
MINERALOGY OF TRIPLITE
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AssrRAcr

Triplite, previously treated as a divariant series between Fe" and Mn", may also
contain relatively large amounts of Mg and lesser amounts of Ca. Variation in Fe and Mg
is the primary factor influencing the optical properties, but Mn variation has little effect.
Three new analyses of Colorado triplites are presented; two are high in Mg. Apparently the
only valid species formed through weathering of triplite are dufrenite, vivianite, and
phosphosiderite. Alluaudite and apatite form by reaction with solutions. Nearly 80 triplite
localities have been recorded. Triplite occurs in four types of granitic pegmatites and three
types of hydrothermal, high temperature veins.

INtnopucrroN

Previous to the work of Hurlbut (1936) triplite generally was regarded
as consisting of an isomorphous series of two elements, ferrous iron and
manganese. Analyses of triplite containing important amounts of mag-
nesium were rare, and usually no consideration was given to the element
in attempting to relate physical properties to composition (Henderson,
1928, Otto, 1936, and Richmond, 1940). As a result of a study of the
pegmatites of Eight Mile Park, Fremont County, Colorado, the writer
described several new triplite discoveries (Heinrich, 1948). Rough crys-
tals of triplite from one of these occurrences were measured by Wolfe and
Heinrich (1947). Qualitative tests indicated that the magnesium con-
tents of these triplites might be abnormally large and that complete
chemical analyses would be desirable. The writer is indebted to the
Faculty Research Fund of the Rackham Graduate School, University
of Michigan, for a generous grant defraying the cost of the analyses and
other expenses. Thanks are due to Professor Clifford Frondel of the De-
partment of Mineralogy and Petrography, Harvard University, and to
Professor Brian Mason of the Department of Geology, Indiana Uni-
versity, for critical examinations of the manuscript and for suggestions
toward its improvement. All conclusions are the responsibility of the
writer. Dr. George Switzer of the U. S. National Museum kindly fur-
nished several specimens for examination, and Mr. W. G. Griffitts of the
U. S. Geological Survey furnished a description of and a specimen from
a previously unrecorded occurrence in northern Colorado.

NBw AxervsBs

In Table 1 are listed the results of three new analyses of triplite. All
samples were taken from unaltered central parts of triplite masses that
did not contain any other intergrown minerals. Selected pieces were
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broken to minus 1/8th-inch particles and handpicked under a binocular
microscope. Pieces showing alteration or coatings were rejected, and the
remainder was ground in an agate mortar. The powdered sample was

Tesln 1. Nnw Awelysns ol Tmplrru
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1. Triplite, Mica Lodge pegmatite, Eight Mile Park, Fremont County, Colorado.
1a. Molecular ratios.
16. Molecular proportions.
2. Triplite, School Section pegmatite, Eight Mile Park, Fremont County, Colorado.
2o. Molecular ratios.
2b. Molecular proportions.
3. Triplite, Turkey Creek, Deadmans Canyon, El paso County, Colorado.
3o. Molecular ratios.
3b. Molecular proportions.
Analyst, Lee C. Peck.

* With Fe2Oa recalculated to equivalent FeO.
The formulae are:

1. Mns e5Fe6 25Mgo zCao rPOrF
2. Mnr.rFeo rMgo.osCao rsPOrF
3. Mno esFeo rMgo aCao.rPOrF

examined in oil immersion and was found to be practically free of any
impurities. Analyses of three-gram samples were completed at the
Laboratory for Rock Analysis, Department of Geology and Mineralogy,
University of Minnesota, by Dr. Lee C. Peck, to whom the writer is
strongly indebted for painstaking work in difficult analyses.
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Triplite from the Mica Lode (Anal. No. 1) has one of the highest MgO

contents reported for the mineral, being exceeded only in the material

from Punau, Marienbad, Moravia (Anal. No' 27, Table 2) and "talc-

triplite" from Horrsjciberg, Sweden (AnaI. No. 30, Table 2.) Both of

these older analyses (1910 and 1883, respectively) are of poorer quality.

