPIC_ EXAMINATION.
DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 4145 0.2-3.0um 200 g.s.=



Quartz GDS74
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- Rl - Rectorite ISR202

TITLE: Rectorite ISR202 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: ISR202

MINERAL TYPE: Phyllosilicate

MINERAL: Rectorite

FORMULA: Al12Si4010(OH)2 + (Mg,Fe+2,A1)3(Al,S1)4010(OH)2*4H20
FORMULA_NROFF: Al,Si,0,,(OH), + (Mg,Fe*?,Al),(Al,S1),0,,(OH),e4H,0
COLLECTION_LOCALITY: Garland County, Arizona

ORIGINAL_ DONOR:

CURRENT_SAMPLE_LOCATION: CSES/CIRES, Univ. of CO, Boulder
ULTIMATE_SAMPLE_LOCATION: CSES/CIRES, Univ. of CO, Boulder
SAMPLE DESCRIPTION:

Rectorite, a clay mineral, is a regular interstratification of a
dioctahedral mica and a dioctahedral smectite.

END_SAMPLE_DESCRIPTION.
XRD_ANALYSIS:
END_XRD ANALYSIS.
COMPOSITIONAL_ANALYSIS TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:
COMPOSITION_DISCUSSION:
END COMPOSITION_DISCUSSION.
MICROSCOPIC_EXAMINATION:
mode:
Rectorite dominates
20 volsg quartz

muscovite & chlorite undetermined

quartz avg gr sz = 300 um
all others avg gr sz = 35 pm

Rectorite forms fine intergrowths with muscovite & chlorite

END_MICROSCOPIC_EXAMINATION.



Rectorite ISR202 - R2 - Rectorite ISR202
DOCUMENTED_BY: agall@speclab (Andrea J. Gallagher)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4155 0.2-3.0pm 200 g.s.=



Rectorite ISR202
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- R4 - Rectorite RAr-1
TITLE: Rectorite RAr-1 DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE_ID: RAr-1
MINERAL TYPE: Phyllosilicate
MINERAL: Rectorite
FORMULA: Al12Si4010(OH)2 + (Mg,Fe+2,A1)3(Al,Si)4010(0H)2*4H20
FORMULA_NROFF: Al,S1,0,,(OH), + (Mg,Fe*?,Al),(Al1,S81),0,,(0H),e4H,0
COLLECTION_LOCALITY: Garland County, Arizona
ORIGINAL DONOR: Grim Collection?
CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE_DESCRIPTION:

Rectorite, a clay mineral, is a regular interstratification of a
dioctahedral mica and a dioctahedral smectite.

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

Rectorite + chlorite + muscovite; < 2um cut rectorite + tr. chlorite +
tr. muscovite M: 10-15% quartz, 2% chlorite, 2% opaque, no HCl fizz

(Norma Vergo)

END_XRD_ANALYSIS.

COMPOSITIONAL_ANALYSIS_TYPE: XRF # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION: §i02: 72.8 wts NROFF: S§iO,
COMPOSITION: Tio2: 0.31 wts NROFF: TioO,
COMPOSITION: Al203: 16.9 wts NROFF: Al,0,
COMPOSITION: Fe203: 1.22 wt% NROFF: Fe,O,
COMPOSITION: FeO: 0.38 wt% NROFF: FeO
COMPOSITION: MnO: <0.02 wts NROFF: MnO
COMPOSITION: Mgo: 0.26 wts NROFF: MgO
COMPOSITION: Ca0: 0.09 wts NROFF: CaO
COMPOSITION: Na20: 1.11 wts NROFF: Na,0
COMPOSITION: K20: 0.45 wts NROFF: K,0
COMPOSITION: P205: 0.07 wts NROFF: P,0,
COMPOSITION: H20+: 4.75 wts NROFF: H,0_
COMPOSITION: H20-: 1.49 wts NROFF: H,0
COMPOSITION: H20: 6.24 wt% NROFF: H,0
COMPOSITION: LOI: 6.16 wts NROFF: LOI
COMPOSITION: ---ccvcccccccrcancnnan-

COMPOSITION: Total: wt$e

COMPOSITION: O=Cl,F,S: wtg #correction for Cl1, F, S

COMPOSITION: New Total: wts



Rectorite RAr-1 - RS - Rectorite RAr-1
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

Analysts: E. Brandt, H. H. Christie

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4166 0.2-3.0um 200 g.s.=



Rectorite RAr-1
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- R7 - Rhodochrosite HS338

TITLE: Rhodochrosite HS338 DESCRIPT

DOCUMENTATION FORMAT: MINERAL

SAMPLE _ID: HS338

MINERAL TYPE: Carbonate

MINERAL: Rhodochrosite

FORMULA: MnCO3

FORMULA_NROFF: MnCO,

COLLECTION_LOCALITY: Montana

ORIGINAL DONOR: Hunt and Salisbury Collection

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory

ULTIMATE _SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

Rhodochrosite, MnCO,, is a comparatively rare carbonate mineral, usually
occurring in hydrothermal veins with ores of silver, lead and copper, and
with other manganese minerals. Divalent iron and calcium substitute for
manganese, and a complete solid solution series appears to extend to
siderite and calcite.

Hunt, G.R., J.W. Salisbury, 1971, Visible and near-infrared spectra of
minerals and rocks: II. Carbonates. Modern Geology, v. 2, p. 23-30.
END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

END_COMPOSITION_ DISCUSSION.

MICROSCOPIC_EXAMINATION:

END MICROSCOPIC_ EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4176  0.2-3.0um 200 g.5.=



- A74 - Ammonio-Illite/Smec GDS87

TITLE: Ammonio-Illite/Smectite GDS87 DESCRIPT
DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: GDS87

MINERAL TYPE: Phyllosilicate

MINERAL: Ammonium Illite/Smectite (Synthetic)

FORMULA: NH4A12(Si3A1)010(0OH)2 + (NH4)0.33(Al,Mg)2Si4010(0OH)2%nH20
FORMULA_NROFF: NH,Al,(Si,Al)0,,(OH), + (NH4)0.33(A1.Mg)zsiqolo(OH)zonHzo
COLLECTION_LOCALITY: Synthetic

ORIGINAL DONOR: Dennis Krohn, USGS Reston

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:
END_SAMPLE DESCRIPTION.

XRD ANALYSIS:
END_XRD ANALYSIS.

COMPOSITIONAL_ANALYSIS TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE: None

COMPOSITION_DISCUSSION:

END COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED BY: agall@speclab (Andrea J. Gallagher)

LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB SPECTRA: splibO4a r 301 0.2-3.0um 200 g.s.=



Rhodochrosite HS338
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- R9 - Rhodochrosite HS67

TITLE: Rhodochrosite HS67 DESCRIPT

DOCUMENTATION FORMAT: MINERAL

SAMPLE ID: HS67

MINERAL TYPE: Carbonate

MINERAL: Rhodochrosite

FORMULA: MnCO3

FORMULA_NROFF: MnCO,

COLLECTION_LOCALITY: Catamarca Provenee, Argentina

ORIGINAL DONOR: Hunt and Salisbury Collection

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

"C-6. Rhodochrosite. Catamarca Provenee, Argentina (67, hand-ground).
Rhodochrosite, MnCO,, is a comparatively rare carbonate mineral, usually
occurring in hydrothermal veins with ores of silver, lead and copper, and
with other manganese minerals. Divalent iron and calcium substitute for
manganese, and a complete solid solution series appears to extend to
siderite and calcite. This particular sample displays the rich pink color
in hand specimen that is typical of pure rhodochrosite. It is, however,
very rare to find rhodochrosite free of iron, and this sample is no
exception. It does, in fact, contain 1% iron, and displays a fairly
strong ferrous ion band near 1l.1x, in addition to the typical near-
infrared carbonate bands. The bands in the visible, on the other hand,
are due to the manganese ion, and are unusually sharp electronic
transition bands, as discussed and assigned in the previous section,

entitled "Spectral Features of Carbonates"."

Hunt, G.R., J.W. Salisbury, 1971, Visible and near-infrared spectra of
minerals and rocks: II. Carbonates. Modern Geology, v. 2, p. 23-30.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

END_XRD_ ANALYSIS.

COMPOSITIONAL ANALYSIS TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:



Rhodochrosite HS67 - R10 - Rhodochrosite HS67
END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 4187 0.2-3.0um 200 g.5.=



Rhodochrosite HS67
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- R12 - Rhodonite NMNHC6148

TITLE: Rhodonite NMNHC6148 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: NMNHC6148

MINERAL TYPE: Inosilicate

MINERAL: Rhodonite

FORMULA: (Mn+2,Fe+2,Mg,Ca)Si03

FORMULA_NROFF: (Mn*2?,Fe*?,Mg,Ca)SiO,

COLLECTION_LOCALITY: Franklin, New Jersey

ORIGINAL DONOR: Smithsonian Institution

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE_DESCRIPTION:

"Results of petrographic examination: Hand sample 1is composed of two
fragments, each about 2cm x 2cm x lem. About one third of each is host
rock on which the rhodonite crystals grow. This was removed by sawing to
free pure rhodonite. Under petrogrphic microscope, many other grains show
a small degree of alteration (not identified)."

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25um) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

Pure rhodonite.

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25um) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.

Pure (Norma Vergo).

END_XRD ANALYSIS.



Rhodonite NMNHC6148 - R13 - Rhodonite NMNHC6148

COMPOSITIONAL_ANALYSIS TYPE: XRF # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION: S$i02: 46.30 wts NROFF: SiO,
COMPOSITION: Tio2: 0.07 wts NROFF: TiO,
COMPOSITION: Al203: 0.05 wts NROFF: Al,0,
COMPOSITION: FeO: 0.50 wt% NROFF: FeO
COMPOSITION: MnO: 40.17 wt% NROFF: MnO
COMPOSITION: Mg0: 0.41 wts NROFF: MgO
COMPOSITION: Ca0: 8.27 wt% NROFF: Ca0
COMPOSITION: Na20: 0.28 wts NROFF: Na,0
COMPOSITION: K20: 0.04 wts NROFF: K,0
COMPOSITION: -------cccccccncccanan.

COMPOSITION: Total: 96.09 wts%

COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

"Results of XRF or other compositional analysis: Microprobe analysis
shows sample is homogeneous between and within grains. Average of six
analyses."

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25um) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.

END COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4198 0.2-3.0um 200 g.s.=



Rhodonite NMNHC6148
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- R15 - Rhodonite HS325

TITLE: Rhodonite HS325 DESCRIPT

DOCUMENTATION_ FORMAT: MINERAL

SAMPLE ID: HS325

MINERAL_TYPE: Inosilicate

MINERAL: Rhodonite

FORMULA: MnSiO3

FORMULA_NROFF: MnSiO,

COLLECTION_LOCALITY: Colorado

ORIGINAL DONOR: Hunt and Salisbury Collection

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory

ULTIMATE SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

This sample contains very small amounts of magnetite, pyrolusite agg
calcite. The visible spectrum is dominated by features typical of Mn
transitions, displaying bands at 0.35 u, 0.37 pu, 0.42 yx, and 0.55 u,
resulting in the characteristic pink color of this mineral. The strong
broad band near 1.04 p and 1.9 u features are typical of molecular water,
probably in fluid inclusionms.

Hunt, G.R., J.W. Salisbury, and C.J. Lenhoff, 1973, Visible and near-
infrared spectra of minerals and rocks: VI. Additional silicates.

Modern Geology, v. 4, p. 85-106.

END_SAMPLE_DESCRIPTION.

XRD ANALYSIS:

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION DISCUSSION:

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA HED: where Wave Range Av_Rs_Pwr Comment



Rhodonite HS325 - Rl6 - Rhodonite HS325

LIB_SPECTRA: splibO4a r 4208 0.2-3.0pm 200 g.s.=



Rhodonite HS325
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Ammonio-Illite/Smec GDS87
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- R18 - Richterite HS336

TITLE: Richterite HS336 Amphibole DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: HS336

MINERAL_TYPE: Inosilicate

MINERAL: Richterite (Amphibole group)

FORMULA: Na2Ca(Mg,Fe2+,Mn,Fe3+,A1)5(Si8022) (OH,F)2

FORMULA_NROFF: Na,Ca(Mg,Fe?*,Mn,Fe3*,Al).(51,0,,) (OH,F),

COLLECTION_LOCALITY: Sweden

ORIGINAL_DONOR: Hunt and Salisbury Collection

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

"I-21 Richterite 336B--Sweden. Na,Ca(Mg, Fe?*, Mn, Fe3*, Al).(5i,0,,) (OH,
F),: This mineral occurs in thermally metamorphosed limestones and
skarns, and is also found as a hydrothermal product in veins in alkaline
igneous rocks. This sample is contaminated with 30% magnetite, which
reduces the overall reflectivity. It would also serve to quench the iron
bands, were any displayed. However, the curve shown is for a sample
cleaned of all magnetite, and it is still surprisingly free of electronic
transition bands for an amphibole. The only well defined features are the
1.4y OH band, which is clearly doubled, and the two OH bands near 2.32u
and 2.38u."

