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Present-day deposition of lepidolite from thermal waters
in Yellowstone National Parkl
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Abstract

I-epidolite found at depths of 23.8 to 28.5 meters in core from a drill hole near Ojo
Caliente hot spring in Lower Geyser Basin, Yellowstone National Park, appears to be
precipitating at 130'to 140'C from water of the presently active geothermal system. This
water has a very high fluorine content and an extraordinarily high ratio of lithium to potassium.

Introduction

In the course of a systematic mineralogic study of
hydrothermal alteration of glacial sediments and
rhyolite in core from U.S.G.S. drill hole Y-3, Yellow-
stone National Park, lepidolite was discovered and
shown to have been precipitated frorn geothermal
water at temperatures of 130" to 140"C. To the
best of our knowledge, this is the first report of
lepidolite from a low-temperature hydrothermal sys-
tem or from a modern geothermal system. Previ-
ously, lepidolite has been found only in pegmatites,
granites, aplites, and high-temperature veins (Deer,
Howie, and Zussman, 1962).

Geologic Occurrence

Drill hole Y-3 is approximately 43 m north of
Ojo Caliente hot spring on the west rim of Pocket
Basin in Lower Geyser Basin, Yellowstone National
Park (Muffier, White, and Truesde7l,7971, Figures
3 and 4). From the surface to a depth of 42.3 m the
drill hole penetrated hydrothermally cemented con-
glomerate, sandstone, and siltstone of late Pleistocene
age. Beneath these periglacial sediments is the Nez
Perce Creek flow, a rhyolite lava extruded approxi-
mately 150,000 years ago (J. D. Obradovich, oral
communication, October, t97 2) .

Lepidolite is found in Y-3 at depths of 23.8 to
28.5 m as linings and partial fillings (along with
other hydrothermal minerals) of intergranular cav-
ities of conglomerate and coarse-grained sandstone.
Lepidolite occurs as polycrystalline mats displaying
pearly luster; individual platy crystals range from

'P"blt."tt"n authorized by the Director, U.S. Geo ogical
Survey.

less than 0.01 mm to 0.04 mm across, with a few
grains up to 0. 1 mm. It is intergrown with hydro-
thermal quartz, pectolite, montmorillonite, and pos-
sibly albite. Hydrothermal analcime and pyrite occur
in the same specimens as lepidolite, but were not
observed in association with lepidolite. Hydrothermal
calcite, fluorite, chalcedony, aegirine, and clinoptil-
o{ite also occur in the interval 23.8-28.5 m. Lepido-
lite occurs only in the coarse-grained sandstones and
conglomerates, whereas clinoptilolite is restricted to
the fine-grained sandstones and siltstones.

Because of its mode of occurrence and association
with other hydrothermal minerals, lepidolite in Y-3
is considered to be of hydrothermal origin. Further-
more, the hydrothermal minerals of Y-3 appear to
have been deposited by the fluids of the geothermal
system still active at present (cl Honda and Muffier,
1970), probably at temperatures not much different
from those measured during drilling.

Temperafure of Formation

Temperatures of L32.4'C and 140.1"C were mea-
sured at depths of 24.3 and 31.2 m during pauses in
drilling. Measurements were made with a maximum-
reading mercury thermorreter at least 16 hours after
the termination of drill-water circulation at the end
of an S-hour drilling shift; they are considered to be
a close approximation to pre-drilling ground tem-
peratures (unpublished data of D. E. White, R. O.
Fournier, L. J. P. Muffier, and A. H. Truesdell). The
temperatures measured plot very close to the refer-
ence boiling-point curve for pure water under the
hydrostatic pressure of a column of pure water
everywhere at the boiling point (Muffier, White, and
Truesdell, 197 1 , Figure 2) .
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Mineralogic Data

Lepidolite was first detected during routine X-ray
diffraction studies of the Y-3 core. The small basal
spacing relative to that of illite (a predictable hy-
drothermal mineral) prompted concentration of the
mica by hand-picking, after which the mineral was
identified as lepidolite. Table L shows X-ray diffrac-
tion data for two samples of lepidolite from Y-3,
along with the X-ray diffraction data given by
Munoz ( 1968, Table 3 ) for a synthetic polylithionite.

A precise determination of the (005) spacing
using the method of Guidotti (1966, p. 1782) gave
1.977 A for lepidolite from 23.8 m and I.974 A f.or
lpeidolite from 28.3 m. Using Figure 6 of Munoz
(1968), the basal spacings calculated from the
(005) determinations give compositions along the

Tesrn l. X-ray Diffraction Data for kpidolite from 23.8 m
and 28.3 m in Y-3, Compared with Synthetic Polylithionite

(Munoz, 1968, Table 3)*

S y n t h e t i c
p o l y l i t h i o n i t e Y 3 - 2 3 . 8  n

d (A) d ( A )  7

polylithionite-muscovite join of PlgsMsp and Plgs
Mse2, respectively.

Examination in immersion oil under a petrographic
microscope shows the lepidolite to have perfect

{001} cleavage, parallel extinction, and an o'index
of refraction of about 1.55.

