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U ltraviolet fluorescenGe
of minerals

examples from
New Mexico

by Peter J Modreski
U.S. Geological Survey, MS-922, Box 25046,
Denver Federal Center, Lakewood, C0 80225

Full color photographs inside .

Fluorescence, as the term is commonly
used, refers to the emission of visible light
by substances during their irradiation by
ultraviolet (UV) light. Most minerals are not
perceptibly fluorescent but many are, in-
cluding a large number of light-colored, iron-
free minerals. A few minerals, such as schee-
lite and autunite, are always or nearly always
fluorescent because of the intrinsic presence
of ions or atomic groups that absorb UV ra-
diation and emit visible light. Most, such as
fluorite, calcite, and apatite, are variably
fluorescent depending on the presence of
suitable impurity elements ("activators, " such
as Mnt*, Crr*, Fe'*, and Dy3*) that cause
fluorescence, and the absence of others
("quenchers," such as Fet*, Cu'*, or Nit*)
that destroy it. In some minerals a "coacti-
vator" or "sensitizer," such as Pb'*, is re-
quired to provide the necessary energy levels
to absorb UV radiation. Phosphorescence is
the continued emission of Iight from a ma-
terial after the source of irradiation has been
removed. Luminescence is a general term
encompassing fluorescence plus light emis-
sion due to other forms of excitation, such
as cathodoluminescence.

Fluorescence in minerals is observed com-
monly through excitation by two types of UV
source: shortwave UV light, usually pro-
duced by a low-pressure mercury discharge
lamp that produces a spectrum containing
the Hg line at a wavelength of 254 nano-
meters (nm); and longwave UV light, which
contains a strong component of light near
355 nm and is usually produced by a mercury
lamp coated with a phosphor. Both types
of lamp are used with filters that remove
the bulk of the visible light unavoidably
produced by the lamps. Shortwave UV is
more effective than Iongwave in producing
fluorescence in most minerals, although a
few (such as fluorite and sodalite) respond
best to longwave excitation. More energetic
means of excitation-such as cathodolumi-
nescence-produce luminescence in a greater
variety and proportion of minerals than does
UV irradiation (see Mclemore and Barker,
1987). However, the easy use of UV fluores-
cence-with simple and relativelv inexpen-
sive equipment, with hand specimen-s or
mineral samples requiring no advance prep-
aration, and its use in the field with a battery-
powered light-makes this an effective tech-
nique for observing features of rocks and
minerals that would otherwise not be de-
tected.

For minerals in which chemical bonding
has a high ionic character (minerals that are
electrical insulators) luminescence, includ-
ing fluorescence, is explainable in terms of
crlstal field theory. Most fluorescence in such

minerals (including most silicates, oxides,
carbonates, and halides) is due to transitions
between quantized electronic energy states
of the electrons in metal cations (such as Mn'* )
or in polyatomic molecular ions (such as
UOI-). In minerals that are semiconductors
(such as some sulfides, typified by sphaler-
ite), the electronic transitions are not local-
ized on particular atoms but are a function
of the total composition of the mineral and
are interpreted in terms of band theory; for
semiconductors, it is more difficult to attrib-
ute fluorescence to a specific metal impurity.

Fluorescence in minerals is not always as-
signable to a specific metal impurity; it may
be due to lattice defect centers such as those
involving trapped electrons and missing
electrons "holes," ion vacancies, and substi-
tution of ions of differing charge than that
of the ion normally occupying a given lattice
site. Most metallic or submetallic minerals
(including the metallic native elements and
most sufffdes and sulfosalts) do not exhibit
fluorescence. Identification of the activators
responsible for fluorescence is sometimes
simple, but it can also be a complicated pro-
cess that may require optical sPectroscoPy,
trace-element analysis, synthesis of pure and
doped minerals to verify the role of partic-
ular elements, and use of electron Paramag-
netic resonance (epr) techniques to verify the
presence of electron-hole centers and para-
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magnetic ions. For further information on
the luminescence of minerals, the reader is
referred to the following sources: Leverenz
(1968), Sommer (1972), White (1975), Mari-
ano (1978), Marfunin (1979), Newsome and
Modreski (1981), Tarashchan (1978), and
Walker (1985).