Sieve interval 74 - 250um.

Hunt, G.R., J.W. Salisbury, and C.J. Lenhoff, 1973, Visible and near-
infrared spectra of minerals and rocks: VI, Additional silicates.
Modern Geology, v. 4, p. 85-106.

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

END_XRD_ ANALYSIS.

COMPOSITIONAL_ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.



Richterite HS336 - R19 - Richterite HS336
DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4219 0.2-3.0um 200 g.5.=



Richterite HS336

- R20 -

6ugrodo3s 612y J eyoqtids

SE FF 9867/90/07

434 S€vV JdTHIM

€E"9EESH 83tJ3a3yoty

(W) HLI9ON313AVM
O'€E G 2 0'2 G'T 0O°7T G0 .
4 1 ) | | | | | _ | | | ] ¥ — ] | ] d|_ [ ] | ) | ) i — 1] — 1 | |} O O
— ~ 10
ﬁl —
— —~2°0
- § [ 1 i 1 — ] 1 1 1 — [ 1 [l 1 — | | ] 1 — 1 — 1 [ | i ]

4N ¥» 8F EBEY/vI/0F
Qe Ad0380432008 JBAUSQ °ABAJng (83160099 ‘S ‘N

30NV 13371434



- R21 - Richterite NMNH150800

TITLE: Richterite NMNH150800 Amphibole DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE ID: NMNH150800

MINERAL TYPE: Inosilicate

MINERAL: Richterite (Amphibole group)

FORMULA: Na2Ca(Mg,Fe2+,Mn,Fe3+,A1)5(S18022)(0H,F)2

FORMULA NROFF: Na,Ca(Mg,Fe?* ,Mn,Fe3*,Al).(Siz0,,)(OH,F),

COLLECTION_LOCALITY: Wilberforce, Ontario, Canada

ORIGINAL DONOR: National Museum of Natural History

CURRENT SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

"Results of petrographic examination: Two large (6.49 and 6.45 g) pieces
and 2 fragments (4.18 b), black in color. Parts of single crystals. One
fragment has large white (calcite) contamination. Crystals also have
generally small blotchy inclusions of calcite. Crushed sample treated
with HC1l. Under the microscope, individual crystals before treatment
appear clean and pure except for about 1% calcite impurities."

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25pm) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

Richterite plus a trace of mica. Infrared spectra do mnot show a mica
hydroxyl band.

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25um) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.

Richterite plus a trace of mica (Norma Vergo).

END_XRD ANALYSIS.



Richterite NMNH150800 - R22 - Richterite NMNH150800

COMPOSITIONAL ANALYSIS TYPE: EM(WDS) # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION: Si02: 54.87 wts NROFF: 8i0,
COMPOSITION: Tio2: 0.39 wts NROFF: TiO,
COMPOSITION: Al203: 1.97 wts NROFF: Al,0,
COMPOSITION: FeO: 2.40 wts NROFF: FeO
COMPOSITION: MnO: 0.20 wts NROFF: MnO
COMPOSITION: MgO: 22.92 wts NROFF: Mg0
COMPOSITION: CaO: 9.09 wtsg NROFF: CaO
COMPOSITION: Na20: 4.32 wts NROFF: Na,0
COMPOSITION: K20: 1.48 wt% NROFF: K,0
COMPOSITION: -----ceccccccncnccccansn

COMPOSITION: Total: 97.65 wt$

COMPOSITION_TRACE: None

COMPOSITION_DISCUSSION:

Microprobe analysis by L. Walter shows sample to be homogeneous within
and between grains, with a composition tyical of richterite. Average of 9
analyses.

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25um) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4230 0.2-3.0um 200 g.s.=



Richterite NMNH150800
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- R24 - Riebeckite NMNH122689
TITLE: Riebeckite NMHN122689 Amphibole DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE_ID: NMHN122689
MINERAL TYPE: Inosilicate
MINERAL: Riebeckite (Amphibole group)
FORMULA: Na2Fe(+2)3Fe(+3)2S18022(0H)2
FORMULA_NROFF: Na,Fe,*?Fe,*35i,0,,(0H),
COLLECTION_LOCALITY: Hurricane Mountain, Conway, New Hampshire
ORIGINAL DONOR: National Museum of Natural History
CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE_DESCRIPTION:

Individual grains of riebeckite appear very pure under the microscope (<1%
impurities).

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25um) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

Pure reibeckite.

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25um) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.

END_XRD ANALYSIS.

COMPOSITIONAL ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION: Si02: 50.32 wts NROFF: SiO,
COMPOSITION: Ti02: 0.53 wts NROFF: TiO,
COMPOSITION: A1203: 0.86 wts NROFF: Al,0,
COMPOSITION: FeO: 35.27 wts NROFF: FeO
COMPOSITION: MnO: 1.12 wty NROFF: MnO
COMPOSITION: MgO: 0.07 wts NROFF: MgO
COMPOSITION: Ca0: 0.08 wts NROFF: CaO
COMPOSITION: Na20: 7.95 wts NROFF: Na,0
COMPOSITION: K20: 1.41 wts NROFF: K,0
COMPOSITION: ----ccccmccecccccncnnn

COMPOSITION: Total: 97.61 wts%

COMPOSITION_TRACE: None



Riebeckite NMNH122689 - R25 - Riebeckite NMNH122689
COMPOSITION_DISCUSSION:

Microprobe analysis of hand-picked smaple shows it to be homogeneous
within and between grains, with typical riebeckite composition. Average
of 10 samples.

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25pum) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4241 0.2-3.0um 200 g.s.=
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- R27 - Riebeckite HS326

TITLE: Riebeckite HS326 Amphibole DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE ID: HS326

MINERAL TYPE: Inosilicate

MINERAL: Riebeckite (Amphibole group)

FORMULA: Na2Fe(+2)3Fe(+3)2Si8022(0H)2

FORMULA_NROFF: Na,Fe,*?Fe,*381,0,,(0H),

COLLECTION_LOCALITY: Colorado

ORIGINAL DONOR: Hunt and Salisbury Collection

CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

ULTIMATE SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

"I-17 Riebeckite 326B--Colorado. Na,Fe,2*Fe,3*-  (Siz0,,)(OH, F),:
Riebeckite occurs in primary igneous rocks of acidic and intermediate
composition. Ferric and ferrous iron produce the bands near 0.7y and
0.9754, and OH features appear at 1.4 and 2.35u (again, there is a
carbonate contribution to the latter band from slight calcite
contamination). The small feature near 2.2p is a hydroxyl-lattice
combination band."

Sieve interval 74 - 250um.

Hunt, G.R., J.W. Salisbury, and C.J. Lenhoff, 1973, Visible and near-
infrared spectra of minerals and rocks: VI. Additional silicates.

Modern Geology, v. 4, p. 85-106.

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_ TRACE:

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.



- A76 - Ammonio-Smectite GDS86
TITLE: Ammonio-Smectite GDS86 (Sy) DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE_ID: GDS86
MINERAL _TYPE: Phyllosilicate
MINERAL: Ammonium Smectite (Synthetic)
FORMULA: (NH4)0.33(Al1,Mg)2Si4010(0H)2*nH20
FORMULA_NROFF: (NH,), ,;(Al,Mg),S1,0,,(OH),enH,0
COLLECTION_LOCALITY: Synthetic
ORIGINAL DONOR: Dennis Krohn, USGS Reston
CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:
END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE: None

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED BY: agall@speclab (Andrea J. Gallagher)‘

LIB_SPECTRA_HED: where Wave Range Av Rs Pwr Comment

LIB_SPECTRA: splibO4a r 311 0.2-3.0um 200 g.s.-



Riebeckite HS326 - R28 - Riebeckite HS326

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4252 0.2-3.0pm 200 g.8.=
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- R30 - Rivadavite NMNH170164

TITLE: Rivadavite NMNH170164 DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE_ID: NMNH170164
MINERAL_TYPE: Hydrous Borate
MINERAL: Rivadavite
FORMULA: Nab6MgB24040%22H20
FORMULA_NROFF: NaMgB,,0,,922H,0
COLLECTION_LOCALITY: Argentina
ORIGINAL_DONOR: Smithsonian
CURRENT_SAMPLE_LOCATION: USGS Reston, Virginia
ULTIMATE_SAMPLE_LOCATION: USGS Reston, Virginia
SAMPLE_DESCRIPTION:
Spectrum originally published in:
Crowley, J.K., 1993, Mapping playa evaporite minerals with
AVIRIS data: A first Report from Death Valley, California:

Remote Sensing of Environment, vol 44, p 337-356.

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:
Pure rivadavite.
Crowley, J.K., 1993, Mapping playa evaporite minerals with

AVIRIS data: A first Report from Death Valley, California:

Remote Sensing of Environment, vol 44, p 337-356.
END_XRD_ANALYSIS.
COMPOSITIONAL_ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION TRACE: None

COMPOSITION_DISCUSSION:

END_COMPOSITION DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: smoore@speclab (Shelley Moore)



Rivadavite NMNH170164 - R31 - Rivadavite NMNH170164
LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 4262 0.2-3.0um 200 g.s.=
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- R33 - Roscoelite EN124
TITLE: Roscoelite EN124 DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE_ID: EN124
MINERAL TYPE: Phyllosilicate
MINERAL: Roscoelite (vanadium mica) (Mica group)
FORMULA: KV2(A1Si3010) (OH)2
FORMULA_NROFF: KV,(AlSi,0,,) (OH),
COLLECTION_LOCALITY: Carpenter Mine, along Bear Creek in SW Colorado, Sec
33 T43N R1OW, Long 107 58’ 45" Lat 37 56' 40" 600 feet from the portal of
the Carpenter Mine
ORIGINAL DONOR: George Breit
CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE _DESCRIPTION:

Less than 2 um clay seperate prepared from a sample of V-U ore f£from the
Late Jurassic Entrada Sandstone.

END SAMPLE DESCRIPTION.
XRD_ANALYSIS:

Illite and illite-smectite with < 15% smectite interlayers. No other
minerals were detected (personal communication from G. Breit, 1990)

END XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS TYPE: Unknown # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION: Ti02: 0.12 wts NROFF: TiO,
COMPOSITION: Al203: 27.2 wts NROFF: Al,0,
COMPOSITION: Cr203: <0.02 wt% NROFF: Cr,0,
COMPOSITION: V203: 10.0 wts% NROFF: V,0,
COMPOSITION: Fe203: *0.66 wts  NROFF: Fe,0,
COMPOSITION: MnO: 0.01 wts NROFF: MnO
COMPOSITION: Mg0: 0.64 wts NROFF: MgO
COMPOSITION: Na20: 0.04 wts NROFF: Na,0
COMPOSITION: K20: 9.07 wts NROFF: K,0
COMPOSITION: ----=-ecececccccccecmn-

COMPOSITION: Total: 47.76 wt%

COMPOSITION TRACE: Ca < 20 ppm
COMPOSITION DISCUSSION:

* All Fe reported given as total Fe wt% (includes both FeO and Fe,0,.



Roscoelite EN124 - R34 - Roscoelite EN124

Done by George Breit.

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4273 0.2-3.0um 200 g.5.=
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- R36 - Rutile HS126

TITLE: Rutile HS126 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE ID: HS126

MINERAL_TYPE: Oxide

MINERAL: Rutile

FORMULA: TiO2

FORMULA_NROFF: TiO,

COLLECTION_LOCALITY: Oaxaca, Mexico

ORIGINAL _DONOR: Hunt and Salisbury Collection
CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE_DESCRIPTION:

"0-15A. Rutile. Oaxaca, Mex. (126B). Rutile, TiO,, is not a major
rock-forming mineral, but is the commonest form of TiO, in nature, and is
very widely distributed as minute grains in many igneous and metamorphic
rocks. Because of its resistance to weathering, it is also common in
beach and river sands. TiO, has a 3d° configuration, so that if a 3d band
exists, it will normally be empty. It is possible to supply electrons to
the 3d band by excitation from impurities, imperfections, or from the
filled 2p band. The intense absorption in the blue is ascribed by Bevan
et al. (1958) as an exciton band arising from the transfer of an electron
from an oxygen to a titanium. This sample contains 0.3% Fe, which does
not appear to be located in a crystal field capable of producing the
typical ferrous or ferrie iron features near 1.0y or 0.8u. The steep
fall-off in reflectivity toward the blue, which results in the reddish
brown color common to rutile, is thus probably caused both by extrinsic
absorption in the ferric ion and a sloping of the normal absorption edge
in TiO, because of defects and edge effects. Increasing amounts of ferric
iron, niobium, and tantalum, which also enter the TiO, lattice, result in
deeper and deeper color, some varieties being almost opaque. The weak but
sharp feature near 2.3y must be due to some hydroxyl combination tone in
this sample of rutile. It is an usual band because no corresponding band
near 1.4y is apparent, and because chemical analysis of this sample
yielded no measurable water. We conclude that a hydroxylated impurity is
present in very small amount, and perhaps not at all in the portion of the
sample analyzed."