4. Branchville, Conn Dana, 1892, p. 7 7 7, Anal.-Penfi eld.

5. Haddam Neck, Conn Shannon, 1920. Anal.-Shannon. Rem. is insol'

6. Rapid city, south Dakota. Eakins, 1891. Anal.-Eakins. Rem. is Sior 0 43, Al,o! 8.74, K,O tr, NarO 5.25,

LilO 0.13, Cl 0 25,CO,O 26 "In reality it probably represents a mixture . . ."

7. Reagan Mining District, Aurum, White Pine County, Nevada. Hess and Hunt, 1913' Anal -Hunt'

8. ?U7 Ranch, near Hil lside, Arizona. Hurlbut, 1936 Anal -Gonyer Rem. is NazO

9. Mt Loma, ? miles from locality of No. 8, near Hillside, Arizona. Hurlbut, 1936 Anal -Gonyer'

10. San Luis, Sierr6 de C6rdoba, Argentina Stelzner, 18?3. Anal -Siewart. Ren' is SiO''

11. San Luis, Sierr6 de C6rdoba, Argentina. Stelzner, 1873. Anal.-Siewart. Rem. is SiO''

12. Salado, La Rioja, Argentina. Henderson, 1933. Anal -Henderson Rem. is Na,O 0 2 7, KrO 0.33, insol. 0 28'

Cl tr.
13. Mangualde, Portugal. de Jesus, 1933. Anal -de Jesus Rem. is NarO 0.38, KrO 0.2 7,-HzO 0.07, insol. 0 24.

14  Mangua lde ,Por tuga l .deJesus ,  1933 Ana l -deJesus .Rem. isNazo0.82 ,KrO1.18, -HrO250, inso l  020,

Mn,O,4 74. Called metatriplite.
15. Chanteloube, Limoges, France. Otto, 1936. Anal.-Otto Fluorine not determined. Two older analyses oI

triplite from France are not included in the table; both are of material from Limoges (Vauquelin, 1802 and

Berzelius, 1819 ) Vauquelin presented the original description of triplite, under the name, "phosphate

native de fer m6lange de mangandse " The name, triplite, was applied by Hausmann in 1813'

16. Zwiesel. Bavaria Fuchs, 1839. Anal -Fuchs. Rem. is SiOz 0.68, Fe 4.76

17. Zwiesel. Bavaria Otto. 1936. Anal.-Otto.
18. Schiinfeld, Germany, Otto, 1936. Anal.-Otto.
19. Wildenau-Pkissberg, Germany, Laubman and steinmetz, 1920. Anal -authors. Note low Proa Rem. is

insol.
20. Pleystein, Gernany. Laubman and Steinmetz, 1920. Anal'-authors. Rem. is insol

21, Hagendorf, Germany. Laubman and Steinmetz, 1920 Anal -authors. Rem is insol'

22. Schlaggenwald, Bohemia. von Kobell, 1864. Anal -von Kobell

23. Vienna, Gross-Meseritsch, tr(oravia. von John, 1900. Anal.-von John. Rem. is NazO 0 52, KzO 0.72-

24. Vienna. Gross-Meseritsch, Moravia. Kovar and Slavik, 1900. Anal.-Kovar. Rem. is SiOz. Altered, may

be triploidite.
25. Kdnigs\yart, Marienbad, Moravia. Sellner, 192'1. Anal -stanczak Rem is Na,O 0 22,K'O 0 06, insol'

0  36 .
26. Kdnigswart, Marienbad, Moravia. Sellner, 1924. Anal.-stanczak. Rem is NarO 0 30, KzO 0 12'

27. Punau, Marienbad, Moravia. Sellner, 1924. Anal.-stanczak. Rem. is Na,o 0.36, K,o 0.45, insol. 8.10.

Probably impure, note high insol. " . . . gangformig Triplit mit Granat." According to Lazaravic (1910) also

intergrown with fl uorite.
28. Peilau, Reichenberg, silesia. Bergemann, 1860. Anal.-Bergemann. Rem. is sio,0 23, Na,o 0.41, ignition

loss 1.28. Fluorine not determined.
29 Varutresk, Swe'Cen, Mason, 19418. Anal -I lerggren Rem. is NarO 0.39, K,O 0 33, Li,O 0 10' -rI 'O o'27 '

Inso l .6  22 .
30. Horrsj6,berg, Sweden. Igelstriim, 1882 Anal.-Igelstriim. Fluorine not determined Very likely a nixture,

for Igelstrijm (1883) states, " . . . je n'avais alors que peu d'echantillons assez impurs "