Fluorescence can be useful to the geologist
and mineralogist in many ways: as a way of
recognizing minerals (sometimes of eco-
nomic value), which would otherwise go un-
detected; providing an indication of zoning
or alteration in minerals; as a means of rec-
ognizing the presence of certain metals or
other elements; as evidence of variation in
metal content or conditions of deposition
throughout a body of rock; and as a sensitive
geochemical probe of the internal crystal
chemistry of a mineral. The minerals illus-
trated here include some of the brightest,
most common, and distinctive of the fluores-
cent minerals known to occur in New Mex-
ico. For additional information about the
occurrence and properties of f luorescent
minerals, the reader can refer to several books
(Gleason, 1972; Robbins, L983), reports
(Barnes, 1958; FrondeI, 1958; Stephenson,
1962\, and to the articles cited below.

The photographs reproduced here were
taken on 35 mm Ektachrome, daylight-type
slide films. Film speeds used ranged from 64
to 400 ASA; exposure times (at fl8 to flL6)
ranged from 5 to 120 seconds. Specimens to
be photographed were placed on a black cloth
background and illuminated with either of
two commonly used 110 V W lights, a LIVP,
Inc., UVG-54 shortwave UV light, or a UVL-
56 longwave UV light. A barrier filter (Wrat-
ten gelatin filter type 2E) was used over the
camera lens to block reflected UV from enter-
ing the lens and fogging the film, either di-
rectly or through fluorescence of the camera
lens elements. Intense fluorescence of vivid
spectral hues is easy to record accurately on
film, whereas dim fluorescence, especially of
unsaturated, pastel colors, may be difficult
to record accurately. There is, however, con-
siderable opportunity to vary photographic
conditions to obtain an optimum brightness
and color balance in a photograph of fluores-
cence; film speed, type of film (daylight or
tungsten), exposure time (which affects the
apparent color as well as the brightness of
the photographic image), type of barrier fil-
ter, and use of additional color filters can all
be adjusted to obtain more accurate photo-
graphs (see Eastman Kodak Company,7972,
1978). Aside from the problem of accurately
reproducing in a photograph the colors of
mineral fluorescence, it can even be difficult
to describe such colors in words. Newsome
and Modreski (1981) and Newsome (1982,
1985) have shown that the colors of fluores-
cent minerals can be quantitatively and ob-
jectively described by converting a measured
spectrum into standard chromaticity coor-
dinates.

Fluorite is possibly the classic example of
a fluorescent mineral; the term is derived from
the name of this mineral. Fluorite most com-
monly fluoresces blue-violet (Figs. 1, 2), more
strongly under longwave UV than short-

wave. The fluorescence is activated by rare-
earth-element (REE) impurities, of which Eu'?*
accounts for the typical blue-violet color
(Haberlandt and others, 7934; Przibram, 7935;
Marfunin, t979). High abundance of other
REE in fluorite can produce other colors of
fluorescence (Barabanov and Goncharov, 1967 ;
Marfunin, 1979) such as the greenish-white
fluorescence under shortwave lfV noted for
fluorite from the Globe pegmatite, RioArriba
County (Modreski, 1987).

Calcite is another mineral that commonly
fluoresces. Its typical fluorescence is red-
orange, generally much stronger under
shortwave UV than under longwave. This
red fluorescence is emitted by Mn'*,the acti-
vator, for which Pb'* commonly acts as a
coactivator (Murata and Smith, 1946; Schul-
man et al., 1947). Red-fluorescent man-
ganese-activated calcite is found in a wide
variety of occurrences, including metamor-
phic rocks, hydrothermal veins associated
with ore deposits, relatively low-tempera-
ture veins and nodules in sedimentary rocks.
A wide spectrum of other colors of fluores-
cence, including blue, pink, yellow, and white,
are, less frequently, encountered in calcite;
most of these calcites have not been studied
sufficiently to determine the nature of the
activators, although it is probable that defect
centers related to trapped electrons or elec-
tron holes account for many of the very broad-
band, whitish-colored rypes of fluorescence.
Calcite from the Waldo mine, shown in Figs.
3 and 4, illustrates both the typical red fluo-
rescence (SW) and a less common, bluish-
white fluorescence of unknown origin.