Hunt, G.R., J.W. Salisbury, and C.J. Lenhoff, 1971, Visible and near-
infrared spectra of minerals and rocks: III. Oxides and hydroxides.
Modern Geology, v. 2, p. 195-205.

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

END_XRD_ANALYSIS.



Rutile HS126 - R37 - Rutile HS126
COMPOSITIONAL_ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pur Comment

LIB_SPECTRA: splibO4a r 4284 0.2-3.0pm 200 g.s.=



Ammonio-Smectite GDS86
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Rutile HS126
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- R39 - Rutile HS137

TITLE: Rutile HS137 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: HS137

MINERAL TYPE: Oxide

MINERAL: Rutile

FORMULA: TiO2

FORMULA_NROFF: TiO,

COLLECTION_LOCALITY: Graves Mountain, Georgia

ORIGINAL DONOR: Hunt and Salisbury Collection

CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

"0-15B. Rutile. Graves Mt., Ga. (137B). This sample was ground from a
single crystal of rutile, which was, unfortunately, coated on the surface
and within microfractures with limonite. We were unable to completely
remove this by acid leaching. The effect of the ferric ion is seen even
more strongly here than in the previous sample. In the near-infrared, the
ferric ion band near 0.9u is well displayed in the finest size fraction
and the general sloping off to the blue due to extrinsic absorption and
tailing of the TiO, absorption edge is even more evident. Water bands in
the limonite are weakly displayed near 1.4, 1.9 and near 2.3u. The ferric
ion bands may be due in part to ferric ion in the rutile lattice, and in
part to ferric ion in the limonite coating."

Hunt, G.R., J.W. Salisbury, and C.J. Lenhoff, 1971, Visible and near-
infrared spectra of minerals and rocks: III. Oxides and hydroxides.

Modern Geology, v. 2, p. 195-205.

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:
END_XRD_ANALYSIS.

COMPOSITIONAL_ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.



Rutile HS137 - R4O - Rutile HS137
DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA_HED: where Wave Range Av _Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4295 0.2-3.0um 200 g.s.=
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- 81 - Samarium Oxide GDS36

TITLE: Samarium Oxide GDS36 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: GDS36

MINERAL_TYPE: Oxide

MINERAL: Samarium Oxide

FORMULA: Sm203

FORMULA_NROFF: Sm,0,

COLLECTION_LOCALITY: REE Standard

ORIGINAL DONOR: None

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE DESCRIPTION:

Spex standard 85.2% Sm Lot No. 07791

For a detailed discussion see: Rowan, Lawrence C., Kingston, Marguerite
J., Crowley, James K., Spectral Reflectance of Carbonatites and Related
Alkalic Igneous Rocks: Selected Samples from Four North American

Localities, Economic Geology, Vol 81, 1986, pp. 857-871.
END_SAMPLE DESCRIPTION.
XRD_ANALYSIS:

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:
COMPOSITION_DISCUSSION:

END_COMPOSITION DISCUSSION.

MICROSCOPIC_EXAMINATION:
No observed impurities. G. Swayze.
avg gr sz = 4 um

END_MICROSCOPIC_EXAMINATION.



Samarium Oxide GDS36 - 82 - Samarium Oxide GDS36
DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 4305 0.2-3.0pm 200 g.S.= 4 um



Samarium Oxide GDS36
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- S84 - Sanidine GDS19

TITLE: Sanidine GDS19 Feldspar DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE ID: GDS19

MINERAL TYPE: Tectosilicate

MINERAL: Sanidine (Feldspar group)

FORMULA: (K,Na)AlSi308

FORMULA_NROFF: (K,Na)AlSi,0,

COLLECTION_LOCALITY: Volkesfeld bei kempenick, Eifel, Rheinland, Germany
ORIGINAL DONOR: Dave Stewart

CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE_DESCRIPTION:

"Results of petrographic examination: Hand sample is 1large (56.16g)
fragment of what appears to be a badly fractured single crystal. Small
fragments are transparent, but "smoky", Shows no significant contamination
under the microscope."

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25pm) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.

END_SAMPLE _DESCRIPTION.

XRD_ANALYSIS:

Pure sanidine. (Norma Vergo)

END _XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS TYPE: EM # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION: S$i02: 64.53 wts NROFF: S§iO,
COMPOSITION: TiOo2: 0.03 wt% NROFF: TioO,
COMPOSITION: A1203: 18.76 wt%  NROFF: Al,0,
COMPOSITION: FeO: 0.17 wts NROFF: FeO
COMPOSITION: MnO: 0.04 wts NROFF: MnO
COMPOSITION: MgO: 0.04 wts NROFF: MgO
COMPOSITION: Ca0: 0.02 wts NROFF: CaO
COMPOSITION: Na20: 1.30 wts NROFF: Na,0
COMPOSITION: K20: 13.96 wts NROFF: K,0
COMPOSITION: --c-ccmcmmcccccnacana-

COMPOSITION: Total: 98.86 wts

COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:



Sanidine GDS19 - 85 - Sanidine GDS19

Microprobe analysis showed sample to be homogeneous within and between
grains, and to be of typical sanidine composition except for the unusually
low albite content. Average of 10 samples.

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25pm) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4317 0.2-3.0um 200 g.5.=



Sanidine GDS19
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- A78 - Amphibole NMNH78662

TITLE: Amphibole NMNH78662 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: NMNH78662

MINERAL TYPE: Inosilicate

MINERAL: Amphibole (specific unknown: either Na-Edenite or Mg-Hastingsite)
FORMULA: A0-1B2Y8Z8022(OH,F,Cl)2 (A=Ca,Na,K; B=Ca,Fe+2,Li,Mg,Mn+2,Na; Y=Al,Cr,Fe+2,Fe
FORMULA_NROFF: A, ,B,Y,Z.0,,(OH,F,Cl),

COLLECTION_LOCALITY: Canada

ORIGINAL DONOR: National Museum of Natural History

CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE_ LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

Sample is 0-74um sieve interval, pale green in color.

END_SAMPLE_DESCRIPTION,

XRD_ANALYSIS:

Analysis by N. Vergo indicates, yes it is an amphibole and it looks pure.
She suggests either Na-Edenite or Mg-Hastingsite.

END_XRD ANALYSIS.

COMPOSITIONAL_ ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE: None

COMPOSITION_DISCUSSION:

None

END COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

av gr sz = 20um Range = 1 - 110um

Prismatic grains, inclined extinction, 1length slow, biaxial, amphibole
cleavage. All this 1is consistent with this sample being an amphibole.
Suggest microprobe analysis to determine composition. G. Swayze.

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: wcalvin@speclab (Wendy M. Calvin)



- 8§87 - Sanidine NMNH103200

TITLE: Sanidine NMNH103200 Feldspar DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: NMNH103200

MINERAL TYPE: Tectosilicate

MINERAL: Sanidine (Feldspar group)

FORMULA: (K,Na)AlSi308

FORMULA_NROFF: (K,Na)AlSi,O,

COLLECTION_LOCALITY: Higasinuiro-gun, Taiji, Wakayama, Japan

ORIGINAL DONOR: Smithsonian Institution

CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

"Result of petrographic examination: Many small (0.5cm) euhedral crystals
totaling 6.49 g. almost all have some adhering clay/limonite, to be
removed by brushing or ultrasonic cleaning. Under the microscope, a very,
very few acicular inclusions (rutile?) can be seen. Otherwise, very
pure."

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25um) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

Sanidine plus a moderate amount of albite.

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25um) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.

END_XRD ANALYSIS.



Sanidine NMNH103200 - 88 - Sanidine NMNH103200

COMPOSITIONAL_ANALYSIS_TYPE: EM(WDS) # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION: $i02: 67.43 wt% NROFF: SiO,
COMPOSITION: Tio2: 0.03 wts NROFF: Tio,
COMPOSITION: Al203: 18.65 wtg NROFF: Al,O,
COMPOSITION: FeO: 0.59 wts NROFF: FeO
COMPOSITION: MnoO: 0.02 wts NROFF: MnO
COMPOSITION: MgO: 0.03 wts NROFF: MgO
COMPOSITION: Ca0l: 0.02 wts NROFF: CaO
COMPOSITION: Na20: 5.38 wts NROFF: Na,0
COMPOSITION: K20: 7.38 wts NROFF: K,0
COMPOSITION: ---------crcocccrcana-

COMPOSITION: Total: 99.97 wts

COMPOSITION_ TRACE:

COMPOSITION_ DISCUSSION:

"Microprobe analysis shows homogeneity within and between grains. This is
typical sanidine with about as much soda as potash, but the albite present
is cryptoperthic. Average of 10 analyses."

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25pm) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.

END_COMPOSITION DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 4328 0.2-3.0pm 200 g.s.-



Sanidine NMNH103200
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- S10 - Saponite SapCa-1
TITLE: Saponite SapCa-1 DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE ID: Ca-1
MINERAL TYPE: Phyllosilicate
MINERAL: Saponite (Montmorillonite group)
FORMULA: (1/2Ca,Na)0.33(Mg,Fe+2)3(S1,A1)4010(0H)2*4H20
FORMULA_NROFF: (8Ca,Na)033(Mg,Fe*2)3(Si,Al)‘Olo(OH)204H20
COLLECTION_LOCALITY: Ballarat, California
ORIGINAL DONOR: Hunt and Salisbury Collection
CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE _LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE DESCRIPTION:
Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25um) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.
END_SAMPLE _DESCRIPTION.
XRD_ANALYSIS:
Less than 2u size fraction is saponite with a trace of unknown material
with _x-ray peaks at 8.6, 3.26 and 3.14 angstroms. Coarser fraction
contains quartz.
Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25um) Spectra of Minerals: First Edition, U.S. Geological Survey

Open File Report 87-263.

END_XRD_ANALYSIS.

COMPOSITIONAL_ANALYSIS_TYPE: XRF # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION: $i02: 51.9 wt% NROFF: §iO,
COMPOSITION: Tio2: 0.54 wt% NROFF: TiO,
COMPOSITION: Al203: 3.66 wts% NROFF: Al,0,
COMPOSITION: Fe203: 0.88 wts% NROFF: Fe,O,
COMPOSITION: MnO: <0.02 wt$ NROFF: MnO
COMPOSITION: Mg0: 0.88 wts NROFF: MgO
COMPOSITION: Cal: 4.68 wts NROFF: Ca0
COMPOSITION: Na20: 1.94 wts NROFF: Na,0
COMPOSITION: K20: 0.41 wts NROFF: K,0
COMPOSITION: LOI: 11.5 wt% NROFF: LOI
COMPOSITION: -------c-evcomomannanen

COMPOSITION: Total: wt$

COMPOSITION_TRACE:



Saponite SapCa-1 - 811 - Saponite SapCa-1

COMPOSITION_DISCUSSION:

Analysis done by USGS OMR Branch of Analytical Chemistry, Lakewood,
Colorado: J. Taggart, Ardith J. Bartel, K. Stewart

END_COMPOSITION_DISCUSSION.
MICROSCOPIC_EXAMINATION:
END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment
LIB_SPECTRA: splibO4a r 4339 0.2-3.0pm 200 g.s.=
LIB_SPECTRA: splibO4a r 4350 0.2-3.0um 200 g.5.=
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- S14 - Sauconite GDS135

TITLE: Sauconite GDS135 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: GDS135

MINERAL_TYPE: Phyllosilicate

MINERAL: Sauconite (Montmorillonite group)

FORMULA: Na0.33Zn3(Si,A1)4010(0H)2*4H20

FORMULA NROFF: Na, ;,Zn,(Si,Al),0,,(OH),e4H,0
COLLECTION_LOCALITY: Coon Hollow Mine, Zinc, Boone Co. Arkansa
ORIGINAL _DONOR: Dave Sherman

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:
END_SAMPLE _DESCRIPTION.