31. Skrumpetorpsee, ostergiit land, sweden, Hamberg, 1904. Anal.-sahlbohm. Rem. is sior 0 11, Alro:2.16'

NarO 0.98, KrO 0.33.
32 Lilla Elysjit, Krockek, Linkiiping, sweden. Nordenskjitld, 1902 Anal -Nordenskjdld Rem is sio, 0.18,

A l ,Oa 0 .37 ,  Na:O 0 .31 .
33. Lemniis. Kimito. Southwest Finland Pehrman, 1939, Anal.-Pehlman Rem. is NarO 0.22, KzO tr, -HrO

0.0 i .
34. Mattkarr, Kimito, Finland. Otto, 1936. Anal.-Otto.
35. Serro Branco, Picuhy, Parahybla, Brazil. Fornaseri, 1943. Alal.-Fornaseri. Rem. is Nazo 0.10, Kro tr,

-H,O 0.20. Called "alluaudite,"
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OrnBn Ax.crvsns

Table 2 lists analyses of triplite from the literature. Those in which

fluorine was not determined are of questionable value, and those that

list a high percentage of insoluble material were undoubtedly performed

on impure samples. Large percentages of FezOa, Mn2O3, and HzO(-)

and subnormal percentages of PzOr' and F indicate alteration of the

specimen.

IVnO

Frc. 1. Compositional field ot triplite in terms of FeOtequivalent FezOr,

MnO, and MgO*CaO.

analysis of triplite from Brazil and which contains 8.10/s Ca'O'
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Triplite does not form an isomorphous series with wagnerite. fnter-
mediate compounds are unknown, and &o of wagnerite is approximately
twice that of triplite. Neither does triplite form an isomorphous series
with triploidite, which was recognized by Frondel (19a9). Most triplites
with less than about 7/6 F also show some oxidation of the iron.

RprerroN ol Pnystcal PnopBntrps ro CoMposrrroN

Indices oJ refraction

Indices of refraction have been measured on only 14 analyzed speci-
mens (Table 3).

Tasrr 3. INorcrs ol Rnlnecrrom or ANer,vznn Tnrprrrns

1 .665

I  O / J 1 .680

I .686 t . 6 7 4

l . / l . t I  .680

Otto (1936) treated triplite as a two-variable series between Fe" and
Mn/'and failed to consider the modifying influence of Mg and Ca on the
indices of refraction. His graph (p. 95) shows a straight line relation be-
tween /6 FeO and the three indices.

With those analyses of Fig. 1 for which indices are available, it is pos-
sible to contour the triangular diagram for values of the refractive in-
d ices.  This has been done for  a (F ig.2)  and r  (F ig.3) .  The few dis-
crepancies that appear probably are attributable to some inaccuracies in
index determination. For example, in Fig. 2, a of Anal. 9 appears to be
too low and in Fig. 3, 7 of Anal. 8 is apparently low.

The contour patterns clearly reveal: (1) that the indices increase with
increasing FeO; (2) that the indices decrease with increasing MgO* CaO;
(3) that the rate of increase per unit of FeO is much greater than the
rate of decrease per unit of MgO*CaO; (4) that variations in the MnO
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Frc. 2. Relationship between composition and a index of triplite.

IYqO
' 7  c a o

Fro. 3. Relationship between composition and 7 index of triplite.

/{nO
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content have almost negligible effect upon changes in the values of the
indices.

If tr iplite contains very minor amounts of MgO*CaO, it may be
treated as a two-variable system in which the indices of refraction
change directly with the iron content. This relationship is shown graphi-

cally in Fig. 4, in which 7 is plotted against
FeO*equiv. FezOa

, for four

triplites with MgO*CaO less than 3.00/6.
triplites fulfill this last condition.

MnO

I{owever, relatively few

FeO + eTuiv Fe"O,

/"fno
(ttgo , Cao < s.oo %)

Frc. 4. Relationship between 7 index ona I4t#* FezOe .- ln tnplltes
MnO

that have MgO*CaO <3.00%.

Henderson (1928) employed the name zwieselite for iron-rich triplite.
However, since three variables and not two are important in triplite,
this designation should not be retained and the varietal name ferroan
triplite is preferable.