Gypsum, as illustrated in Fig. 5 under
longwave UV is another example of a min-
eral with fluorescence of undetermined cause;
the white fluorescence of this specimen from
the Stevenson-Bennett mine is probably due
to defect centers. Parts of this specimen also
exhibit a green fluorescence, brighter under
shortwave UV and attributable to hexava-
lent uranium in the form of the uranyl ion,
uOrt*.

Fluorescence has played an important role
in discovery and study of scheelite deposits.
Nearly all scheelite is fluorescent, due to in-
trinsic luminescence from the tungstate
(WOn'-) molecular ion. The color of the fluo-
rescence varies in a predictable way, from
blue for pure tungsten scheelite (CaWO")
through bluish-white, white, and yellowish-
white to yellow for scheelite with increasing
Mo content.

A fluorescence comparator card containing
12 calibrated samples of fluorescent powders
in the scheelite-powellite series was pro-
duced by Ultra-violet Products, Inc., for es-
timation of the molybdenum content of
scheelite ores. According to this comparator,
the scheelites illustrated here (Figs. 6-8) con-
tain (expressed in both weight percent Mo
and mole pe/cent powellite, CaMoO,): less
than 0.05 wt. ToMo (<0.15 mole % powellite)
in the Irish Rose mine; approximately 0.7 wt.
7o Mo. (2 mole % powellite) in the Ortiz mine;
and more than 5 wt. % Mo (>14 mole Vo
powellite) in the Iron Mountain No. 2 mine.
The fluorescence of all scheelite-powellite

containing rnore than this amount of molyb-
denum appears equally yellow, and cannot
be differentiated with the visual comparator.
Semiquantitative determination of the Mo
content using energy-dispersive, x-ray fluo-
rescence spectrometry (XRD-EDS) confirms
these compositions, showing approximately
1-2 mole percent powellite in the white-fluo-
rescent scheelite from the Ortiz mine (Fig.
7) and approximately equal amounts of Mo
and W in the yellow-fluorescent Iron Moun-
tain powellite-scheelite (Fig. 8). The scheelite
rimming wolframite shown in Fig. 6 is very
similar to that illustrated by Van Horn (1930)
from Cornwall, England.

A wide variety of other ore and gangue
minerals of hydrothermal ore deposits ex-
hibit fluorescence, particularly the second-
ary, oxidized minerals. Fig. 9 shows the
longwave fluorescence of fluorite (blue-vi-
olet) with associated cerussite (yellow) from
the Blanchard mine. Willemite and calcite,
from the tactite deposit at Iron Mountain,
fluoresce, respectively, green and red under
shortwave W (Fig. 10), duplicating the colors
of the famous wil lemite-in-calcite ore of
Franklin, New Jersey. The distinctive colors
of fluorescence in these two minerals are both
produced by the same activator, Mn'*, re-
flecting the different crystal field energy of
four coordinated Mn'* in willemite vs. six
coordinated Mn'* in calcite (White, 1975).
One readily observable characteristic that
helps to distinguish willemite from green-
fluorescent uraniferous opal, which is found
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FIGURE l-Fluorite; Blue Jacket mine, Caballo Mountains, Sierra
Co.;5.5 x 5 cm; banded green fluorite as open-space filling around
breccia fragments, overlain by slightly amethystine quartz; 3200 K
floodlamps, with blue filter. ASA 64, fll7, lla sec.

FIGURE 3-Calcite; Waldo mine, Magdalena district, Socorro Co.;
4.5 x 4 cm; typical orange-red fluorescence of calcite (shortwave
UV) from interior scalenohedral growth zones of slightly grayish
calcite, overgrown by colorless, steep rhombohedral terminations
with blue-white fluorescence. Activator of the red fluorescence is
Mnt*; cause of blue-white fluorescence is unknown, but probably
related to defect centers Blue-white areas also have strone blue-
white phosphorescence. ASA 64, f/8, 20 sec

FIGURE S-Gypsum; Stevenson-Bennett mine, Dona Ana Co.; 7
x 4 cm; crust of white, sugary gypsum; fluorescent blue-white to
greenish-white (longwave UV); shortwave fluorescence (not shown)
is bright green. Uranyl ion (UOl*) activator accounts for the areas
of brightest green fluorescence; the overall white fluorescence rs
probably due to defect centers. ASA 64, f/8, 45 sec

FIGURE 2-Same specimen as Fig. 1., showing blue-violet fluores-
cence of fluorite under longwave UV; predominate activator is
probablv Eu2*. ASA 64, fl8, L min.