XRD_ANALYSIS:

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE: Nomne

COMPOSITION_DISCUSSION:

None

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: smoore@speclab (Shelley Moore)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4359 0.2-3.0um 200 g.5.=



Sauconite GDS135

- 8§15 -

6ugero0do3s 6SEV 4 epoqiids

6% 2F EGBYT/6YV/v0 434 SaV ZHTHTM

(wr)

HL1INITIAVM
G°7 07

SETSO9 83jtruodnes

— 0°0
.wm.o

1N 25:02 EGET/rE/0%
qe Adoasouil2eds Jeaueq ‘Aeaung Ted2%00T1009 °S N

3ONV1I371434



- S16 - Scolecite GDS?7

TITLE: Scolecite GDS7 Zeolite DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: GDS7

MINERAL TYPE: Tectosilicate

MINERAL: Scolecite (Zeolite group)

FORMULA: CaAl2Si3010%3H20

FORMULA_NROFF: CaAl,Si,0,,¢3H,0

COLLECTION_LOCALITY: Narayngaon, India

ORIGINAL DONOR: Wards Scientific

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

The sample appears white and to be spectrally pure.
END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

Scolecite - major component, probably mixed with other natrolite-type
zeolites. Other components in small amounts, possibly including gibbsite,
akermanite.

Konnert, Judith and Marta Flohr, 1992, unpublished data, USGS Reston, VA.
END_XRD ANALYSIS.

COMPOSITIONAL ANALYSIS TYPE: # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: rclark@speclab (Roger N. Clark)

LIB _SPECTRA HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 4369 0.2-3.0um 200 g.s.=



Amphibole NMNH78662 - A79 - Amphibole NMNH78662
LIB_SPECTRA HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 322 0.2-3.0um 200 g.5.= 20 pm
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- S18 - Sepiolite SepNev-1l

TITLE: Sepiolite SepNev-1 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE ID: SepNev-1 (1-26-87)

MINERAL TYPE: Phyllosilicate

MINERAL: Sepiolite (Meerschaum)

FORMULA: Mg4Si6015(OH)2*H20

FORMULA_NROFF: Mg,Si 0, .(OH),eH,0

COLLECTION_LOCALITY: Two Crows, Nevada

ORIGINAL _DONOR: Source Clay Mineral Repository
CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE DESCRIPTION:

Sepiolite is a hydrous magnesium silicate, claylike and a secondary
mineral associated with serpentine.

Sample is white in color.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

Spectrally pure: no dolomite dolomite affects the continuum only;
confirmed by Na-acetate buffer purification. (Norma Vergo)

END_XRD_ANALYSIS.



Sepiolite SepNev-1 - 819 - Sepiolite SepNev-1

COMPOSITIONAL_ANALYSIS TYPE: XRF # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION: S$i02: 50.9 wts NROFF: SiO,
COMPOSITION: Ti02: <0.02 wt$ NROFF: TiO,
COMPOSITION: Al1203: 0.45 wts NROFF: Al,0,
COMPOSITION: Fe203: 0.08 wt$  NROFF: Fe,0,
COMPOSITION: FeO: <0.01 wt$ NROFF: FeO
COMPOSITION: MnO: <0.02 wts NROFF: MnO
COMPOSITION: MgO: 22.3 wt% NROFF: Mg0
COMPOSITION: Ca0: 2.45 wts NROFF: Ca0
COMPOSITION: Na20: 1.12 wt$ NROFF: Na,0
COMPOSITION: K20: 0.17 wts NROFF: K,0
COMPOSITION: P205: <0.05 wts% NROFF: P,0,
COMPOSITION: H20+: 10.6 wts NROFF: H,0_
COMPOSITION: H20-: 8.05 wts NROFF: H,0
COMPOSITION: H20: 18.6 wtg NROFF: H,0
COMPOSITION: L0I: 20.0 wtsg NROFF: LOI
COMPOSITION: ~cccccccccccccccaccaan

COMPOSITION: Total: 97.56 wty .

COMPOSITION: O0=Cl,F,S: wt$ #correction for Cl, F, S

COMPOSITION: New Total: 97.56 wts
COMPOSITION TRACE:
COMPOSITION_ DISCUSSION:

Analysis by E. Brandt, J.H. Christie, J. Taggart, Ardith J. Bartel, K.
Stewart

Exists but needs to be included.

Trace analysis exists.

END_COMPOSITION_ DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4380 0.2-3.0um 200 g
LIB_SPECTRA: splibO4a r 4391 0.2-3.0um 200 g.
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- 8§22 - Seplolite SepSp-1
TITLE: Sepiolite SepSp-1 DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE_ID: SepSp-1 (1-26-87)
MINERAL_TYPE: Phyllosilicate
MINERAL: Sepiolite (meerschaum)
FORMULA: Mg4Si6015(0H)2*H20
FORMULA NROFF: Mg,Si.0,.(OH),eH,0
COLLECTION_LOCALITY: Valdemoro, Spain
ORIGINAL DONOR: Source Clay Mineral Repository
CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE_DESCRIPTION:

Sepiolite is a hydrous magnesium silicate, claylike and a secondary
mineral associated with serpentine.

END_SAMPLE DESCRIPTION.
XRD_ANALYSIS:
Sepiolite plus calcite (Norma Vergo).

Spectrally pure: no calcite bands. Calcite affects the continuum only;
confirmed by Na-acetate buffer purification (Norma Vergo).

END_XRD_ANALYSIS.



Sepiolite SepSp-1 - 823 - Sepiolite SepSp-1
COMPOSITIONAL ANALYSIS_TYPE: XRF # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION: Si02: 54.8 wts NROFF: Sio,
COMPOSITION: Ti02: 0.04 wts NROFF: TiO,
COMPOSITION: Al203; 1.39 wts NROFF: Al,0,
COMPOSITION: Fe203: 0.40 wtg NROFF: Fe,O,
COMPOSITION: FeO: 0.02 wts NROFF: FeO
COMPOSITION: MnO: <0.02 wt% NROFF: MnO
COMPOSITION: MgO: 22.3 wt% NROFF: MgO
COMPOSITION: Ca0: 1.07 wt% NROFF: Ca0O
COMPOSITION: Na20: <0.15 wts NROFF: Na,0
COMPOSITION: K20: 0.20 wts NROFF: K,0
COMPOSITION: P205: <0.05 wts NROFF: P,0,
COMPOSITION: H20+: 11.4 wt% NROFF: H,0_
COMPOSITION: H20-: 7.36 wts NROFF: H,0
COMPOSITION: H20: 18.8 wts NROFF: H,0
COMPOSITION: 10I: 18.1 wts NROFF: LOI
COMPOSITION: -----cccccccccccccncn-

COMPOSITION: Total 98.72 wts

COMPOSITION: O=Cl,F,S: wt$ #correction for Cl1l, F, S
COMPOSITION: New Total: 98.72 wt%

COMPOSITION_TRACE: Exists but needs to be included.
COMPOSITION_DISCUSSION:
Ardith J.

Analysis by E. Brandt, J.H. Christie, J. Taggart, Bartel, K.

Stewart

Induced Coupled Plasma trace analysis exists but is not included yet.
END_COMPOSITION_DISCUSSION.

MICROSCOPIC_ EXAMINATION:

END MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment
LIB_SPECTRA: splibO4a r 4402 0.2-3.0pm 200 E.S.=
LIB_SPECTRA: splibO4a r 4413 0.2-3.0pm 200 g.5.-



Sepiolite SepSp-1

BUET0dO33 20vy 4 ep0QITds  9€:TT 9867/80/€0 434 Sav Q8THIM

(W) HI9ONITAAVM
c'e o'2 G'T 0°'7

}-dsdag ajtrotrdas

in 28:02 €66%/v3/0%
Qe Adoasoujdedg Jsaueg ‘AeaJng (edtloroeg °§ N

3ONV10371d43H



Sepiolite SepSp-1

- 8§25 -

Bugt0do3s EFPyY J epoqrids

¥¥ :80 LB6%/L2/20

434 S8v agTdTM

gJv°y-dsdas ajtrotdas

(W) HLIONIIIAVM
G2 0°2 G°'7 0°'7 G0
] |} d | ] 1} ! | | _ | 1 _ | L Au ) mu
—~ 20
— "0
J
—9°0
-
— 80
TR TS T SRR ST S .

1N €902 EBBT/FT/0V
Qe Adoasouljledg Jeausq ‘AeAJng 18510807089 'S °N

dONV 10371434



- 826 - Serpentine HS318
TITLE: Serpentine HS318 DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE_ID: HS318
MINERAL_TYPE: Phyllosilicate
MINERAL: Serpentine
FORMULA: Mg3Si205(0H)4
FORMULA NROFF: Mg,Si,0.(OH),
COLLECTION_LOCALITY: Colorado
ORIGINAL DONOR: Hunt and Salisbury Collection
CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE DESCRIPTION:
"P-11 Serpentine 318B--Colorado. Mg,(Si,0.)- (OH),: The principal
occurrences of serpentine are those in which they are derived by
alteration of ultrabasic rocks. Serpentine specimens, like talc, deviate
little from the ideal composition. However, also like talc, small amounts
of aluminum and iron may replace silicon and magnesium. This particular
sample is burdened with magnetite contamination, but still displays ferric
ion bands at 0.65 and 0.45u as well as clearly visible OH features at l.4u
and 2.34u. This latter feature is attributed to a combination of the OH
stretch with the Mg-OH bend.”
Hunt, G.R., J.W. Salisbury, and C.J. Lenhoff, 1973, Visible and near-
infrared spectra of minerals and rocks: VI, Additional silicates.
Modern Geology, v. 4, p. 85-106.
END_SAMPLE DESCRIPTION.
XRD_ANALYSIS:
END_XRD ANALYSIS.
COMPOSITIONAL ANALYSIS TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:
COMPOSITION DISCUSSION:

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_ EXAMINATION:

END_MICROSCOPIC_EXAMINATION.
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Serpentine HS318 - 8§27 - Serpentine HS318
DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB SPECTRA: splibO4a r 4424 0.2-3.0pm 200 g.s.=
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- 829 - Serpentine HS8

TITLE: Serpentine HS8 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: HS8

MINERAL TYPE: Phyllosilicate

MINERAL: Serpentine

FORMULA: Mg3Si205(OH)4

FORMULA_NROFF: Mg.Si,O.(OH),

COLLECTION_LOCALITY: Cardiff, Missouri

ORIGINAL DONOR: Hunt and Salisbury Collection

CURRENT_SAMPLE _LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE_DESCRIPTION:

"S-19. Serpentine. Cardiff, Mo. (8). Serpentine is a hydrous secondary
mineral, typically an alteration product of olivine, pyroxene, or
amphibole. Its compostion is Mg,Si,0.(OH),, but ferrous iron and nickel
may be present in small amount. Weak ferric and ferrous ion bands are
displayed by this sample near 0.7 and 1.0 respectively, which may be
original, or due to the presence of a small amount of unaltered amphibole.
The bands near 1.4y and longward of 1.9u are hydroxyl bands. As in the
case of some amphiboles and pyroxenes, this sample displays a peak near
0.5u in the visible due to the combined effect of the ferric ion band in
the near-infrared and the fall-off in the blue."

Hunt, G.R., J.W. Salisbury, 1970, Visible and near-infrared spectra of
minerals and rocks: I. Silicate minerals. Modern Geology, v. 1, p.
283-300.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

END XRD ANALYSIS.

COMPOSITIONAL_ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem

COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

END_COMPOSITION DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.



Serpentine HS8 - 830 - Serpentine HS8
DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4435 0.2-3.0um 200 g.s.=
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- 832 - Siderite HS271

TITLE: Siderite HS271 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: HS271

MINERAL TYPE: Carbonate

MINERAL: Siderite (Calcite group)

FORMULA: FeCO3

FORMULA_NROFF: FeCO,

COLLECTION_LOCALITY: Roxbury, Connecticut

ORIGINAL DONOR: Hunt and Salisbury Collection

CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

Forms series with Magnesite and with Rhodochrosite.

