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METRIC-ENGLISH EQUIVALENTS

Metrie unit English equivalent Metric unit English equivalent
Length Specific combinations—Continued
millimetre (mm) = 0.03937 inch (in) litre per second (1/s) = .0853 cubic foot per second
metre (m) = 3.28 feet (ft) cubic metre per second
kilometre (km) = .62 mile (mi) per square kilometre
[ (m3/s) /km?] = 91.47 cubic feet per second per
Area square mile [(ft3/s)/mi?]
metre per day (m/d) 3.28 feet per day (hydraulic
square metre (m?) = 10.76 square feet (ft2) conductivity) (ft/d)
square kilometre (km?2) = .386 square mile (mi2) metre per kilometre .
hectare (ha) = 247 acres (m/km = 5.28 feet per mile (ft/mi)
kll&t{ne}ﬁ per hour 9113 foot d (ft/s)
m = : 0ot per secon s
Volume mezre per sec&)nd ((lin/s) = 3.28 feet per second
s — 3 metre squared per day
fublc centimetre (em?) = 0061  cuble Inchosln) (m?/d) = 10.764 feet squared per day (Et¥/d)
cubic metre (mo) = 35.31  cubic feet (ft3) (transmissivity)
cubic metre = .00081 acre-foot (acre-ft) cubicsmetre per second
cubic hectometre (hm3) =810.7 acre-feet (ms/s) = 22.826 million %allons per day
litre = 2.113 pints (pt) (Mgal/d)
litre = 1.06 quarts (qt) cubic metre per minute o
litre — 28 gallon (gal) (m3/min) :-64.2' gallons per minute (gal/min)
cubic metre =  .00026 million gallons (Mgal or litre per second (1/s) = 15.85 gallons per minute
10¢ gal) litre per second per .
cubic metre = 6.290 barrels (bbl) (1 bbl=42 gal) metre [(1/s)/m} = 4.83 galﬁnslx;er hl:n)l%ﬁe per foot
gal/m
Weight kilometre per hour
(km/h) = .62 mile per hour (mi/h)
gram (g) = 0035 ounce avoirdupois (oz avdp) ;‘;t;fp%? csl‘fgfc“d (m/s) = 2237 miles per hour
tgggnn]e (t) = 1:(1)0-- ‘t’&‘l’;‘, dgh’f,vr‘ii‘}%“é’é’éslﬁ}b avdp centimetre (g/cm?) = 6243 pounds per cubic foot (1b/ft?)
t = . 294 gram per square
onne 98 ton, long (2,240 1b) centimetre (g/cm?) = 2.048 pounds per square foot (1b/ft?)
3 B i gram per square
Speclﬁc combinations centimetre = .0142 pound per square inch (lb/in?)
kilogram per square
centimetre (kg/cm?) = 096 atmosphere (atm) Temperature
kilogram per square -
centimetre = .98 bar (0.9869 atm) degree Celsius (°C) = 18 degrees Fahrenheit (°F)
cubic metre per second degrees Celsius
(m3/s) = 33.3 cubic feet per second (ft3/s) {temperature) =[€1.8X°C) +32] degrees Fahrenheit














































X-RAY CRYSTALLOGRAPHY 15

1. PyOs. A portion of the sample was dissolved with
nitric acid, and after a preliminary separation as am-
monium phosphomolybdate, weighed as Mg,P,0,.

2. F,Cl Both fluorine and chlorine were determined on
the combined filtrates from two spccessive sodium-
carbonate fusions and water leaches of another frac-
tion of the sample. Fluorine was weighed as CaF,
(Groves, 1951) and chlorine as AgCl. Because of the
apparent low fluorine value (9.03 percent) obtained
by this method, another fluorine determination by
the specific-ion-electrode method was made; this
value (10.3 percent) is the one reported in table 5.

3. FeO. The wagnerite sample was not noticeably affect-
ed by boiling for 15 minutes with 1:8 sulfuric acid,
the usual method of attack for the determination
of FeO. However, the mineral was completely dis-
solved by heating for 24 hours at 65°C in 1:15 hydro-
chloric acid, to which a measured excess of standard
potassium dichromate had been added to react with
released ferrous iron.