FIGURE 4-Same specimen as Fig. 3, longwave UV tiPs of crystals
fluoresce white, and interior growth zones fluoresce weak red. ASA
64. f l8.2 mtn.

FIGURE 6-Scheelite; Irish Rose mine, Victorio district, Luna Co.;
4.5 x 3 cm; scheelite rimming wolframite; fluorescent blue (short-
wave UV); fluorescence of scheelite is intrinsic to the tungstate
(WO,'-) ion. ASA 100, f/11, 60 sec
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FIGURE 7-Scheelite; Ortiz gold mine, Santa Fe Co.; 1.2 x 0.9 cm;
bipyramidal crystal (orange in normal light); fluorescent white
(shortwave UV). ASA 400, f/16, 50 sec

FIGURE 9-Fluorite with cerussite; Blanchard mine, Hansonburg
district, Socorro Co.; 6 x 6 cm; fluorite cubes fluoresce blue-violet,
and a late coating of fine-grained, powdery, white cerussite fluo-
resces yellow (longwave UV). Activator in fluorite is Eu2*; in cer-
ussite, unknown. ASA 100, f/8, 45 sec

FIGURE 1l-Hydrozincite; Blanchard mine, Socorro Co.;4 x 3 cm;
late encrustation on gypsum; fluorescent blue (shortwave UV);
activator is unknown. ASA 100. f/8. 30 sec.

FIGURE 8-Powellite; Iron Mountain No. 2 mine, Sierra Co.; 6 x
4 cm; white crystals in garnet-magnetite tactite; fluorescent yellow
(shortwave UV); this specimen contains about 50 mole percent
CaMoOn. ASA 64, f18,20 sec.

FIGURE lO-Willemite with calcite; Iron Mountain, Sierra Co.; 8
x 4 cm; willemite fluoresces green, calcite fluoresces red (short-
wave UV); activator in both minerals is Mn'?*. ASA 100, f/8, 30 sec.

FIGURE 12-Smithsonite; Empire mine, Hanover district, Grant
Co.; 11 x 6.5 cm; yellow "turkey-fat" cadmium-bearing smithson-
ite; fluorescent deep red (shortwave UV); longwave fluorescence
(not shown) is dull orange ASA 100, f/8, 45 sec.
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FIGURE 13-Andersonite; Ambrosia Lake, McKinlev Co.; 5 x 4
cm; greenish-yellow crust on sandstone; fluorescenf bluish-green
(shortwave UV); intrinsic fluorescence due to UOI*. ASA 64, tll,
5 sec.

FIGURE 17-Eucryptite; Harding pegmatite, Taos Co.; 5 x 3 cm;
white, anhedrd eucryptite, intergrown with spodumene and quartz;
fluorescent red (shortwave UV); activator uncertain. ASA lOb, f/8,
30 sec.

FIGURE 16-Apatite; Harding pegmatite, Taos Co ; 5 5 x 4.5 cm;
portion of a blocky, gray-white to bluish-gray crystal; fluorescent
yellow (shortwave UV); predominant activator is Mn'z*. ASA 400,
f/8, 5 sec.

FIGURE l8-Alkali feldspar (orthoclase and/or sanidine) in phon-
olite around gas cavity; Point of Rocks Mesa, Colfax Co.; 4 x 2
cm. Pinkish-red fluorescence of the feldspar (shortwave UV) gives
way to bluish-white fluorescence immediately around the miarolitic
cavity, within which crystals are coated with a thin film of an
asphaltic or hydrocarbon material, which fluoresces orange. Prob-
able activator in the red-fluorescing feldspar is Fe3*; activator of
the blue-fluorescing feldspar may be Eu2*. ASA 400, f/8, I min.

FIGURE l4-Chalcedony; Apache Creek area, Catron Co.; 5 cm
diameter; pale pink "chalcedony rose" nodule; fluorescent green
(shortwave UV); activator is UO22'. ASA 64, f/8, 45 sec.
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on fracture surfaces in many rocks, is the
common phosphorescence of willemite; opal
is almost never phosphorescent.