"C-7. Siderite. Roxbury, Conn. (68, hand-ground). Siderite, FeCO,, is
found in extensive sedimentary beds, frequently contaminated with clay or
organic matter. It is also commonly deposited in veins by hydrothermal
solutions. Both magnesium and manganese commonly substitute for the iron.
This particular sample is coarsely crystalline and medium brown in color.
It is high in iron, as indicated by the strong ferrous ion band near 1.1lu.
It 1is also slightly contaminated with magnetite. Being an opaque
material, the magnetite 1lowers the overall reflectivity of the sample,
makes the carbonate bands less prominent, and causes the crossover of the
spectral curves in the visible. Analysis shows that this sample contains
0.98% Mg?* and 7.03% Mn*2. However, the electronic transitions of iron
dominate the spectrum to such an extent that none of the sharp features
due to Mn** are apparent in the visible spectrum." NOTE: This a different
sample number than this sample (271) but the collection locality is the
same. Possibly a mislabeled sample.

Sieve interval 74 - 250um.

Hunt, G.R., J.W. Salisbury, 1971, Visible and near-infrared spectra of
minerals and rocks: 1II. Carbonates. Modern Geology, v. 2, p. 23-30.

END_SAMPLE DESCRIPTION.

XRD ANALYSIS:

Pure siderite Possibly some manganoan siderite also - patterns too similar
to differentiate.

Konnert, Judith and Marta Flohr, 1992, unpublished data, USGS Reston, VA.

END_XRD_ANALYSIS.



Siderite HS271 - 8§33 - Siderite HS271

COMPOSITIONAL ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION TRACE:

COMPOSITION DISCUSSION:

END_COMPOSITION DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 4445 0.2-3.0um 200 g.s.=-
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- 835 - Siderophyllite NMNH104998

TITLE: Siderophyllite NMNH104998 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: NMNH104998

MINERAL TYPE: Phyllosilicate

MINERAL: Siderophyllite (Mica group)

FORMULA: K(Fe+2)2A1(A12Si2)010(F,0H)2

FORMULA_NROFF: KFe*?,A1(Al,81,)0,,(F,0H),

COLLECTION_LOCALITY: Brooks Mtns, Seward Peninsula, AK

ORIGINAL DONOR: National Musuem of Natural History (Jim Crowley USGS)

CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE_DESCRIPTION:

END_SAMPLE_DESCRIPTION.

XRD ANALYSIS:

40 kV - 30 mA and 6.5-9.5 keV (sidphyl.out, smear mount); 45 kV -

35mA and 7.3-9.5 keV (siphyl2.out, random or bulk mount)

References: Pattern for siderophyllite 1M in MSA Rev. Min. 13, p.

581; Huebner'’s reference pattterns for micas
Found: trioctahedral 1M mica, subordinate chlorite and calcite
(X-ray); immersion oil examination chlorite >= mica >>> carbonate
Sought: quartz [(10l) reflection obscured; a very weak peak observed
in the position of the quartz (100)]

Comments: At least three phases present. The mica pattern is
consistent with siderophylllite. Sharp reflections suggest
mica is well crystallized and compositionally homogenous.
The mica has a relatively large (002) spacing at 17.8,
suggesting the presence of a large cation such as K. The
chlorite (001) reflection is anomalously weak relative to the
other chlorite reflections observed. Observed eigth weak
calcite reflections but found only a trace of carbonate in
immersion oil, suggesting that the carbonate may not be

homogenously distributed.

J.S. Huebner and J. Pickrell, unpublished data, written
communication, USGS, Reston, VA (1993)

END XRD ANALYSIS.
COMPOSITIONAL ANALYSIS_TYPE: # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_ TRACE:

COMPOSITION_DISCUSSION:



Siderophyllite NMNH104998 - 836 - Siderophyllite NMNH104998

Since siderophyllite is volumetrically dominant according to my
optical examination, I think it spectral signature will dominate
over the chlorite. This is also so for calcite. However, it
spectrum looks strikingly similar to thuringite SMR-15 shortward of
2.0pm. The 2.3-um region has small band that are slightly

shifted from thuringite (chlorite). This similarity may be
coincidental, however, they may not be spectrally distinguishable
shortward of 2.0um. G. Swayze,

END COMPOSITION_DISCUSSION.
MICROSCOPIC_EXAMINATION:
Mode:

70 vols Siderophyllite

15 vols Chlorite

10 vol% Calcite

5 vol% Quartz

tr Fe-staining
Siderophyllite is biaxial (-) with small 2V angle and has a dark green
color in plain polarized light. Other gains with basal cleavage have a
lighter lst order gray interference color and also are biaxial (-) with

a small 2V, Calcite and quartz are also present in minor amounts.
G. Swayze.

END_MICROSCOPIC_EXAMINATION.
DOCUMENTED_BY: agall@speclab (Andrea J. Gallagher)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4456 0.2-3.0um 200 g.s.=



- A81 - Analcime GDS1

TITLE: Analcime GDS1 Zeolite DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE ID: GDS1

MINERAL TYPE: Tectosilicate

MINERAL: Analcime (Zeolite group)

FORMULA: NaAlSi206*H20

FORMULA NROFF: NaAlSi,O.eH,0

COLLECTION_LOCALITY: Mount Saint Hilaire, Quebec

ORIGINAL DONOR: Wards Scientific

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

The original sample description and vis-NIR spectrum was published in:
Clark, R.N., T.V.V. King, M. Klejwa, G. Swayze, and N. Vergo, 1990, High
spectral resolution reflectance spectroscopy of minerals: J. Geophys Res.
95, 12653-12680.

The sample appears to be mineralogically and spectrally pure.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:
pure Analcime - by Norma Vero
END_XRD_ ANALYSIS.
COMPOSITIONAL ANALYSIS TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE: None
COMPOSITION_DISCUSSION:
None
END_COMPOSITION DISCUSSION.
MICROSCOPIC_EXAMINATION:
av gr sz = 120um
Smaller analcime grains adhere to larger grains. Uneven fracture, lacks

good cleavage, clear grains, twinning, isotropic , anomalously biaxial in
some cases, all characteristic of analcime. G. Swayze
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- S38 - Sillimanite HS186

TITLE: Sillimanite HS186 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: HS186

MINERAL_TYPE: Nesosilicate

MINERAL: Sillimanite

FORMULA: Al12S5i05

FORMULA_NROFF: Al,SiO,

COLLECTION_LOCALITY: Australia

ORIGINAL DONOR: Hunt and Salisbury Collection

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE_DESCRIPTION:

"This comparatively rare mineral is found in high grade metamorphic rocks,
particularly gneiss and schist. Its spectrum shows a rapid fall off in
intensity to the blue, which is probably due to the trace of ferric ion
replacing aluminum. This sample is slightly altered to montmorillonite,
which accounts for the strong hydroxyl (1.4 and 2.2um) and weaker water
(1.9um) bands. The 2.2uym feature is probably a combination of the OH
stretch with the A10H bend."

Hunt, G.R., J.W. Salisbury, and C.J. Lenhoff, 1973, Visible and near-
infrared spectra of minerals and rocks: VI. Additional silicates.
Modern Geology, v. 4, p. 85-106.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

Sillimanite plus small amount of quartz, trace amount of pyrophyllite.
(Norma Vergo)

END_XRD_ ANALYSIS.

COMPOSITIONAL ANALYSIS_TYPE: # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

No compositional analyses.

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.



Sillimanite HS186 - 839 - Sillimanite HS186
DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pur Comment

LIB_SPECTRA: splibO4a r 4467 0.2-3.0pm 200 g.s.=
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- 841 - Smaragdite HS290
TITLE: Smaragdite HSZéO Amphibole DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE_ID: HS290
MINERAL_TYPE: Inosilicate
MINERAL: Smaragdite (Actinolitic Amphibole)
FORMULA: Ca2(Mg,Fe+2)5Si8022(0H)2 (see sample description)
FORMULA_NROFF: Ca,(Mg,Fe*?).Si,0,,(0H),
COLLECTION_LOCALITY: Clay County, North Carolina
ORIGINAL DONOR: Hunt and Salisbury Collection
CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE DESCRIPTION:

The general formula for members of the amphibole group is

Wm4x2Y528022(OH,F)2, where W represents Na and K in the A site, X denotes
Ca*?, Na*, Mn*2, Fe*?, Mg*?, and Li* in the M4 sites, Y represents Mn*?,
Fe*2, Mg*?, Fe*3, Al*}, and Ti** in the M1, M2 and M3 sites and Z refers

to Si** and Al *3 in the tetrahedral sites. This sample’s composition is
probably similar to ferroactinolite, Ca,(Fe*?,Mg).S5i,0,,(0H),.

"I1-16 Smaragdite 290B--Clay Co., N. Carolina: Smaragdite is also a name
sometimes given to actinolitic amphibole derived from pyroxene by
alteration. Like uralite, it typically contains Al, for which Fe® can
substutute. This sample shows both ferrous and ferric iron bands at 1.0u
and 0.7z in its spectrum, as well as the hydroxyl features at 1.4, 2.32,
and 2.38u. Other weaker features between 2.1 and 2.3y are hydroxyl-
lattice combination bands. Some included water is again indicated by the
band at 1.9u."

Hunt, G.R., J.W. Salisbury, and C.J. Lenhoff, 1973, Visible and near-
infrared spectra of minerals and rocks: VI. Additional silicates.
Modern Geology, v. 4, p. 85-106.

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

END_XRD ANALYSIS.

COMPOSITIONAL_ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.



Smaragdite HS290 - 842 - Smaragdite HS290

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splib0O4a r 4478 0.2-3.0um 200 g.s.=
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- S44 -

TITLE: Sodium_Bicarbonate GDS55 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL
SAMPLE_ID: GDS55
MINERAL_TYPE: Carbonate
MINERAL: Sodium Bicarbonate
FORMULA: NaHCO3

FORMULA_NROFF: NaHCO,

COLLECTION_LOCALITY: Baker Chemical Reagent

ORIGINAL DONOR: Baker Chemical

Sodium Bicarbonate GDS55

CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy laboratory

ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

END_XRD ANALYSIS.

COMPOSITIONAL ANALYSIS_ TYPE: None
COMPOSITION_TRACE: None
COMPOSITION_DISCUSSION:

None

END COMPOSITION_DISCUSSION.
MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

# XRF, EM(WDS), ICP(Trace), WChem

DOCUMENTED BY: smoore@speclab (Shelley Moore)

LIB_SPECTRA_HED: where

LIB_SPECTRA: splibO4a r 4488

0.2-3.0um

Wave Range Av_Rs_Pwr Comment

200 g.5.=
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- S46 - Spessartine NMNH14143

TITLE: Spessartine NMNH14143 Garnet DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: NMNH114143

MINERAL _TYPE: Nesosilicate

MINERAL: Spessartine (Garnet group)

FORMULA: Mn3A12(Si04)3

FORMULA_NROFF: Mn,Al,(5i0,),

COLLECTION_LOCALITY: Rutherford #2 Mine, Amelia, Amelia County, Virginia
ORIGINAL DONOR: National Museum of Natural History
CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE_DESCRIPTION:

Forms series with Almandine.

"Results of petrographic examination: A group of 3mm and smaller diameter
reddish crystals. Seem to be a few clear crystals adhering to the grains
that were picked off; otherwise appears pure. Under petrographic
microscope, sample appears pure."

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared (2.1-
25um) Spectra of Minerals: First Edition, U.S. Geological Survey Open File
Report 87-263.

END SAMPLE_ DESCRIPTION.

XRD_ANALYSIS:

Pure spessartine.

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared (2.1-
25um) Spectra of Minerals: First Edition, U.S. Geological Survey Open File
Report 87-263.

Pure spessartine (Norma Verpgo).

END_XRD_ANALYSIS.



Analcime GDS1 - A82 - Analcime GDS1
END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: rclark@speclab (Roger N. Clark)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 333 0.2-3.0pm 200 g.s.= 120 pm



Spessartine NMNH14143 - 847 - Spessartine NMNH14143

COMPOSITIONAL ANALYSIS_TYPE: EM(WDS) # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION: $i02: 35.02 wts NROFF: SiO,
COMPOSITION: TiO2: 0.07 wts NROFF: TiO,
COMPOSITION: Al203: 20.74 wt$ NROFF: Al,0,
COMPOSITION: FeO: 10.40 wts NROFF: FeO
COMPOSITION: MnO: 30.82 wts NROFF: MnO
COMPOSITION: Mg0: 0.04 wts  NROFF: Mg0
COMPOSITION: Ca0: 1.61 wts NROFF: Ca0
COMPOSITION: Na20: 0.09 wts NROFF: Na,0
COMPOSITION: K20: 0.03 wts NROFF: K,0
COMPOSITION: ------------ccvvccnna-

COMPOSITION: Total: 98.81 wt$

COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

Microprobe analysis found one heterogeous area where all oxides, including
silica, summed to only 27 wt% (this is probably a flaw in carbon coating).
Otherwise, FeO varies from 7.5 to 12%, with inverse wvariation in MnO.
Average of 10 analyses (other than anomalous point). Analyst: Lou Walter
(done on Smithsonian microprobe using WDS?)