Chemicat Data

Lepidolite from 23.8 m was analyzed for all sig-
nificant elements except Li, O, and H on an ARL
BIvrx electron microprobe, using natural and synthetic
mineral standards. All data were corretced for drift,
background, matrix absorption, characteristic fluo-
rescence, and atomic number efiects (Beeson, 1967;
Beaman and Isasi, 1970) (Table 2, column 1).

Spectrographic analysis of impure lepidolite from
28.3 n gave the results shown in Table 2, column 2.
Thirty additional elements were looked for but not
detected.

X-ray diffraction and optical examination of the
spectrographically analyzed sample suggest about
34 percent impurities (mostly qnartz> plagioclase,
alkali feldspar, analcime, and pectolite). Recalculat-
ing the lithium spectrographic value for these im-
purities suggests that lepidolite contains about 3.5
percent Li or 7.5 percent LizO by weight.

The complete chemical analyses of the lepidolite
can be approximated by combining the microprobe
data expressed as oxides with the LizO value cal-
culated from the quantitative spectrographic analy-
ses, and making reasonable assumptions for IIpO-
(see footnote to Table 2). Even with the addition of
LieO and HzO*, however, the oxide total is sig-
nificantly short of 100 percent (Table 2, column 3).
Inasmuch as the microprobe values are reproducible,
and since no additional major elements appeared in
the quantitative spectrographic analyses, the low total
is considered to be the result of the small gtain size
effect2 (Page, Calk, and Carr, 1968 ).

The chemical data have been recalculated to
ions per unit formula (Table 2, column 4) using
the computer program of Jackson, Stevens, and
Bowen (1967) based on the formula K*(Li,
Al)b*6[Si6-?Alr-rOeo] (OH, F)4. Comparison of the
recalculated chemical data (Table 2, column 4) with

'The size of the lepidolite grains in the sample that was
analyzxd with the microprobe was later determined to lie
in the lower size range, 4 to 10 ,c. Furthermore, only those
grains presenting an edge were selected for analysis to
insure that the electron beam would not be penetrating a
very thin lepidolite tablet.
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Figures 25 to 28 of Foster (1960) corroborates the
X-ray data in indicating that the lepidolite from Y-3
is a polylithionite.

Water Cornposition

Two major water-producing zones were pene-
trated in the Y-3 drill hole at depths of approximately
28 and 88 meters. Lepidolite occurs in and just
above the more shallow zone, which according to
unpublished data of D. E. White, R. O. Fournier,
L. J. P. Muffier, and A. H. Truesdell is a fissure
carrying boiling water from the deep aquifer (88 m)
up to Ojo Caliente hot spring.

Water from the 88 m aquifer was sampled in Y-3
without loss of steam and analyzed (see Table 3,
column 1). The results may be compared with the
composition of water from Ojo Caliente spring

TrsrE 2. Analyses of I-epidolite from Y-3t
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(Table 3, column 3). Although both waters are very

dilute, it is apparent that water from Ojo Caliente
is slightly more concentrated than that sampled
from the 88 meter aquifer in Y-3. We believe that

the differences are due in part to loss of steam and

in part to reaction with the wallrock during ascent
of the water. We conclude that the water which de-
posited the lepidolite from 23.8 to 28.5 m was in-

termediate in composition between the water sampled
frorn the 88 m aquifer and Ojo Caliente spring.

Taking the silica content of Ojo Caliente as 230
ppm, and assuming adiabatic cooling, a reservoir

temperature of 176" -+ 3oC may be estimated by
the method of Fournier and Rowe (1966). This

temperature is in excellent agreement with the mea-

sured aquifer temperature of I74"C. Therefore, it
appears that an assumption of adiabatic cooling is

good, and that abut 15.0 percent steam separated

from the deep water by the time it emerged in Ojo

Caliente spring. We then can calculate from col-

umn 1 an ideal composition of Ojo Caliente water,

assuming neither reaction with the wallrock nor

precipitation of dissolved constituents during ascent

from the 88 m aquifer. The result is shown in Table

3, column 2. A comparison of columns 2 and 3 in

Table 3 shows that significant loss of potassium and

a probable loss of calcium occurred during ascent
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of the solution. In contrast, within analytical error
there was no loss or gain of sodium, chloride, or
fluoride. Unfortunately ,the precision of the lithium
analyses is only about -+0.3 ppm3 and, therefore,
the difference in lithium between column 2 and
column 3 is not significant.

Two aspects of the water composition deserve
special notice; the waters are relatively rich both in
lithium and fluoride. Although the absolute quantity
of lithium (3.5 to 4.5 ppm) is not great, tlre atomic
ratio Li/K is extraordinarily high, ranging from
about 1.8 in the well water to about 2.8 in the
spring water. The absolute fluoride concentration (30
to 33 ppm) is remarkably hlgh compared to all
other neutral to slightly alkaline ground waters
(.1-24 ppm; White, Hem, and Waring, 1963), and
the atomic ratio Cl/F is low (about 5) compared
to most other known geothermal waters (White,
Hem, and Waring, 1963; Mahon, 1964; Ellis, 1967).
Although the lepidolite is forming from a relatively
dilute water solution, this water is anomalously rich
in lithium and fluoride, the two chemical constituents
necessary for the formation of lepidolite.
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