Hydrozincite, Znr(CO.)r(OH)., commonly
found in small amounts in oddLed zinc ores,
often fluoresces bright blue under shortwave
W (Fig. 11); the cause of this fluorescence
appears never to have been studied. Smith-
sonite is not normally fluorescent, but yellow
"turkey-fat" smithsonite from the Empire mine
(Fig. 12) has a strong, deep red fluorescence
under shortwave UV (weaker orange long-
wave), as was first pointed out by Graeme
and Graeme (1985). The surface layer of the
red-fluorescent smithsonite shown in Fig. 12
contains approtmately 0.5 wt. % Cd (by Xru-
EDS); smithsonite of a similar yellow color
and red fluorescence occurs at Mapimi, Mex-
ico, and elsewhere.

Manv but not all, of the hexavalent ura-
nium minerals are fluorescent, due to the
uranyl (UOr'-) ion; color of the fluorescence
ranges from yellow-green to blue-green.
Gorobets et al. (1977) and deNeufuille et al.
(1981) pointed out that in uranium minerals
that fluoresce yellow-green (including au-
tunite, novacekite, uranospinite, and zip-
peite) the uranyl ion occupies a site with
tetragonal (point group Dnn) symmetry,
whereas in those that fluoresce bluish-green
(including andersonite (Fig. 13), liebigite,
bayleyite, and schroeckingerite) the uranyl
site has Drn or Drn symmetry. Some other
uranyl minerals (carnotite, uranophane, and
torbernite) and minerals containing unoxi-
dized tetravalent uranium do not fluoresce.
Uranium, in the form of the uranyl ion as-
sociated with 4-6 water molecules (Gorobets
et al., 1977), also occurs in other minerals,
particularly in the cryptocrystalline forms of
quattz and in opal; it accounts for the green
fluorescence often seen in agate, chalcedony
(Fig. 14), and opal. Calcite and aragonite have
often been described as exhibiting a green
fluorescence, but in all of the samples I have
examined (including calcite and aragonite
from New Mexico, Arizona, California, Colo-
rado, Washington, and Mexico), the fluores-
cence is localized in thin lavers of opal on
the surface of the carbonate or intergrown
with it.

This is the case with white, botryoidal,
green-fluorescent calcite from the Kelly mine
shown in Fig. 15. Green-fluorescing calcite
from the Tres Hermanas Mountains, Luna
County (not shown), similarly contains opal.
The carbonate mineral shown in Fig. 15 is
verified as calcite by x-ray diffraction, al-
though it is possible that it originally crys-
tallized as aragonite, which subsequently
inverted to the more stable calcite poly-
morph. Green-fluorescent uranyl ion in min-
era ls  can be recognized readi ly  by the
distinctive bands in its spectrum due to vi-
brational quantum levels in the uranyl mole-
cular ion (Gorobets et aI., 1977; Newsome
and Modreski,198t), as recorded by a spec-
trophotometer or seen with a hand spectro-
scope. Fifty to several hundred parts per
million (ppm) of uranium as lJOr2* is suffi-
cient to cause a bright fluorescence in agate
or opal (deNeufville et al., 1981; Zielinski,

1980), and as little as 2-6 ppm is reported to
produce fluorescence detectable in the lab-
oratory (Gorobets and Pormnov,  t973) .
Adamiie, ZnrAsOn(OH), from Mapimi, Mex-
ico, containing2T0 ppm U also has a bright
green fluorescence and shows the character-
istic spectrum of the uranyl ion (Newsome
and Modreski, 1981; Modreski and New-
some, 1984).

Apatite is a common fluorescent mineraf
the fluorescence can be due either to Mn'z*
(yellow fluorescence) or to various combi-
nations of REE, including Eut*, Ce'*, Sm'*,
and Dyt*, producing blue, white, or pink
fluorescence (Knutson et al., 1985; Lecke-
busch, 1979; Portnov and Gorobets, 7959;
Marfunin, 1979). Yellow-fluorescent apatite,
shown in Fig. 1.6 from the Harding pegma-
tite, is typical of many pegmatitic apatites.
Apatite from the Copper Flat porphyry cop-
per deposit, Sierra County, fluoresces pink-
ish-white under shortwave UV (Modreski,
1987).