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared (2.1-
25um) Spectra of Minerals: First Edition, U.S. Geological Survey Open File
Report 87-263.

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 4499 0.2-3.0pm 200 g.8.=



Spessartine NMNH14143
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- 849 - Spessartine HS112

TITLE: Spessartine HS112 Garnet DESCRIPT

DOCUMENTATION_ FORMAT: MINERAL

SAMPLE_ID: HS11l2

MINERAL_TYPE: Nesosilicate

MINERAL: Spessartine (Garnet group)

FORMULA: Mn3A12(Si04)3

FORMULA_NROFF: Mn,Al,(SiO,),

COLLECTION_LOCALITY: Haddon, Connecticut

ORIGINAL DONOR: Hunt and Salisbury Collection

CURRENT_SAMPLE_ LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE_DESCRIPTION:

Forms series with Almandine.

"Spessartite 112B--Haddon, Conn. Mn,Al,(SiO,),: Spessartite is less
common than many garnets, occurring primarily in metamorphic rocks and
granite pegmatites. The dominant features in the spectrum are the intense
bands at 1.275 and 1.7 u due to the presence of ferrous iron in eight-fold
coordination, as discussed above. The visible spectrum falls off sharply
to the blue producing a maxXimum near 0.8 u. In the larger particle sizes
this feature shows a shoulder near 0.9 u, indicating the presence of Fe3*.
While the visible spectrum displays the very sharp feature at 0.41 pu
characteristic of Mn?* absorption, the rest of its usually distinctive
spectrum is degraded by the presence of absorptions by both Fe3* and Fe2?*.
Together these 3 ions can account for the bands at 0.37, 0.43 u, the broad
general absorption centered near 0.55 u, and the fall off to the blue."
Hunt, G.R., J.W. Salisbury, and C.J. Lenhoff, 1973, Visible and near-
infrared spectra of minerals and rocks: VI. Additional silicates.
Modern Geology, v. &, p. 85-106.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

END XRD ANALYSIS.

COMPOSITIONAL ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

END_COMPOSITION DISCUSSION.

MICROSCOPIC_EXAMINATION:



Spessartine HS112 - 8§50 - Spessartine HS112
MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4510 0.2-3.0pm 200 g.s.=
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- 8§52 - Spessartine WS480

TITLE: Spessartine WS480 Garnet DESCRIPT
DOCUMENTATION_FORMAT: MINERAL

SAMPLE 1ID: WS480

MINERAL TYPE: Nesosilicate

MINERAL: Spessartine (Garnet group)

FORMULA: Mn3Al2(Si04)3

FORMULA NROFF: Mn,Al,(Si0,),

COLLECTION_LOCALITY: Ely, Nevada

ORIGINAL DONOR: Ward Natural Science Collection
CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE DESCRIPTION:

Forms series with Almandine.

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

END_COMPOSITION DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splib0O4a r 4520 0.2-3.0um 200 g.s.=
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- §54 - Spessartine WS481

TITLE: Spessartine WS481 Garnet DESCRIPT
DOCUMENTATION_FORMAT: MINERAL

SAMPLE ID: WS481

MINERAL TYPE: Nesosilicate

MINERAL: Spessartine (Garnet group)

FORMULA: Mn3A12(Si04)3

FORMULA_NROFF: Mn,Al,(SiO,),

COLLECTION_LOCALITY: Shamburu, Kenya

ORIGINAL DONOR: Ward Natural Science Collection
CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE_DESCRIPTION:

Forms series with Almandine.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

END_XRD_ANALYSIS.

COMPOSITIONAL_ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

END_COMPOSITION DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4530 0.2-3.0pm 200 g.s.=
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- 8§56 - Sphalerite HS136

TITLE: Sphalerite HS136 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: HS136

MINERAL TYPE: Sulfide

MINERAL: Sphalerite

FORMULA: ZnS

FORMULA_NROFF: ZnS

COLLECTION_LOCALITY: Summit County, Colorado

ORIGINAL DONOR: Hunt and Salisbury Collection

CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE _LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE_DESCRIPTION:

"8S-22. Sphalerite. Summit County, Colorado (136B). Sphalerite, ZnS, is
the most important ore of zinc. It is typically deposited in veins by low
temperature hydrothermal solutions. Sphalerite is colorless when pure,

but naturally occurring samples are usually brown or black, the darkening
occurring as iron substitues for zinc. This sample is a resinous brown

color, typical of sphalerites. Zinc sulphide 1is a well known
semiconductor material and, when doped with impurity ions, is a
conventional phosphor. Doping with copper produces blue and /or green

luminescence centers, while manganese produces orange-yellow centers. The
presence of iron in the zinc sulphide acts as a luminescence killer. The
macroscopic pure zinc sulphide lattice displays negligible absorption down
to about 0.35u, where the sharp absorption edge indicates the beginning of
the conduction band. This sample of sphalerite does mnot disgplay the
near-infrared bands typical of either ferrous or ferric ions in other
samples, because the iron is not in an octahedral site. It does show a
rapid fall-off in reflectivity between 0.6u and 0.35u. This tail to the
absorption edge of pure ZnS is probably caused by defects in the periodic
lattice and boundary effects, as well as to some extrinsic absorption due
to the impurity iron. The fall-off in reflectivity beween 2.0 and 2.5u is
an unusual feature, which we have only noticed before in aluminum
compounds. The explanation given there cannot be applied here. The
valence band of zinc sulphide does not extend to such short wavelength and
so we tentatively suggest that it may be due to the excitation of
electrons from the valence band to some fundamental level of an impurity
ion."

Sieve interval 74 - 250um.

Hunt, G.R., J.W. Salisbury, and C.J. Lenhoff, 1971, Visible and near-
infrared spectra of minerals and rocks: IV. Sulphides and sulphates.
Modern Geology, v. 3, p. 1l-1l4.

END_SAMPLE DESCRIPTION.
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Sphalerite HS136 - 857 - Sphalerite HS136

XRD_ANALYSIS:

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 4541 0.2-3.0um 200 g.5.=
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TITLE: Sphalerite S§102-7 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: S102-7

MINERAL TYPE: Sulfide

MINERAL: Sphalerite

FORMULA: ZnS

FORMULA_NROFF: ZnS

- 8§59 -

Sphalerite §102-7

COLLECTION_LOCALITY: Guymard Mine, Guymard, Orange County, New York

ORIGINAL DONOR: Jules Friedman

CURRENT_SAMPLE LOCATION: USGS Reston, VA

ULTIMATE_SAMPLE LOCATION: USGS Reston, VA

SAMPLE_DESCRIPTION:

Field sample from a study of the Shawangunk Region of New York.

For more information on this

Mutschler, Felix E.,

sample

reference:

Friedman, Jules D.,
Zartman, Robert E., Briggs, Paul H., Swayze, Gregg
A., Theisen, Arnold F.,

Shawangunk Ore District, New York:
Geological Survey Open File Report

Geochemical and Spectral Data, U.S.

89-193.

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

END_XRD_ANALYSIS.

COMPOSITIONAL_ANALYSIS_TYPE: None

COMPOSITION_TRACE:
COMPOSITION TRACE:
COMPOSITION_TRACE:
COMPOSITION_TRACE:
COMPOSITION_TRACE:
COMPOSITION TRACE:
COMPOSITION_TRACE:
COMPOSITION TRACE:
COMPOSITION TRACE:
COMPOSITION_TRACE:
COMPOSITION TRACE:
COMPOSITION_TRACE:
COMPOSITION_TRACE:
COMPOSITION_TRACE:
COMPOSITION_TRACE:
COMPOSITION TRACE:

Ag
As
Au
Ccd
Cr
Cu
Hg
Mn
Ni
Pb
Sb
Se
Te
Tl
v

Zn

COMPOSITION _DISCUSSION:

# XRF, EM(WDS), ICP(Trace), WChem

27
50

300
450
1050

48.

15
10

35
<25

<0.

<5

.010

ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm

ppm
ppm
ppm
ppm
ppm



Sphalerite S102-7 - S60 - Sphalerite S§102-7

Mode wts
Gal 6.5
Sph 63.0
Cpy 0.3
Py
Qtz 30.0

Assay wts
Cu 0.12
Fe 3.65
Pb 7.35
Zn 38.63
S 20.6

Friedman, Jules D., Mutschler, Felix E., Zartman, Robert E., Briggs, Paul
H., Swayze, Gregg A., Theisen, Arnold F., 1989, Shawangunk Ore District,
New York: Geochemical and Spectral Data, U.S. Geological Survey Open
File Report 89-193.

END_COMPOSITION DISCUSSION.

MICROSCOPIC_ EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB SPECTRA: splibO4a r 4552  0.2-3.0pm 200 g.s.=
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- 862 - Sphalerite S102-8

TITLE: Sphalerite S102-8 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE _ID: S102-8

MINERAL TYPE: Sulfide

MINERAL: Sphalerite

FORMULA: ZnS

FORMULA_NROFF: ZnS

COLLECTION_LOCALITY: Guymard Mine, Guymard, Orange County, New York
ORIGINAL DONOR: Jules Friedman

CURRENT_SAMPLE LOCATION: USGS Reston, VA

ULTIMATE _SAMPLE LOCATION: USGS Reston, VA

SAMPLE_DESCRIPTION:

Field sample from a study of the Shawangunk Region of New York.

For more information on this sample reference: Friedman, Jules D.,
Mutschler, Felix E., Zartman, Robert E., Briggs, Paul H., Swayze, Gregg
A., Theisen, Arnold F., 1989, Shawangunk Ore District, New York:
Geochemical and Spectral Data, U.S. Geological Survey Open File Report
89-193.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS TYPE: ICP # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE: Ag 12 ppm
COMPOSITION_TRACE: As 35 ppm
COMPOSITION TRACE:  Au 0.005 ppm
COMPOSITION_TRACE: Ccd 450 ppmn
COMPOSITION_TRACE: Cr 50 ppm
COMPOSITION_TRACE: Cu 500 pPpm
COMPOSITION_TRACE: Hg 78.0 ppm
COMPOSITION_TRACE: Mn 5 PpPm
COMPOSITION_TRACE: Ni 5 ppm
COMPOSITION_TRACE: Pb

COMPOSITION_TRACE: sb <25 PP
COMPOSITION_TRACE: Se <25 PPR
COMPOSITION TRACE: Te 0.53 ppm
COMPOSITION_TRACE: Tl <0.2 ppm
COMPOSITION_TRACE: v <5 PP

COMPOSITION_TRACE: Zn



Sphalerite §102-8 - §63 - Sphalerite S$102-8

COMPOSITION_DISCUSSION:

Mode wtd
Gal 4.0
Sph 90.0
Cpy
Py
Qtz 6.0

Assay wts
Cu 0.06
Fe 4,25
Pb 3.35
Zn 56.06
S 29.1

Friedman, Jules D., Mutschler, Felix E., Zartman, Robert E., Briggs, Paul
H., Swayze, Gregg A., Theisen, Arnold F., 1989, Shawangunk Ore District,
New York: Geochemical and Spectral Data, U.S. Geological Survey Open
File Report 89-193.

END_COMPOSITION DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4562 0.2-3.0um 200 g.s.=
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- 565 - Sphalerite §26-34

TITLE: Sphalerite S26-34 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: S26-34

MINERAL_TYPE: Sulfide

MINERAL: Sphalerite

FORMULA: ZnS

FORMULA NROFF: ZnS

COLLECTION_LOCALITY: Ellenville (Ulster) Mine, Ellenville, Ulster County, New York
ORIGINAL DONOR: Jules Friedman

CURRENT_SAMPLE_LOCATION: USGS Reston, VA

ULTIMATE_SAMPLE LOCATION: USGS Reston, VA

SAMPLE _DESCRIPTION:

Field sample from a study of the Shawangunk Region of New York.