4. H,O. Total water was determined by the Penfield
method.

5. MgO, Ca0O, ALO,, Fe,0,, TiO,, MnO, and insoluble.
Nitric acid was used to dissolve the sample for these
determinations. Repeated evaporations to dryness
with the acid were necessary to completely dissolve
the wagnerite. After a small insoluble fraction had
been removed, the filtrate was evaporated to dryness
so that the interfering phosphorus could be sep-
arated by a double extraction with sodium-carbonate
fusion and water leach. Conventional methods then
were used for the determination of the cations
(Peck, 1964).

Chemical analysis and formula.—The analysis, after
correction for impurities (fluorapatite, sillimanite, rutile,
and quartz), led to the formula (Mg,Fe, Mn), PO,
(F,Cl)o9s, with Mg:Fe:Mn=0.97:0.02:0.01, close to the
empirical formula Mg,(PO,)F. The presence of silli-
manite, rutile, and quartz as impurities in the analyzed
sample was confirmed by X-ray powder patterns taken of
the insoluble residue obtained from digestion of part of the
sample in nitric acid. Fluorapatite as a contaminant in the
analyzed sample was suspected, but its presence could not
readily be verified inasmuch as it probably was dissolved
during analytical procedures. However, energy-dispersive
microprobe analyses of five polished grains of carefully
selected, pale-yellow, transparent fragments of wagnerite
were made by Robert B. Finkelman of the U.S. Geological
Survey. The results given in table 6, showing an absence of
Ca in the pure mineral, provide semiquantitative data that
support the corrections made for impurities—including
the subtraction of a fluorapatite phase—in recalculating
the chemical analysis. (See table 5.)

TABLE 6.—Microprobe analysis of wagnerite
from Santa Fe Mountain, Colorado

(semiquantitative data)
[Analyst, Robert B. Finkelman]

Constituents!

Weight percent
(average of 5 grains)

18i, Al, Ca, and Ti were below the limits of detection
(0.5 percent). Fluorine could not be observed in this
system.

The analysis of the Santa Fe Mountain wagnerite is
compared in table 5 with other wagnerite analyses
reported in the literature.

X-RAY CRYSTALLOGRAPHY

Single-crystal X-ray data.—Single-crystal X-ray study,
made by the precession method, was carried out on a
transparent, equant, pale-yellow fragment of wagnerite
from Santa Fe Mountain, Colo. The precession photo-
graphs confirmed the monoclinic symmetry and space
group P2,/a (for ¢ <a) and yielded the following pre-
liminary crystallographic data: a = 11.94:0.01 A,
b=12.68£0.01 A, ¢=9.65¢0.01 A, B=108°10'+20’. The
refined cell values, obtained by a least-squares refinement
of the powder data (Appleman and Evans, 1973), are in
excellent agreement with those reported by Coda,
Guiseppetti, and Tadini (1967) for wagnerite from
Werfen, Austria (table 7). The specific gravity calculated
for wagnerite from the refined cell data is 3.16, in good
agreement with the measured value (3.13) obtained on a
500-mg sample by the pycnometer method.

Precession photographs of the Colorado wagnerite
showed the presence of a strong monoclinic subcell with
the b-axis halved (6.335 A); this subcell is in space group
I2/a, with Z=8, which data confirm the observations of
Coda, Guiseppetti, and Tadini (1967). The cell para-
meters of the subcell of the Colorado wagnerite are
comparable with those reported in the literature for the
triplite-group minerals—triplite, (Mn, Fe, Mg, Ca), (PO,)
(F,OH) (Waldrop, 1969), and zwieselite, (Fe, Mn, Mg, Ca),
(PO,) (F, OH) (C. T. Tennyson, in Strunz, 1970, p. 316).

X-ray powder data.—An X-ray powder diffraction
pattern of the wagnerite from Santa Fe Mountain, Colo.,
was taken in a Debye-Scherrer powder camera fitted with a
Wilson adapter (114.59 mm dia.) in Fe/Mn radiation
(AFeKa =1.9373 A). Film measurements were corrected
for expansion; the intensities of the observed lines were
estimated visually by comparison with a calibrated
intensity strip. Indexed X-ray powder-diffraction data for
the Colorado wagnerite are cited in table 8 where they are
compared with data for the calculated powder pattern of
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wagnerite from Werfen, Austria (based on the structural
data of Coda and others, 1967); also, with data for
wagnerite from Bamle, Norway (Henriques, 1957); from
Kyakhta, U.S.S.R. (Finko, 1962); and from Dolni Bory,
western Moravia, Czechoslovakia (Stan&k, 1965).