Other O ptical Properties

The optical orientation of triplite varies with the composition, al-
though too few data are available to systematize the relationships. It
seems clear that with increasing amounts of MgO and CaO the optical
angle (2V) decreases to as low as 25o, for MgO*CaO:15.917o (Anal.
1). Most triplites are optically positive with a Iarge 2Y and D:Y. In
two cases, however, the mineral is optically negative with a larye 2Y
(Anal. 2 and9). Figures 5a and 56 illustrate the differences in optical
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orientation for two triplites of markedly difierent chemical composition.
Hurlbut (1936) reported a peculiar orientation for triplite from the

7U7 Ranch,  Ar izona,  which was said to have X:  b,Z\a:22" ,2V:28",
and to be optically positive. This orientation was based on the assump-
tion that (100) was the best cleavage (Hurlbut, priv. comm.). More re-
cent work indicates that (001) is the best cleavage with (010) as next

(a) (6)

I'rc. 5. Optical orientation of triplite. o. From Mica Lode (Anal. 1);

b. From School Section (Anal. 2).

best (Pehrman, 1939, Richmond, 1940, and Wolfe and Heinrich, 1947)
and (301) as another possible cleavage (Pehrman, 1939). The front
pinacoid (100) was found by Wolfe and Heinrich (1947) as a poor
cleavage direction on only one crystal from the Mica Lode pegmatite. If
the new cleavage orientation is applied to Hurlbut's data and it is as-
sumed the cleavage he used as (100) is actually (010), his optical orienta-
tion becomes inconsistent with a monoclinic symmetry. Unfortunately,
it was impossible to check this orientation, for a specimen of triplite from
this locality kindly submitted to the writer from the Harvard Mineralogi-
cal Museum proved to be badly weathered and nearly opaque due to
secondary oxides of iron and manganese. Type material from Mt. Loma,
Atizona (Anal. 9), also described by Hurlbut (1936) was checked by the

/o5
-tZ

/-
- / <

-/-

-----

-'-/ /'a
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writer and found to have an optical orientation very similar to that for
School Section material (Anal. 2) (Fig. 5b).

Triplite shows considerable variation in color from salmon pink to
dark brown with the darker colors prevailing in the iron-rich varieties
and the lighter colors more characteristic for types poorer in iron. Vari-
able amounts of magnesium and calcium have apparently no marked
effect on the color. The absorption formula is variable; recorded ex-
amples are: Lemnds, Kimito, Finland, X<y<Z (Anal. 33); La Rioja,
Argentina, X>Y>Z (Anal. 12); Reagan Mining District, Nevada,
X>Y=Z  (Ana l . 7 ) ;  Haddam Neck ,  Conn . ,  X>Z>Y (Ana l .  5 ) ;  and
Mica Lode,  CoIo. ,  X:Z)Y (Anal .  1) .

Pehrman (1939) found an irregular color distribution in triplite from
Lemnds, Kimito, Finland, and ascribed the origin of the colorless patches
to local replacement of iron and manganese by calcium. Similar color
irregularities occur in triplite from the Mica Lode pegmatite. Not only
do randomly distributed patches show a lower color density, but they also
are characterized by a markedly lower dispersion and somewhat lower
birefringence.

Henderson (1933) states, "There is a rather prominent zoned struc-
ture present and these zones are composed of triplite which has a duller
luster and a more pronounced brown color without the reddish tint.
When the mineral is powdered and examined under the microscope these
different bands are indistinguishable from each other." This zoning may
well be that due to incipient alteration so commonly found in triplite.
The relative positions of the zones are not given by Henderson. Zoned
triplite also has been reported by Glass (1935) from the Morefield mine,
Virginia, where cores are salmon colored and outer parts are brown-black.
This too may be the result of alteration.

The dispersion is r)u and ranges from weak to strong.

Specif.c Grav,ity

There are available 22 specific gravity determinations on analyzed
triplite including five by the writer (Anal. l, 2, 3,8, and 9). These
analyses were plotted on the triangular diagram used as a base for Figs.
1-3. It was not possible, however, to contour the diagram in terms of
specific gravity values. This appears to be due, in part, to wide variations
in the quality of the determinations and in part to the influence of varia-
tions in the fluorine content. The value of G in unaltered triplites ranges
from 3.55 to 3.97. In general the specific gravity increases with increasing
FeO and decreases with increasing MgO*CaO.