For more information on this sample reference: Friedman, Jules D.,
Mutschler, Felix E., Zartman, Robert E., Briggs, Paul H., Swayze, Gregg
A., Theisen, Arnold F., 1989, Shawangunk Ore District, New York:
Geochemical and Spectral Data, U.S. Geological Survey Open File Report
89-193.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS_TYPE: ICP # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION TRACE: Ag 3.5 ppm
COMPOSITION_TRACE: As <25 Ppm
COMPOSITION TRACE: Au <0.005 ppm
COMPOSITION_TRACE: Cd 1000 ppm
COMPOSITION_TRACE: Cr 10 pPpm
COMPOSITION TRACE: Cu 200 ppm
COMPOSITION TRACE: Hg 210.0 ppm
COMPOSITION_TRACE: Mn 25 Ppm
COMPOSITION_TRACE: Ni <5 pPpm
COMPOSITION_TRACE: Pb <25 ppm
COMPOSITION_ TRACE: Sb 50 PpPm
COMPOSITION_TRACE: Se <25 PP
COMPOSITION_TRACE: Te 0.53 ppm
COMPOSITION_TRACE: Tl <0.2 ppm
COMPOSITION_TRACE: v <5 ppm

COMPOSITION_TRACE: Zn

COMPOSITION_DISCUSSION:



Sphalerite S26-34 - 566 - Sphalerite §26-34

Mode wts
Gal
Sph 97.0
Cpy
Py
Qtz 2.0
Assay wts
Cu 0.03
Fe 5.27
Pb <0.01
Zn 59.42
S 30.5

Friedman, Jules D., Mutschler, Felix E., Zartman, Robert E., Briggs, Paul
H., Swayze, Gregg A., Theisen, Arnold F., 1989, Shawangunk Ore District,
New York: Geochemical and Spectral Data, U.S. Geological Survey Open
File Report 89-193.

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4572 0.2-3.0um 200 g.5.=



- A84 - Andalusite NMNHR17898

TITLE: Andalusite NMNHR17898 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE ID: NMNH17898

MINERAL_TYPE: Nesosilicate

MINERAL: Andalusite

FORMULA: Al12Si05

FORMULA_NROFF: Al,SiO,

COLLECTION_LOCALITY: St. Theresa, Espirito Santo, Brazil

ORIGINAL _DONOR: National Museum of Natural History

CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE_DESCRIPTION:

Forms series with Kanonaite. Trimorphous with Kyanite and Sillimanite.
The structure consists of chains of Al0, octahedra parallel to c, cross-
linked by SiO, tetrahedra and AlO. polyhedra. Andalusite is typically
formed in the contact aureoles of igneous intrusions in argillaceous
rocks.

"Results of petrographic examination: Sample is composed of two crystals,
one clear and one pale pink. Both appear pure, both 1 x 0.5 cm.
Examination under petrographic microscope indicates pure and clean sample.
Sample grains chosen for microprobe analysis are clear but with poor
polish in part. "

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25um) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.

There are weak absorption features near 2.2 and 2.35 um due to trace
alteration not seen by other methods. -Roger N. Clark

END_ SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

Pure. (Norma Vergo)

Pure.:

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared

(2.1-25um) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.

END_XRD_ANALYSIS.
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- S68 - Sphalerite $26-35
TITLE: Sphalerite S26-35 DESCRIPT
DOCUMENTATION _FORMAT: MINERAL
SAMPLE_ID: S26-35
MINERAL TYPE: Sulfide
MINERAL: Sphalerite
FORMULA: ZnS
FORMULA NROFF: ZnS
COLLECTION_LOCALITY: Ellenville (Ulster) Mine, Ellenville, Ulster County, New York
ORIGINAL DONOR: Jules Friedman
CURRENT_SAMPLE_LOCATION: USGS Reston, VA
ULTIMATE_SAMPLE LOCATION: USGS Reston,. VA
SAMPLE _DESCRIPTION:
Field sample from a study of the Shawangunk Region of New York.
For more information on this sample reference: Friedman, Jules D.,
Mutschler, Felix E., Zartman, Robert E., Briggs, Paul H., Swayze, Gregg
A., Theisen, Arnold F., 1989, Shawangunk Ore District, New York:
Geochemical and Spectral Data, U.S. Geological Survey Open File Report
89-193,
END_ SAMPLE DESCRIPTION.
XRD_ANALYSIS:

END_XRD_ ANALYSIS.

COMPOSITIONAL ANALYSIS TYPE: ICP # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION TRACE: Ag 4.5 ppm
COMPOSITION TRACE: As <25 ppm
COMPOSITION TRACE: Au 0.025 ppm
COMPOSITION TRACE: Cd 1100 ppm
COMPOSITION TRACE: Cr 50 ppm
COMPOSITION TRACE: Cu 450 ppm
COMPOSITION TRACE: Hg 220.0 ppm
COMPOSITION TRACE: Mn 25 ppm
COMPOSITION TRACE: Ni <5 ppm
COMPOSITION TRACE: Pb 30 ppm
COMPOSITION TRACE: Sb 70 ppm
COMPOSITION TRACE: Se <25 ppm
COMPOSITION TRACE: Te 0.57 ppm
COMPOSITION TRACE: Tl <0.2 ppm
COMPOSITION TRACE: V 10 ppm

COMPOSITION_TRACE: Zn

COMPOSITION _DISCUSSION:



Sphalerite §26-35 - S69 - Sphalerite S26-35

Mode wts
Gal
Sph 95.0
Cpy
Py 1.0
Qtz 3.0
Assay wtg
Cu 0.08
Fe 8.20
Pb <0.01
Zn 55.51
S 31.9

Friedman, Jules D., Mutschler, Felix E., Zartman, Robert E., Briggs, Paul
H., Swayze, Gregg A., Theisen, Arnold F., 1989, Shawangunk Ore District,
New York: Geochemical and Spectral Data, U.S. Geological Survey Open
File Report 89-193.

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END MICROSCOPIC EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA _HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4582 0.2-3.0um 200 g.s.=
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- 871 - Sphene HS189
TITLE: Sphene, Titanite HS189 DESCRIPT
DOCUMENTATION_ FORMAT: MINERAL
SAMPLE ID: HS189
MINERAL TYPE: Nesosilicate
MINERAL: Titanite (Sphene)
FORMULA: CaTiSiO5
FORMULA NROFF: CaTi0(SiO,)
COLLECTION_LOCALITY: Ontario, Canada
ORIGINAL DONOR: Hunt and Salisbury Collection
CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE DESCRIPTION:
"N-16 Sphene 189B--Ontario. CaTiO(Si0,): Sphene is a widespread
accessory mineral in igneous and metamorphic rocks. Calcium may be
replaced partially by strontium and barium, or by the rare earths and
thorium, the higher valencies of the latter being balanced by the entry of
trivalent iron and aluminum into the titanium position. The titanium may
be partially replaced by Sn, Nb and Ta, with possible compensation of Na
replacing Ca. Finally, one O may be replaced by OH or F. This particular
sample is a dark reddish brown, apparently due primarily to both the
ferric iron and titanium, as described for rutile (see Part III, p. 204,
spectrum 0-15A). The presence of about 5 percent opaque magnetite lowers
the overall reflectivity of this sample."
Sieve interval 74 - 250um.
Hunt, G.R., J.W. Salisbury, and C.J. Lenhoff, 1973, Visible and near-
infrared spectra of minerals and rocks: VI. Additional silicates.
Modern Geology, v. 4, p. 85-106.
END_SAMPLE DESCRIPTION.
XRD_ANALYSIS:
END_XRD_ANALYSIS.
COMPOSITIONAL_ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:
COMPOSITION_DISCUSSION:
END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:



Sphene HS189 - 872 - Sphene HS189
END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 4593 0.2-3.0pm 200 g.s.=



Sphene HS189
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- 874 - Spodumene HS210

TITLE: Spodumene HS210 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: HS210

MINERAL_TYPE: Inosilicate

MINERAL: Spodumene (Pyroxene group)

FORMULA: LiA1Si206

FORMULA_NROFF: LiAlSi,O,

COLLECTION_LOCALITY: Afghanistan

ORIGINAL DONOR: Hunt and Salisbury Collection

CURRENT_SAMPLE _LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE_DESCRIPTION:

"I-7 Spodumene 210B-Afganistan. LiAlSi,O,: Spodumene is a characteristic
mineral of 1lithium-rich granite pegmatites. It usually does not have a
wide range of composition, but this sample contains enough ferrous iron to
provide the broad weak band near 1.0px and the fall off to the blue in the
visible. In addition, water bands at l.4u and 1.9y are evident, and the
quite sharp feature near 2.2y is a combination band of the OH stretching
mode. These bands are due to a surprising small amount of clay mineral
deposited in microfractures in the spodumene.”

Sieve interval 74 - 250um.

Hunt, G.R., J.W. Salisbury, and C.J. Lenhoff, 1973, Visible and near-
infrared spectra of minerals and rocks: VI. Additional silicates.
Modern Geology, v. 4, p. 85-106.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

Spodumene + quartz + trace muscovite (Norma Vergo).

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS _TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_ DISCUSSION:

END_COMPOSITION DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.



Spodumene HS210 - 8§75 - Spodumene HS210
DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 4604 0.2-3.0pm 200 g.s.~



Spodumene HS210

- 8§76 -

BucT0dd33 y0SY J epoqyids

G°'c 0°¢c

L% €V 986%3/30/0% 434 S8V 28THIM

(wr)

H19N313IAVM
= 0°7

8€E°0T2SH auauwnpods

N €S 02 EBEY/¥YT/0%
Qe AdD2904329d8 JeAuSg ‘ASAJnNg 1823BOI0ES ‘S °N

30ONV10371434



Andalusite NMNHR17898 - A85 - Andalusite NMNHR17898

COMPOSITIONAL ANALYSIS_TYPE: EM # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION: $io2: 37.19 wtg NROFF: SiO,
COMPOSITION: Tio2: 0.03 wts NROFF: TiO,
COMPOSITION: Al203: 63.62 wts NROFF: Al,O,
COMPOSITION: FeO: 0.26 wts NROFF: FeO
COMPOSITION: MnO: 0.01 wts NROFF: MnO
COMPOSITION: MgO: 0.06 wts NROFF: MgO
COMPOSITION: Ca0: 0.02 wts NROFF: CaO
COMPOSITION: Na20: 0.02 wts NROFF: Na,0
COMPOSITION: K20: 0.01 wts NROFF: K,0
COMPOSITION: ---cceoccccccccccnnanan.

COMPOSITION: Total: 101.22 wt%

COMPOSITION: O=Cl,F,S: wt$ #correction for Cl, F, S
COMPOSITION: New Total: wtg

COMPOSITION_TRACE: None

COMPOSITION_DISCUSSION:

"Microprobe analysis shows the sample to be homogeneous within and between
grains. Average of 10 analyses, indicating close to end member
composition.”

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25um) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

av gr sz = 245um

Mixed pink & clear grains, mostly chonchoidal fracture, some cleavage
planes, length fast, high relief, moderate 2V, biaxial (-), pink
pleochroism. All this is consistent with andalusite. G. Swayze
END_MICROSCOPIC_EXAMINATION.

DOCUMENTED BY: bmiddleb@speclab (Barry J. Middlebrook)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 345 0.2-3.0um 200 g.S.= 245 um



- 877 - Staurolite HS188

TITLE: Staurolite HS188 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE ID: HS188

MINERAL TYPE: Nesosilicate

MINERAL: Staurolite

FORMULA: Fe(+2)2A1906(Si04)4(0,0H)2

FORMULA_NROFF: Fe,*2A1,0.(Si0,),(0,0H),

COLLECTION_LOCALITY: Fannin County, Georgia

ORIGINAL DONOR: Hunt and Salisbury Collection

CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

N-14 Staurolite 188B--Fannin Co., Georgia. (Fe?*, Mg),(Al, Fe3*),0,
(sio,),(0, OH),: Staurolite, 1like kyanite and sillimanite is a typical
mineral found in medium grade metamorphosed argillaceous rocks. It is
produced at a lower temperature-pressure than is kyanite. This spectrum
shows strong general absorption to both long and short wavelengths which
produces an apparent reflectivity maximum near 1.05 u. The fall off to
longer wavelengths must be due to generalized hydroxyl and water
absorptions and is quite similar in appearance to the spectrum of diaspore
(see Part III, p. 200, spectrum (-6). The fall off in the visible must
be due to absorptions by ferrous and ferric ironm.

Sieve interval 74 - 250um.

Hunt, G.R., J.W. Salisbury, and C.J. Lenhoff, 1973, Visible and near-
infrared spectra of minerals and rocks: VI. Additional silicates.
Modern Geology, v. 4, p. 85-106.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

END_XRD ANALYSIS.

COMPOSITIONAL_ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

END_COMPOSITION DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.



Staurolite HS188 - §78 - Staurolite HS188
DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4615 0.2-3.0pm 200 g.s.=



Staurolite HS188
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- S80 - Stilbite GDS8

TITLE: Stilbite GDS8 Zeolite DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE ID: GDS8

MINERAL TYPE: Tectosilicate

MINERAL: Stilbite (Zeolite group)

FORMULA: NaCa2A15Si13036*14H20

FORMULA_NROFF: NaCa,Al.Si,,0,,¢#14H,0

COLLECTION_LOCALITY: Nasik, India

ORIGINAL DONOR: Wards Scientific

CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE DESCRIPTION:

The sample appears white and to be spectrally pure.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

Primarily a zeolite of the heulandite group - best match 1is stellerite,
but this isn't definitive

Konnert, Judith and Marta Flohr, 1992, unpublished data, USGS Reston, VA.
Stilbite is also a member of the heulandite group.