Identity of ferroan wagnerite with magnio-
triplite.—Wagnerite, ferroan wagnerite, magniotriplite,
triplite, and zwieselite are fluophosphates with the
chemical formula Xy(PO4)F, where X=Mg, Fe*2, Mn*2,
and (or) Ca. In wagnerite, ferroan wagnerite, and magnio-
triplite, Mg is the dominant cation, generally with lesser
amounts of Fe+2, Mn+2, and Ca substituting in part for
Mg; the dominant cation in triplite is Mn*?; in zwieselite
the dominant cation is Fe*2, In these minerals, (OH)"!
may substitute in part for F-1. Strunz (1970) includes
triplite, zwieselite, and wagnerite in the triplite series, a
subgroup of the triplite-triploidite group. On the basis of
recent crystallographic data (table 7), the minerals in the
triplite series can be divided into two subgroups: (1), one
containing magniotriplite, triplite, and zwieselite, with
the b axis = 6.5 A and symmetry I2/a; (2), the other
containing wagnerite, with the b axis =125 A and
symmetry P2;/a. Comparison of the structures of
wagnerite (Coda and others, 1967) and triplite (Waldrop,
1969) indicates that the minerals are not isotypic; Waldrop
(1969) noted that triplite and zwieselite show identical
reflection intensities and, on this basis, suggested that they
are isotypic.

Ferroan wagnerite from H?lllsjt')berget (Horrsjoberget),
Sweden (Henriques, 1957)—formerly talktriplite of
Igelstrom (1882)—and from pegmatites of the Albéres
massif, eastern Pyrenees, France (Fontan and others, 1970),
and magniotriplite from Turkestan ridge, U.S.S.R.
(Ginzburg and others, 1951), were identified as such solely
on the basis of X-ray powder photography and chemical
analysis. As far as is known, magniotriplite and so-called
““ferroan wagnerite” have never been characterized crystal-
lographically. Because of their high magnesium content,
ferroan wagnerite from both of the localities and magnio-
triplite (type material) were examined by X-ray powder
diffraction and single-crystal techniques in order to
establish their structural relation to wagnerite and (or)
triplite.

X-ray powder diffraction patterns of wagnerite, ferroan
wagnerite, magniotriplite, and triplite are compared in
figure 17. It is interesting to note that the patterns of the
two ferroan wagnerites and the magniotriplite are
identical and show a closer resemblance in spacings to the
pattern of wagnerite than to that of triplite. The powder
pattern of wagnerite, however, is visually distinguishable
from the powder patterns of ferroan wagnerite and
magniotriplite by the presence of a line at 5.66 A (table 8).
This line also clearly showed up on films taken of
wagnerite from Bamle,Norway (USNM C4151), Salzburg,
Austria (USNM C4150), and Werfen, Austria (USNM

magniotriplite), magniotriplite, and triplite

TasLE 7.—Crystallographic!, compositional, and density data compared for wagnerite, ferroan wagnerite (

Triplite

Magniotriplite

magniotriplite)

Ferroan wagnerite (

Wagnerite

Waldrop (1969)

This report? This report? This report?

Coda and others (1967)

Present study?
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WAGNERITE OCCURRENCE, SANTA FE MOUNTAIN, COLORADO

read

thus, for 11.9263 (7),

Walues in parentheses are one standard deviation;
11.9263+£0.0007 A. Axial ratios and cell volumes calculated by authors of this report.

2Cell parameters obtained by refinement of powder data (table 8).

3Cell parameters obtained by measurement of precession films.

4Calculated by authors of this report.