That the variation in fluorine has a marked effect on G is shown in
Fig. 6. For three triplites, whose FeO*equivalent Fe2O3, MnO, and
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MgOf CaO contents are similar, G is plotted against weight percent

fluorine. The graph reveals a significant decline in G with increasing

fluorine, other elements being nearly constant.

c

2.0 3.o 4.O 50 6.0 VO A.O

%r
Frc. 6. Relationship between specific gravity and fluorine content in triplites

whose contents of FeO, MnO, and MgO-f CaO are similar.

Alteration

The following minerals have been classed as alteration products of

triplite: pseudotriplite (Blum, 1845), "a substance near heterosite"
(Dana, 1892), alluaudite (Dana, 1892 and Hintze,1933), dufrenite (Kovar

and Slavik, 1900), phosphosiderite (Sellner, 1924), heterosite and pur-
purite (Miil lbauer, 1925), metatriplite (de Jesus, 1933), lemniisite
(Pehrman, 1939), apatite (Pehrman, 1939 and Heinrich, i948), and
vivianite (Sellner, 1924 and Mason, 19418). The alteration products of
iron-manganese phosphate minerals have been thoroughly investigated

by Mason (1941A) who demonstrates the following:

1. That pseudotriplite was originally described as an alteration of triphyllite by Fuchs

(1835) and furthermore is synonymous with heterosite.

2. That alluaudite contains sodium and was considered by Lacroix (1910) to be an

alteration of natrophilite.
3. That the heterosite of Miillbauer (1925) is actually ferri-sicklerite and his purpurite

is heterosite, and that they both clearly are alterations of triphyllite and not of

triplite. Mason (1941A, p. 149) states, "Derivation of heterosite and purpurite from

triplite must be considered doubtful, to say the least."

Kovar and Slavik (1900) state that the alteration of triplite begins
with replacement of fluorine by hydroxyl to form triploidite and con-
tinues with the subsequent oxidation of iron and manganese' They
cite as evidence for the first change two analyses of "triplite," one from
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Vienna, Moravia, with only a trace of fluorine and the other from
Cyrillhof, Moravia, with 0.88% fluorine. These are, of course, triploidite,
and not triplite, as was also recognized by Frondel (19a9). The authors
give no evidence, other than the low fluorine contents, that either was
derived from triplite through replacement of fluorine by hydroxyl. In
fact they state specifically that the analysis of the Cyrillhof mineral
(renamed wolfeite by Frondel, 1949) was conducted on "Miiglichst
frische Triplitstiicke" (p. 401). Thus it appears probable that they were
dealing with iron-rich triploidite of primary rather than of secondary
origin and that the Vienna pegmatite contained both triplite and trip-
loidite. The coexistence of triplite and triploidite in the same pegmatite
is reported from Branchvil le, Connecticut; Hagendorf, Bavaria; Skrum-
petorp, Sweden (wolfeite); and Vaviinec Hil l, Bohemia. There is no
proof that triploidite forms by alteration of triplite, although Scholz
(1925) also states that triplite plus water witl yield triploidite.

Mason (1941A) has shown that all of the iron in iron-manganese phos-
phates will be oxidized to the ferric state before any of the manganese is
changed to the manganic state. The oxidation of the iron and replace-
ment of fluorine in triplite probably proceed simultaneously. This is
shown by analysis 14 (metatriplite from Portugal), in which all of the
iron and some of the manganese have been oxidized, but much of the
fluorine remains. The material, metatriplite (de Jesus, 1933), represents
an early stage in the alteration of triplite. The structural identity of the
type metatripiite with ordinary triplite has been established by Mason
(pers. comm.) by means of r-ray powder photographs. Metatriplite
very likely is the same material that commonly forms a thin darker,
non-vitreous alteration shell around many triplite masses. This material
has a lower specific gravity and lower indices than triplite and is nearly
opaque due to very abundant minute dark brown inclusions (specks of
FezOa and Mn2O3?). It, too, has been shown to be structurally identical
with triplite (Wolfe and Heinrich, 1947).