END_XRD ANALYSIS.

COMPOSITIONAL ANALYSIS_TYPE: # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: rclark@speclab (Roger N. Clark)

LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4625 0.2-3.0um 200 g.s.=
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- S82 - Stilbite HS482

TITLE: Stilbite HS482 Zeolite DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: HS482

MINERAL TYPE: Tectosilicate

MINERAL: Stilbite (Zeolite Group)

FORMULA: NaCa2A15Si13036%*14H20

FORMULA_NROFF: NaCa,Al,S1,,0,,014H,0

COLLECTION_LOCALITY: Nova Scotia

ORIGINAL DONOR: Hunt and Salisbury Collection

CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

A spectrum for this sample was published in: Hunt, G.R., J.W. Salisbury,
and C.J. Lenhoff, 1973, Visible and near-infrared spectra of minerals and
rocks: VI. Additional silicates. Modern Geology, v. 4, p. 85-106.

With the note: "The major water features occur at 0.985, 1.17, 1.44,
1.92um and the bands are generally broad and not well resolved. The
reflectivities for sizes I through IV are 98, 91, 79, and 62% at 1.lum.
END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

END_XRD ANALYSIS.

COMPOSITIONAL ANALYSIS_TYPE: # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: wcalvin@speclab (Wendy M. Calvin)

LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 4635 0.2-3.0um 200 g.s.=



Stilbite HS482
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- S84 - Strontianite HS272

TITLE: Strontianite HS272 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: HS272

MINERAL TYPE: Carbonate

MINERAL: Strontianite (Aragonite group)

FORMULA: SrCO3

FORMULA NROFF: SrCO,

COLLECTION_LOCALITY: Germany

ORIGINAL DONOR: Hunt and Salisbury Collection

CURRENT_ SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE _DESCRIPTION:

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

END_XRD ANALYSIS.

COMPOSITIONAL ANALYSIS_TYPE: # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

END_COMPOSITION DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4645 0.2-3.0um 200 g.5.=



Strontianite HS272
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- §86 - Sulfur GDS9%4
TITLE: Sulfur GDS94 DESCRIPT
DOCUMENTATION_FORMAT: ELEMENT
SAMPLE_ID: GDS94
MINERAL TYPE: Element
MINERAL: Sulfur
FORMULA: S
FORMULA NROFF: S
COLLECTION_LOCALITY: Reagent grade
ORIGINAL DONOR:
CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE DESCRIPTION:
Reagent grade sulfur.
END_SAMPLE DESCRIPTION.
XRD_ANALYSIS:

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS_TYPE: # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION: S: 100.0 wtg NROFF: S

COMPOSITION: wvolatile: wt$ NROFF: volatile

COMPOSITION: unknown: wtd NROFF: unknown

COMPOSITION: ---cccccccccccccancaoo-

COMPOSITION: Total: 100.0 wt%

COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

END COMPOSITION DISCUSSION.

MICROSCOPIC_EXAMINATION:

END_MICROSCOPIC_EXAMINATION.

DOCUMENTED BY: agall@speclab (Andrea J. Gallagher)
LIB_SPECTRA_HED: where Wave Range Av_Rs Pwr Comment

LIB_SPECTRA: splibO4a r 4655 0.2-3.0um 200 g.s.=
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- §88 - Syngenite GDS139
TITLE: Syngenite GDS139 DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE_ID: GDS139
MINERAL TYPE: Hydrous Sulfate
MINERAL: Syngenite
FORMULA: K2Ca(S04)2%*H20
FORMULA NROFF: K,Ca(SO,),eH,0
COLLECTION_LOCALITY: X-rayed (Synthetic)
ORIGINAL DONOR: Jim Crowley
CURRENT_SAMPLE LOCATION: USGS Reston, Virginia
ULTIMATE SAMPLE_LOCATION: USGS Reston, Virginia
SAMPLE_DESCRIPTION:
evaporation of K,S0, + CaSO, solution at room temperature
Spectrum originally published in:
Crowley, J.K., 1991, Visible and Near-Infrared (0.4 - 2.5um)
Reflectance Spectra of Playa Evaporite Minerals: Journal of

Geophysical Research, vol %6, no.B10, p. 16,231-16,240.

END SAMPLE DESCRIPTION.

XRD_ANALYSIS:

Pure syngenite. (Crowley, 1991)

END_XRD_ANALYSIS.

COMPOSITIONAL_ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE: None

COMPOSITION_DISCUSSION:

evaporation of K,50, + CaSOA solution at room temperature

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_ EXAMINATION:
END_MICROSCOPIC_EXAMINATION.

DOCUMENTED_ BY: smoore@speclab (Shelley Moore)

LIB_SPECTRA HED: where Wave Range Av_Rs_Pwr Comment



Syngenite GDS139 - S89 - Syngenite GDS139

LIB_SPECTRA: splibO4a r 4665 0.2-3.0um 200 g.5.=
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-T1 - Talc GDS23

TITLE: Talc GDS23 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: GDS23

MINERAL TYPE: Phyllosilicate

MINERAL: Talc

FORMULA: Mg3Si4010(OH)2

FORMULA_NROFF: Mg,Si,0,,(OH),

COLLECTION_LOCALITY: Feiser Mine, Ruby Mountains, Montana
ORIGINAL DONOR: Jim Crowley

CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE DESCRIPTION:

"Petrographic examination: Hand sample 1is massive, fine-grained and
slightly greenish in color. Under microscope, sample is
cryptocrystalline."

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25pm) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

Pure talc.

Salisbury, J. W., Walter, L. W., and Vergo, N., 1987, Mid-Infrared
(2.1-25um) Spectra of Minerals: First Edition, U.S. Geological Survey
Open File Report 87-263.

END_XRD_ANALYSIS.

COMPOSITIONAL_ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION_TRACE:

COMPOSITION_DISCUSSION:

END_COMPOSITION_DISCUSSION.

MICROSCOPIC EXAMINATION:

END_MICROSCOPIC_EXAMINATION.



Talc GDS23 - T2 - Talc GDS23
DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment

LIB_SPECTRA: splibO4a r 4675 0.2-3.0pm 200 g.s.=



Talc GDS23
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- T4 - Talc HS21

TITLE: Talc HS21 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE_ID: HS21

MINERAL_TYPE: Phyllosilicate

MINERAL: Talc |

FORMULA: Mg3Si4010(0OH)2

FORMULA_NROFF: Mg,Si,0,,(0H),

COLLECTION_LOCALITY: Swain County, North Carolina

ORIGINAL DONOR: Hunt and Salisbury Collection
CURRENT_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE_DESCRIPTION:

"S-20. Talc. Swain Co., N.C. (21B). Talc 1is a hydrous magnesium
silicate, essentially Mg,5i,0,,(0OH),, of secondary origin. It may be
found in altered 1igneous rocks, but 1is more typical of metamorphic
varieties. It is formed by alteration of magnesian silicates such as
olivine, pyroxenes and amphiboles. Talc may bear a little iron, aluminum
or nickel, and ferrous ion in this talc probably accounts for the iron
bands on either side of 1p. The sample appears uncontaminated by
unaltered pyroxene, which might otherwise contribute these bands.
Hydroxyl bands are particularly strong and sharp in this sample, which
displays them near 1.4y and 2 to 2.6 u. The extremely sharp, but weak
feature at 0.95u must also be due to OH."

Hunt, G.R., J.W. Salisbury, 1970, Visible and near-infrared spectra of
minerals and rocks: I. Silicate minerals. Modern Geology, v. 1, p.

283-300.
END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

Talc + med. amount chlorite; M: ~2% chlorite, <<2% magnetite (Norma
Vergo)

END_XRD_ANALYSIS.



Talec HS21 - TS5 - Talc HS21

COMPOSITIONAL ANALYSIS_TYPE: EM (WSA) # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION: $102: 60.47 wts NROFF: Si0,
COMPOSITION: Ti02: 0.04 wts NROFF: TiO,
COMPOSITION: Al203: 0.12 wts NROFF: Al,Q,
COMPOSITION: Fe203: 0.87 wts NROFF: Fe,0,
COMPOSITION: FeO: 0.10 wts NROFF: FeO
COMPOSITION: MnO: 0.01 wts NROFF: MnO
COMPOSITION: MgO: 30.29 wts NROFF: MgO
COMPOSITION: ZnO: 0.00 wts NROFF: ZnO
COMPOSITION: Ba0: 0.01 wts NROFF: BaO
COMPOSITION: Ca0: 0.05 wts NROFF: CaO
COMPOSITION: Na20: 0.04 wts NROFF: Na,0
COMPOSITION: K20: 0.00 wts NROFF: K,0
COMPOSITION: P205: 0.27 wts NROFF: P,0,
COMPOSITION: Cl: 0.01 wts NROFF: Cl
COMPOSITION: F: 0.51 wts NROFF: F
COMPOSITION: L0I: 5.31 wts NROFF: LOI
COMPOSITION: -------v-vccecoccacann-

COMPOSITION: Total: 92.31 wt%

COMPOSITION_TRACE: None
COMPOSITION_DISCUSSION:

Because of variability in the analyses, most Fe is probably Fe*?. Average
of 6 point analysis.

NOTE: Conversion of Fe,0, to FeO. This sample has too much chlorite.
Therefore, Fe ratios are unusable.

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

END MICROSCOPIC_EXAMINATION.

DOCUMENTED_BY: bmiddleb@speclab (Barry J. Middlebrook)
LIB_SPECTRA_HED: where Wave Range Av _Rs Pur Comment

LIB_SPECTRA: splibO4a r 4687 0.2-3.0pm 200 g.s.-



Talc HS21
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- A87 - Andesine HS142

TITLE: Andesine HS142 Plagioclase DESCRIPT

DOCUMENTATION_ FORMAT: MINERAL

SAMPLE _ID: HS142

MINERAL TYPE: Tectosilicate

MINERAL: Andesine (Plagioclase)(Feldspar group)

FORMULA: (Na,Ca)Al(Al,Si)Si208

FORMULA_NROFF: (Na,Ca)Al(Al,Si)Ssi,0,

COLLECTION_LOCALITY: Montana

ORIGINAL DONOR: Hunt and Salisbury Collection

CURRENT SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

ULTIMATE SAMPLE LOCATION: USGS Denver Spectroscopy Laboratory

SAMPLE _DESCRIPTION:

Andesine is a plagioclase feldspar series mineral whose end members are
albite (Na) and anorthite (Ca). Andesine falls into the 30-50% anorthite
category in this series.

This sample is a mixture of different phases and was labeled andesine
porphyry. The mineral mode confirms this. Average grain size is 40um.
This sample could benefit from magnetic separation.

74-250um sieve interval.

The spectrum indicates a weak absorption band near 2.2-2.3 um, apparently
due to trace alteration not detected by other methods. Roger N. Clark

END_SAMPLE DESCRIPTION.

XRD ANALYSIS:

None

END_XRD_ ANALYSIS.

COMPOSITIONAL_ANALYSIS_TYPE: None # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION TRACE: None

COMPOSITION_DISCUSSION:

No compositional analyses available

END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:



- 17 - Talc WS659

TITLE: Talc WS659 DESCRIPT

DOCUMENTATION_FORMAT: MINERAL

SAMPLE ID: WS659

MINERAL TYPE: Phyllosilicate

MINERAL: Talc

FORMULA: Mg3Si4010(OH)2

FORMULA_NROFF: Mg,Si,0,,(0H),

COLLECTION_LOCALITY: Fowler, New York

ORIGINAL_DONOR: Ward Natural Science Collection
CURRENT_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
ULTIMATE_SAMPLE_LOCATION: USGS Denver Spectroscopy Laboratory
SAMPLE DESCRIPTION:

END_SAMPLE DESCRIPTION.

XRD_ANALYSIS:

END_XRD_ANALYSIS.

COMPOSITIONAL ANALYSIS_TYPE: EM (WSA) # XRF, EM(WDS), ICP(Trace), WChem
COMPOSITION: Si02: 58.38 wt% NROFF: SioO,
COMPOSITION: Ti02: 0.03 wts NROFF: TioO,
COMPOSITION: Al203: 0.18 wts NROFF: Al,0,
COMPOSITION: FeO<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>