X-RAY CRYSTALLOGRAPHY

TABLE 8.—X-ray powder diffraction data for wagnerite, Mgy(POYF

This report Henriques (1957) Finko (1962) Stanék (1965)-
Dolni Bory,
Hb¥ligraben, near Santa Fe Mountain, Bamle, Norway Kyakhta, western Moravia,
Werden, Austria Colorado USSR. Czechoslovakia
Calculated Pattern! Calculated? Observed® Observed* Observed® Observed®
hkl d 1 d dy, 1 dnki 1 dpkl 1 dhki I
(’X‘)l (IX‘)‘ (A‘)J (A) (A) (A)
200 5.676 6 5.662 5.662 7 5.635 200 . 5.64 10
120 5.535 2 5,529 ... B veee aeeaes
021 5.212 5 5.209 5.211 7 5.170 10 5.18 30 5.23 10
002 4.578 2 4577 ... - e . e - e
202 4.280 | 4275 ... - e - e e e
221 4.235 7 4.228 4.226 11 4.208 10 4.20 40 4.25 20
122 3.827 3 3.825 3.827 5 4.015 10 3.81 20 3.87 10
310 3.626 ] 3618 ... - e e e . e
221 3.537 5 3.532 3.533 5 3.527 10 3.53 40 ...
230 3.390 1 338 ... - e - e - e
122 3.289 54 3.287 3.287 60 3.279 80 3.33 90 3.29 70
320 3.249 9 3.243 3.244 5 3.236 20 ... e e
202 3.117 67 3.114 3.114 60 3.107 90 3.15 90 3.12 80
032 3.105 ] 3104 ... — e ve e e e
213 3.308 1 3.0%6 ... - e e e e e
41 2.973 100 2.970 2.970 100 2.968 100 2.99 100 2.97 100
132 2.845 1 2843 ... - e v e e
402 4.845 80 2.839 2.839 85 2.836 100 2.85 100 2.84 90
400 2.838 4 281 ... — e e e e e
141 2.825 4 2.823 - e e e e e
330 2.819 1 2815 ... - e - e - e
223 2.806 18 2.804 2.804 11 2.799 40 2.78 60 2.80 50
410 2.770 1 2763 ... - e e e
240 2.767 3 2.765 2.766 3 2.762 30 2.72 30 2.76 30
023 2.750 21 2.749 2.748 30 2.744 50 ... ce
321 2.704 17 2.698 2.697 21 2.695 60 ... ggg ’ég
ESS 2.557 2 2.556 2.555 5 2544 20 2.57 10 2.55 20
242 2.547 1 2545 ... - e e e e e
233 2.515 2 2513 .. e e e e e
232 2.509 2 2506 0 ... - e e e e
341 2.476 3 2.472 2.468 15 2.472 50 2.49 30 2.47 30
033 2474 1 2473 ... e e e e e
051 2.444 1 242 L e e e e e e
204 2.400 1 2399 ... - e e e e
322 2.366 5 2.363 2.363 7 2.378 10 2.42 10 2.38 10
333 2.365 2 2363 . o e e e e
214 2.359 3 2.857 e e e e e e e
430 2.356 1 2.852 e e e e
114 2.353 1 2852 ... — v e — e
423 2.332 3 2328 ... — e e e - e
421 2.324 9 2320 ... - e e e e e
251 2.316 1 2314 ... — e e e e e
512 2.309 1 2304 ... - e [ e e
004 2.289 17 2.289 2.289 5 L. e e e e
314 2.268 4 29266 ... . e oo e e e
T43 2.256 19 2.255 2.251 6 e e - e
014 2.253 2 2252 ... v eree e e e
153 2.242 ] 2241 ... — e e e e e
12 2.240 8 2.239
341 2.939 5 2.236} 2.239 6 2.238 20 2.25 20 2.24 40
223 2.239 3 2237 ... - e . e e
510 2.235 1 2230 ... - e e e e e
242 2,223 2] 2.221] 2.220 6 .. e e e e
052 2218 1 2217 ... - e e e
522 2.202 44 2.198 2.197 11 2.197 50 2.21 40 2.19 30
332 2.183 ] 2181 ... v e e e
252 2.182 2 2180 ... - e v e e,
431 2.151 1 2147 -
518 2.147 1 2148 ... e e e e
404 2.140 13 2.138 2.137 4

See footnotes at end of table, p. 19.
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TABLE 8.— X-ray powder diffraction data for wagnerite, Mg,(PO,) F—Continued

This report Henriques (1957) Finko (1962) Stanek (1965)
Doin: Bory,
H#lligraben, near Santa Fe Mountain, Bamle, Norway Kyakhta, western Moravia,
Werfen, Austria Colorado ’ US.SR. Czechoslovakia
Calculated pattern! Calculated? Observed?® Observed* Observed® Observed®
hkl dhri 1 dhhi dhki 1 dprt 1 dhhi ! dppi !
(A) (A) (A) (A) (A) (A)

520 2.187 1 2.13% ... e e J

343 2.121 6 2119 .. e e e e
142 2.117 15 2.114 2.114 7 2.111 20 2.13 30 2.12 20
114 2.090 2 2089 .. e
134 2.083 1 208 ... e e, e e

%23 2.03!2) 1 2009 ... e e s e s

0 1.9820 11 1.9771 .