Aside from the apatite mentioned above,
the Harding pegmalite is noted for red-fluo-
rescent eucryptite (Fig. 77). Some spodu-
mene from the Harding pegmatite fluoresces
white or blue-white; whether this is due to
the spodumene itself or to an alteration min-
eral G not clear. A newly recognized mineral
(London, 1.986) from the Harding pegmatite
is  the margar i te-group mica b i ty i te ,
(Ca,Na,K)LiAl,(AlBeSi,)O,o(OH),. Bityite oc-
curs as grayish-white platy crystals in the
hanging-wall-contact zone of the pegmatite
and may be recognized by its consistent weak,
grayish-white fluorescence under shortwave
UV (not shown).

Many of the light-colored silicate minerals
in low-iron igneous rocks (particularly gran-
ites, syenites, and granite pegmatites) can
fluoresce. Albite and the potassium feldspars
typically fluoresce in shades of red, which
may range from barely perceptible to mod-
erately bright. Red fluorescence in feldspar
has been ascribed predominantly to Fe'*
(Mariano, 1978;Marfunin, 1979; White et al.,
L986), although REE, Pb'*, and many other
metals may also play a role (Marfunin, 1979).
Yellow to orange to red fluorescence of so-
dalite and related feldspathoids is due to the
Sr- molecular ion (Marfunin, 1.979). Fig. 18
shows red-fluorescent alkali feldspar from the
phonolite sill at Point of Rocks Mesa grading
into blue-fluorescent (due to Eu'*?) feldspar
around a gas cavity that also contains an or-
ange-fluorescent hydrocarbon coating. Nu-
merous fluorescent minerals are Dresent in
the phonolite at Point of Rocks; some indi-
vidr.ial hand specimens show fluorescent
feldspar (violet-red), zircon (yellow), vil-
liaumite (yellow-orange) and opal (green) in
shortwave UV and sodalite (orange) and vil-
liaumite (orange-red) under longwave UV (not
shown); still other fluorescent minerals occur
at Point of Rocks (Modreski, 1987).

Much remains to be learned about the fluo-
rescence of minerals. Activators in many
minerals are still understood poorly or not
at all. The distribution of fluorescent min-
erals and variation of their fluorescence within
or around a given deposit has been system-

aticallv studied in only a very few cases. Rarely
has enough work been done to permit coi-
relations between fluorescence, mineral
chemistry, associated minerals, paragenetic
position, and the physical and chemical pa-
rameters of the crystallization environment.
The combination- of fluorescence observa-
tions with microprobe and trace-element
analyses, fluid inclusion and isotopic data,
and cathodoluminescence and other tech-
niques holds promise for much new insight
into the mechanisms and conditions of min-
eral deposition.
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zelenoi luminestsentsii v kremnyakh khaltsedonakh i
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dony, and allophane from Paleozoic deposits of the
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702, no.3, pp.357-360 (in Russian).
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ficial production of the blue fluorescence of fluorite:
Natur-e, v. 133, pp. 99-100.
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Luminescence, color and fission track zoning in apatite
aystals of the Panasqueira tin-tungsten dePosit, Beira-
Baixa, Portugal: American Mineralogist, v.70, pp.829-
837.

Leckebusch, Rudolf, 1979, Comments on the lumines-
cence of apatites from Panasqueira (Portugal): Neues
Jahrbuch fiir Mineralogie, Monatshefte, H. 1., pp. 77-

Leverenz, H. W., 1968, An introduction to luminescence
of solids: Dover Publications, New York (original copy-
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USGS
85-l25-Lithologic descriptions of selected Mid-

dle and Upper Jurassic rocks from Gallup to La-
guna in northwest New Mexico, by S. M.
Condon, 1985, 68 pp.

8G283-Analytical results for 38 hot spring sam-
ples collected in the western United States, by
W. H. Ficklin, C. L. Smith, and J. R. Motooka,
1986,3 pp.
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Bureau of Mine Inspection

MITIING REGISTRATIONS
(November 6, 1986, through February 17,7987)

Energy & Minerals Dept 2825-E Broadbent Pkwy. NE Albuquerque, NM 87107

Date and
operation Operators and owners Location

Special maps for sale
The New Mexico Bureau of Mines and

Mineral Resources now offers for sale maps
of mining districts and mineral depositsin
the western states. Separate maps, com-
piled and published by Charles A. Mardi-
rosian, consulting geologist, cover the states
of Alaska, Arizona, California, Colorado,
Idaho, Montana, Nevada, New Mexico, Or-
egon, Utah, Washington, and Wyoming.
They are printed in three colors at a scale
of 1:1,000,000 (Alaska, scale 1:2,500,000) and
show counties, major towns, topography,
coal fields, and rnining districts. The dis-
tricts and deposits are tabulated bv countv
along with the principal commodity and a
geologic description and/or reference num-
ber. Reference citations are grouped in a
separate table for easier use. In addition to
the state maps, a composite map of eleven
westem states (excluding Alaska) at a scale
of 1:2,000,000 is available.