The only valid species formed as weathering products of triplite are,
therefore, dufrenite, phosphosiderite, and vivianite. Lemniisite, which
Mason (19414.) has shown to be identical with alluaudite, is said by
Pehrman (1939) to have been formed from triplite by reaction with
Na-bearing solutions that also formed cleavelandite and is thus of
hydrothermal origin. Similarly the dark manganiferous apatite de-
scribed by the same author as forming shells on triplite in the Lemnris
pegmatite must be a reaction product with Ca solutions. Dark brown
apatite found by the writer (Heinrich, 1948) as an alteration of triplite
is believed to have been formed through supergene alteration by CaCOr
waters.
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OccunnpwcB nNo Drsrnlnurrow

Triplite has been found at the following localities:

IJ .S.A . Maine: Auburn; I{arndon Hill, Stoneham; Buckfield (a U. S. Nat. Mus. spec.

from this locality is apatite). Connecticut: Haddam Neck; Middletown; Branchville;

Paul Anderson farm, 5 miles south of Cobalt. Neu Hampshire: Palermo Mine, North

Groton. Virgini,a: Rutherford and Morefield mines, Ameiia. South Dahota: Etta Mine,

Keystone; High Climb Mine, Custer; Margaret Tin Mine, Pennington Co.; an un-

identified locality cited as "Rapid City." Colorad,o: Mica Lode and School Section

pegmatites, Eight Mile Park, Fremont Co.; Deadmans Canyon, Turkey Creek, EI

Paso Co.; Big Boulder pegmatite and two other pegmatites $ mile to the northeast,

Crystal Mountain Area, Larimer Co. Arizona: 7U7 Ranch and Mt. Loma, near Hill-

side; near Wickenburg. Neoo.da: Southeast side Kern Mtns., near Reagan, White Pine

Co. Cal'iJornia: Stewart Mine, Pala; Camp Signai, 9 miles north of Goffs, San Berna-

dino Co.
Argentina: Salado, La Rioja; San Luis and San Rogue, Sierrd de C6rdoba; San Judas

Tadeo pegmatite, Punilla Valley, C6rdoba. Bol,iaia: Near Fabulosa Mine, headwaters

of Rio Lallana, Cordillera Real. Brazil: Serro Branco, Picuhy, Parahybla.

Portugal: Mangualde. France: Alluad, La Vilate, and Chatres, all near Chanteloube;

Chabanne and Hureaux, in Saint Sylvestre; Compreignac; Bessinesl Charmasse, in

Mesvre, Sa6ne-et-Loire.
Germany: Marchaney, Wildenau-P]dssberg, Pleystein, Hiihnerkobel, Hagendorf, D6fer-

ing near Waldmiinchen, Frath, Bldtz, Brandten, Harlachberg, H6rnelberg, Birkhohe

and Kammermayer-Keller by Zrviesel, all in Bavaria; Geyer, Saxony; Schdnfeld (state

unknown).
Bohemia: Vaviinec Hill, near DomaZlice; PobEZovice; Schlaggenwald; Havirky near

Pisek. Morori,a.' Viden; Vienna, Gross-Meseritsch; Cyrillhof, Gross-Meseritschl Punau,

Marienbad; Kiinigswart, Marienbad (2 locaiities). Silesia: Peilau, Reichenberg.

Norway: Brevig; Landaas, Iveland. Swed.en: Horrsjdberg, Wermland; West of Lake

Skrumpetorp, Ostergiitland; Lilla Elysjd, Krockek, Link,iiping; Varutriisk. Finland':

Sukula, Tammela; Viitaniemi, Eriijiirvi parish, near Oriviisi; Lemnds, Kimito; Matt-

kiirr, Kimito; Helsingfors.
Sout'hwest AJrica: Ka/,bib District; Erongo Areal Sandamab; Otjimboyo; North of

Arandis. Southern Rhod'esi,a: Tchetchenini Hi11, Lomagundi. Cape Proilnce; Wolf Kop,

northeast of Kenhardt.
Siberia: Djidinskoe, Western Baikal. Ind:ia: Banekhap, Singar, and Abraki Pahar,

Pichhli, all in the Gaya District, Bihar Province, Bengal. Korea: Denso-men District,

Heian-hokudo.