361 1.9810 15 1.9793} 1.9782 15 1.979 30 ... 1.977 50
T62 1.9341 4 L - e e s e e

160 2.077 14 2.076 071 2.09 0 2.08 40
143 2.073 11 2.076 } 2.076 13 207 30 7

061 2.059 26 2.058 2.058 7 2.057 30 1.995 70 2.06 40
352 2.055 1 2.053 ... e e e e JO
334 2.024 1 2022 ... e e e e e

204 1.9237 24 1.9226 1.9229 11 1.922 10 ... 60
944 1.9136 9 .. L 1.915 10 1.905 60
214 1.9020 4 L e e e e

261 1.8932 5 ceee e 1.894 10 ...
621 1.8902 20 1.8856 1.8856 18 1.887 30 1.859 30 1.888 80
044 1.8558 6 1.8551 1.8552 4 s r e e e
360 1.8450 6 1.8430 1.8428 3 e e 1.834 10
523 1.8172 7 1.8134 1.8128 B e e e e,
362 1.8100 4 e e v e e e
543 1.7954 11 1.7925 1.7918 11 1.794 20 1.805 20 1.793 30
744 1.7787 5 1.7719 1.7720 4 e e 1.771 10
025 1.7593 9 1.7589 1.7585 1 e - e e
263 1.7512 4 e
125 1.7504 B e e e e e e,

522 1.7488 O e e e e e

630 1.7374 19 1.7365 1.7368 5 1.739 10 1.757 40 1.747 20
541 1.7261 B e, e e e e
961 1.7255 21 L 1.7233 11 1.725 30 1.733 50 1.724 30
324 1.6712 25 1.6698 1.6701 11 1.670 30 1.684 50 1.670 50
244 1.6446 4 1.6436 1.6440 5 L e e e s
345 1.6288 7 1.6278 1.6275 ) 3 (N e e 1.632 20
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plagioclase in a local variant of the rutile-bearing gneiss.
Foliation and lineation were formed in all the meta-
morphosed rocks during this early stage of crystallization.
Somewhat later, this same long period of regional meta-
morphism culminated in conditions that promoted the
growth of coarse crystals of some of the minerals. A certain
amount of redistribution of fluorine, a type of fluorine
metasomatism, occurred within the rutile-bearing layers.
Coarse crystallization was enhanced by these volatiles. In
some areas, such as the area described initially by
Sheridan, Taylor, and Marsh (1968), topaz crystallized
during concurrent growth of prismatic sillimanite. At the
Santa Fe Mountain locality, large crystals of corundum,
aggregates of prismatic sillimanite, and the larger grains
of wagnerite were formed. During this same stage of
crystallization, rims of apatite developed on wagnerite.
Sericite and chlorite formed in a lower grade meta-
morphic environment, either during a retrograde stage of
waning metamorphic intensity or perhaps during an even
later event.

The origin of the principal types of Precambrian meta-
morphic rock in the east-central Front Range is, of course,
fundamental to the genetic history of the wagnerite
locality. Biotite gneiss, commonly sillimanitic, is one of
the principal rocks in this region and was considered by
Ball (in Spurr and Garrey, 1908, p. 44) to represent meta-
morphosed shaly sediments. Subsequent investigators
have agreed with this conclusion and have considered the
sillimanitic varieties as representing alumina-rich shales
and the nonsillimanitic varieties as representing sandy
shales or graywackes. The origin of feldspar-rich gneiss,
the other principal metamorphic rock in this region, has
been more problematical. Given various names, such as
quartz monzonite gneiss and microcline gneiss, the
feldspar-rich gneiss has been considered as an old intrusive
igneous rock (Lovering and Goddard, 1950, p. 23)and as a
metasedimentary rock (Moench and others, 1962, p. 38;
Sheridan and others, 1967, p. 23). Hedge (1969, p. 12,
120-123) considered the feldspar-rich gneiss to be meta-
morphosed felsic volcanic rock because the gneiss is
similar in chemical composition to acid volcanic rocks
found in island arc association with basalts. Hornblende
gneiss and amphibolite, also abundant in parts of this
region, very likely were originally intermediate to basic
tuffs and flows, and calc-silicate gneiss and impure marble
were sedimentary rocks ranging in character from
calcareous shale to argillaceous limestone. The early Pre-
cambrian history in this region, therefore, probably
involved an accumulation of a thick, layered succession
composed predominantly of volcanic and sedimentary
rocks.