Previously sold at $30.00 or more, these
maps are now being offered for 910.00 each.
They are an invaluable reference tool for
geologists, mining engineers, and mineral
collectors. An illustrated brochure is avail-
able free upon request. Orders can be ad-
dressed to NMBMMR, Publications Office,
Socorro, NM 87801. Telephone inquiries will
be answered at (505)835-54f0.

Grand Junction Geological
Society trip

The Grand Junction Geological Society, in co-
operation with the Museum of Western Colorado,
will sponsor a field trip to world-famous dinosaur
quarries and museums, September 18-20, 7987.
The trip will begin and end in Grand Junction,
Colorado, with overnight stops in Price and Ver-
nal, Utah For information and registration forms
contact Bill Chenoweth, 707 Brassie Drive, Grand
lunction. CO 81506.

11-6-86
gold,
silver,
silicon

Ll-6-86
metal

12J-86
silver

1.-22-87
silver and
gold

7-22-87
silver and
gold

t-27-87
Placer
mill

Continued from page 30

London, David, 1986, Holmquistite as a guide to peg-
matitic rare metal deposits: Economic Geology, v. 81,
pp 704-712.

Marfunin, A.5., 1979, Spechoscopy, lurninescence, and
radiation centers in minerals: Springer-Verlag, Berlin,
352 pp

Mariano, A N., 1978, The application of cathodolumi-
nescence for carbonatite exoloration and characteriza-
tion; in Proceedings of the first intemational slnnposium
on carbonatites: Pocos de Caldas, Minas Gerais, Brazil,
pp.39-57

Mclemore, V T , and Barker, J.M.,7987, Some geological
applications of cathodoluminescence-examples from
the Lemitar Mountains and Riley travertine, Socono
County, New Mexico: New Mexico Geology, v. 9, no
2, pp.37-40.

Modreski, P J., 1987, Fluorescent minerals of New Mexico
(abs.): New Mexico Geology, v.9, no 2, p 43

Modreski, P f., and Newsome, Don, 1984, Green ura-
nium-activated fluorescence ofadamite from the Ojuela
mine, Mapimi, Mexico (abs.): Minerals of Mexico,
FM-MSA-TGMS Joint Symposium, Tucson, Arizona (not
paginated).

Murata, K J., and Smith, R. L , 7946, Manganese and
lead as coactivators of red fluorescence in halite: Amer-
ican Mineralogist, v. 31, pp. 527-538.

Newsome, Don, 1982, Colors and spectral distributions
of fluorescent minerals, part II: Journal of the Fluores-
cent Mineral Society, v. 71,, pp.7-i2

Newsome, Don, 1985, Colors and spectral distributions
of fluorescent minerals, part III: Journal of the Fluores-
cent Mineral Society, v 13, pp.228.

Newsome, Don, and Modreski, P. J , 1981, The colors and
speckal distributions of fluorescent minerals: Journal
of the Fluorescent Mineral Society, v 70, pp.7-56.

Portnov, A M., and Gorobets, B. S , 1,969, Luminescence
of apatite from different rock types: Doklady, Earth Sci-
ence Sections, v 184, pp. 110-113 (translated from Dok-

Operator-Antelope, Picom Corp., PO. Box 120, Win-
ston, NM 87943; Gen Mgr -James Grainger, Chloride,
NM.
Property owner-St Cloud Mining Co, Winston, NM

Operator-Cat. Mountain, Falcon Mining Corp., (Greg
Richards), P.O. Box 5575, Hobbs, NM 88241; Gen. Mgr.-
Greg Richards, same address, phone: 392-1515; Gen.
Supt.-Ron Richards, P.O Box 80251, Midland,TX79709,
phone: (915) 697-5255; Official-Russell Richards, same
address as Gen Supt
Property owner-Mozelle fohnston, P.O. Box 362, So-
cono, NM 87801, phone: 835-1365.