PennGnNBsrs

Triplite occurs chiefly in pegmatites but also to a limited extent in

hydrothermal veins of the high temperature variety. The occurrences

may be grouped into the following types:

I. Pegmatites.
A. Granitic pegmatites with a relatively simple and subordinate hydrothermal

assemblage.
B. Granitic pegmatites rvith a well developed phosphate assemblage'

C. Granitic pegmatites characterized by a lithium phase'

D. Granitic pegmatites with a tinlithium phase.
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II. High temperature veins.
A. Tin veins.
B. Tungsten veins.
C. Phosphatic veins with Al and Ti minerals.

Granitic pegmatites in which the hydrothermal mineral assemblage is
relatively simple may contain triplite. Examples are C6rdoba, Argentina,
Skrumpetorp, Sweden, and Eight Mile Park, Colorado. Mineral as-
sociates of the triplite are albite, beryl, muscovite, sulfides, tourmaline,
and columbite.

Occurrences of triplite in the more complex phosphatic type of peg-
matite are represented by the Bavarian and French localities, Mangualde
in Portugal, DomaZlice and PobEZovice in Bohemia, the Gaya district
of Bengal, and Stoneham, Maine. Triphylite, apatite, and many other
phosphates may accompany triplite. Columbite, beryl, sulfides, musco-
vite, and tourmaline are other typical associates. Minor cassiterite may
be present, but both Sn and Li are subordinate.

Triplite-bearing lithium pegmatites with lepidolite and either or both
spodumene and amblygonite occur in the Black Hills, near Wickenberg
in Arizona, at Haddam Neck, Connecticut, and at Tammela, Finland.
Various other phosphates usually are present as are beryl, tourmaline,
muscovite, and tantalum minerals.

fn the Karibib and Erongo areas of Southwest Africa occur triplite-
bearing pegmatites characterized by cassiterite, lepidolite, tourmaline,
wolframite, tantalite, and muscovite. The pegmatite assemblage at
Lemnds, Finland is similar, and the Geyer, Saxony occurrence also
belongs here.

Only six vein occurrences of triplite have been recorded. The Korean
deposit at Heian-hokudo (Ishibashi, 1944) is a tin-tungsten deposit
with cassiterite, teallite and stannite, wolframite and scheelite, and the
bismuth minerals, bismuthinite, native bismuth, and cosalite. Molyb-
denite and several other common sulfides also are present. Other tin
veins that contain triplite occur in Bolivia (Ahlfeld, 1926) and at
Schlaggenwald, Bohemia. At the former cassiterite, stannite, molyb-
denite and other sulfides appear; at the latter cassiterite and molybdenite
also are found. Triplite occurs in tungsten veins near Aurum, Nevada
and at Camp Signal, near Goffs, California. Huebnerite is the tungsten
mineral common to both deposits. The Nevada occurrence also has
scheelite and the bismuthinite-native bismuth-cosalite assemblage.

The Horrsjciberg, Sweden, occurrence of triplite ("talc-triplite") is
unique. Quafiz veins contain svanbergite, lazulite, apatite, triplite,
pyrophylite, damourite, rutile, ilmenite, garnet, tourmaline, and pyrite
(Igelstrom, 1883).
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In pegmatites triplite is usually the product of hydrothermal solutions

and forms by replacement, for commonly it is associated with sodic

plagioclase in secondary structural units. Apparently, it is developed

during the early stages of the hydrothermal phase' However, Pehrman

(1945) has placed it in the magmatic stage. The mineral has not been

observed in vugs, but large, rough, partly faced crystals are recorded

from three localities:

(1) Hagendorf, Bavaria (Laubmann and Steinmetz, 1920).

(2) Lemn2is, Kimito, Finland (Pehrman, 1939).

(3) Mica Lode, Eight Mile Park, Fremont co., colorado (wolfe and Heinrich, 1947).

Within a single pegmatite district triplite may show a very markel

variation in composition, as for example, in Colorado (AnaI' 1-3);

Lrizona (Anal. 8 and 9) ; and Kimito, Finland (Anal. 33 and 34) ' In some

other districts the composition is relatively uniform: Bavaria (Anal.

19_21 and Anal. 16 and 17); Kiinigswart, Marienbad, Moravia (Anal'

25 and 26), and Argentina (Anal. 10-12).
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