Thin layers and lenses of light-colored rutile-bearing
gneiss occur at several stratigraphic levels in the Pre-
cambrian terrane of the east-central Front Range. The

distribution, characteristics, and probable origin of these
rutile-bearing gneisses have been discussed by Marsh and
Sheridan (1976). Sillimanite-quartz gneiss, one of the
principal varieties of rutile-bearing rock, has a simple but
unusual mineral and chemical composition, containing
very little else except quartz, sillimanite, and accessory
rutile; it is chemically similar to many bentonitic clays.
Rankama and Sahama (1950, p. 209, 563) have noted that
clays produced by weathering are commonly low in
calcium and high in aluminum and titanium.
Serdyuchenko (1968) believed that metamorphic rocks
containing kyanite, sillimanite, or corundum in many
places in the world are metamorphosed kaolinite-bauxite-
weathering crusts. Kyanite-quartz rock in India was con-
sidered by Dunn (1929, p. 248) to have been originally a
surface decomposition of basalt to bauxitic clay.
Espenshade and Potter (1960, p. 24-25) concluded that
sediments containing clay or bauxite were the precursors
of kyanite quartzite and sillimanite quartzite in some dis-
tricts of the southeastern United States. Topax is present
in notable amounts in some of the rutile-bearing rocks in
the east-central Front Range, emphasizing the local
importance of fluorine. It is likely that volcanic emana-
tions provided this fluorine to the original weathered
materials. In support of this hypothesis is the observation
of Rankama and Sahama (1950, p. 764) that fluorine is
added to the “exogenic cycle by volcanic processes’” and
that fluorine is strongly adsorbed in soils, bentonite, and
bottom muds.

Although the details of the very early history of the
rutile-bearing gneisses in the Front Range are matters
involving considerable speculation, the present character-
istics of these gneisses are the result of high-grade regional
metamorphism. The rutile-bearing gneisses occur as per-
sistent stratum-like layers and lenses in a thick succession
of gneisses whose mineralogy, textures, and structural fea-
tures all give evidence of folding and metamorphic
recrystallization under high temperature and pressure.
The regional character of the metamorphism, rather than
a “contact” phenomena, is indicated by the absence of
adjacent bodies of igneous rock. The high grade of meta-
morphism is indicated by the abundance of sillimanite in
the light-colored gneisses and by the common presence of
the pair sillimanite-microcline in pelitic gneiss layers of
this region.

The texture and mineralogy of the wagnerite-bearing
sillimanite-plagioclase gneiss indicate that all the
minerals, except sericite and chlorite, are products of the
regional high-grade metamorphism. The appearance of
the rock, with its coarse prismatic sillimanite and the large
grains of corundum diversely oriented in a foliated matrix
of finer minerals, is similar in many respects to the
porphyroblastic textures observed in other gneisses of this
region. For example, calc-silicate gneiss and impure
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marble locally contain large porphyroblasts of garnet,
epidote, and other minerals. Similarly, large randomly
oriented porphyroblasts of andalusite occur in the mica
schist unit of the nearby Ralston Buttes district (Sheridan
and others, 1967, p. 8) 17 km northeast of the Santa Fe
Mountain locality. We believe that such porphyroblasts
developed in local sites where local pressure-temperature
conditions and volatile concentrations favored the growth
of coarse crystals late in the regional metamorphism.

Although bodies of pegmatite are present at the Santa Fe
Mountain locality, they are not genetically related to the
wagnerite. The pegmatites are of simple quartz-feldspar
composition and contain no wagnerite.

The occurrence of wagnerite as a regional meta-
morphic mineral at Santa Fe Mountain is believed to be
the direct result of the rather abnormal composition of the
light-colored gneiss in which it is found. Apatite, not
wagnerite, is the ubiquitous phosphate-bearing mineral
in all the other gneisses. A calcium deficiency in the
wagnerite-bearing gneiss is inferred from the high Na:Ca
ratio of the plagioclase and the paucity of other calcium-
bearing minerals. Although some apatite is present in the
gneiss, calcium in the rock was apparently insufficient to
accommodate all the available phosphate. The wagnerite
further reflects the high Mg:Fe ratio, consistent with the
pale biotite that is rich in Mg and deficient in Fe as
compared with the biotite in most other gneisses of this
region.
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