Operator-Hopeful Claims, james L. Reed, owner, P.O
Box 835, Bayard, NM 88023-0836; Gen Mgr.-James L.
Reed.
Property owner-James L Reed, same address as above.

Operator-Carlisle Mine, Royal Minerals, Inc., P.O. Box
W, Duncan, AZ 85534; Person in charge-Douglas Han-
son, Mesquite Ave., Duncan, AZ 85534, phone: (602) 359-
2835; Other official-Michael Best.
Property owner-Douglas Hanson, President

Operator-East Camp, Royal Minerals, Inc., P.O. Box W,
Duncan, AZ 85534; Person in charge-Douglas Hanson,
MesquiteAve., Duncan, AZ 85534, phone: (602)359-2835;
Other official-Michael Best.
Property owner-Douglas Hanson, President

Operator-Rattlesnake Mll Site, Black Range Explora-
tion, Inc., PO Box 183, Hillsboro, NM 88M2; Gen. Mgr.-
Sonny Hale, same address; Supt -Rex L. Evatt, III, same
address.
Property owner-Black Range Exploration, same ad-
oress.

Siena County; sec. 25, T9S, R9W; private
land; directions to mine: 0 5 mi north of
the Great Republic mine.

Sierra County; sec. 10, T165, R7W; federal
land; directions to mine: 2 ni east of Hills-
boro inside sharp bend in NM-90 at mile-
post  101.

Grant County, sec. 18, T18S, R16W; fed-
eral land; directions to mine: west of Ty-
rone (PD.) 5 mi on NM-180 West-Goat
Canyon.

Grant County, sec. 1, T17S, R21W; private
land; dhections to mine: 15 mi from Dun-
can. AZ, on Carlisle Rd

Grant County; secs 5-9, Tl5, 17S,Il21W;
private land; directions to mine: 20 mi from
Duncan, AZ, on Carlisle Rd.

Sierra County; sec. 10, T165, RTW; private
land; directions to mill: Wam Springs
Road
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ladyAkademiiNaukSSSR, 1969,v.IM, no 1, pp 199-
202).

Przibram, K-, 7935, Fluorescence of fluorite and the biva-
lent europium ion: Nature, v. 135, p. 100.

Robbins, Manuel, 1983, The collector's book of fluores-
cent minerals: Van Nostrand Reinhold, New York, 289

PP.
Schulman, J H., Evans, L. W., Ginther, R. J., and Murata,

K.J., 7947,The sensitized luminescence of manganese-
activated calcite: Journal ofApplied Physics, v. 18, pp
732-739.

Sommer, S- E., 1972, Cathodoluminescence of carbon-
ates, 1. Characterization of cathodoluminescence from
carbonate solid solutions: Chemical Geology, v.9, pp.
257-273

Stephenson, D A.,1952, Tables of fluorescent and radio-
aitive rninerals, 3rd ed.: New Mexico Bureau of Mines
and Mineral Resources, Circular 15, 44 pp.

Tarashchan, A. N., 1978, Luminestsentsia mineralov
[Luminescence of minerals]: Naukova Dumka, Kiev,
296 pp. (in Russian)

Van Horn, F. R., 1930, Replacement of wolframite by
scheelite with obseruations on the fluorescence of cer-
tain tungsten minerals: American Mineralogist, v 15,
pp.451-459.

Walker, Qrahame, 1985, Mineralogical applications of lu-
minescence techniques; in Beny, F. J., and Vaughan,
D. J. (eds.), Chenical bonding and spectroscopy in
mineral chemistry: Chapman and Hall, New York, pp
103-140.

White, W. B ,1975, Luminescent materials: Transactions
of the American Crystallographic Association, v. 11,
pp.37-49.

White, W. B., Matsumura, M., Linnehan, D. G., Furu-
kawa, T., and Chandrasekhar, B. K., 1986, Absorption
and luminescence of Fe3' in single-crystal orthoilase:
American Mineralogist, v. 71, pp. 1415-7479

Zie[nski, R. A., 1980, Uranium in secondary silica: a pos-
sible exploration guide: Economic Geology, v 75, pp.
592-602 r-l
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