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SUMMARY. — Tunellite which is a hydrous strontium-borate mineral with the composition SrBO, . 4H,0
was discovered in the borate deposits of Sarikaya (Kirka), located in the center of Eskisehir-Afyon-Kiitahya triangle.
Sarikaya borate deposits differ from the others in their mineralization and origin. There are also other Na-, Na-Ca-,
Ca-, Mg-Ca- and Mg-borate minerals encountered beside tunellite, such as borax, ulexite, kurnakovite, colemanite,
inderite, inderborite, meyerhofferite and inyoite.

Microscopic, chemical and X-ray diffraction studies were made of the various samples collected from the deposits.
The results are in accordance with those of Erd er al. (1961) who worked on the tunellite of Kramer and Death Valley.

The tunellite of Sarikaya has a secondary origin. Burial of deposits by young sediments caused a rise in the tem-
perature and pressure. Therefore the activity of capillary water decreased. This factor along with enrichment of Sr™
in some places led to forming of funellite from highly hydrous borates.

INTRODUCTION

Tunellite was first discovered in 1957 by Erd in the samples collected from Jenifer mine at
Kramer borate deposits of California (Erd et al., 1961). Preliminary studies of funellite showed that
its optical properties were quite similar to those of Aydroboracite (MgCaB,O,, . 6H,0). No X-ray
diffraction studies were carried out at this stage. Later Morgan (in Erd et al., 1961) worked on samples
from the same mine and determined the chemical formula of funellite to be SrB,O,,.4H,0. McAl-
lister encountered the same mineral in 1959 at Furnace Creek deposits of Death Valley, California.
X-ray diffraction studies were made of these samples by Clark (in Erd et al, 1961) and the results
showed that tunellite is a new borate mineral isomorphous with nobleite (CaB,O,-4H,0).

Tunellite has not been observed anywhere other than California. It was found by the author
who studied the borate deposits of Sarikaya, Turkey (Baysal, 1968; 1969; 1970; 1972).

Sarikaya borate deposits are Na-borates and have been studied by the author since 1968.
These deposits are located in the center of Eskisehir-Afyon-Kiitahya triangle in large reserves and
will have a high production capacity in the future. Therefore it is necessary, here, to give information
about the genesis and occurrence of these deposits and especially about tunellite. The author has
collected his studies and his conclusions since 1968 in «A mineralogical study and genesis of Sari-
kaya (Kirka) Borate deposits (Baysal, 1972).

Samples from Sarikaya borate deposits collected in the field and also taken from the cores
have been studied systematically under, the microscope and by chemical and X-ray diffraction
methods. Doing so the mineralogy and the genesis of the deposits have been understood clearly.
Geological, petrographical and geochemical aspects have also been determined in general. Detailed
geochemical study is being carried out by the author.
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Sarikaya borate deposits are located in the lacustrine-volcanic sedimentary facies of Neogene.
Lithologically and stratigraphically five different facies are seen in Neogene:

(5) Upper calcareous series
(4) Clay-marn sertes

—Pli
(3) Borate series iocene
(2) Marn-—clay series
(1) Lower calcareous series Miocene

There must have been a connection between the origin of these series and the volcanic events

because tuffaceous layers are observed both in the borate series and in the marl-clay, clay-marl series.

Sarikaya borate deposits differ from the other borate deposits of Turkey because Na-, Na-
Ca-, Mg-, Ca-, Mg-Ca- and Sr-borate minerals all occur together. Below is a list according to

the abundance of these minerals:

Borax Na,B,0,- 10H,0
Ulexite NaCaB:Oy-8H0
Kurnakovite Mg:Bs0,1 - 15H;0
Colemanite CagBg(0;-5H:0
Tuneliite SrBgOye- 4H0O
Inderite MgzB:0y, - 15H;0
Inderborite MgCaB¢O1, - L1H,0
Meyerhofferite CaoBs0qp - 7TH;0
Inyoite CayBs0q4-13H:0

Of these minerals borax, kurnakovite, inderite and inderborite have first been observed in
Turkey in Sarikaya borate deposits (Baysal, 1968; 1969; 1970; 1972). Especially tunellite, inderborite,
kurnakovite and inderite are very rare in the world. Only tunellite was studied in this paper. A
series of papers about the others will be published in the future.

Exhalations containing sodium, magne-
sium and boric acid and coming from the
Miocene faults mixed directly into the Neogene
lakes along with volcanic ash and mud. These
volcanic activities continued during Pliocene.

Borax which constitutes the essential
part of the deposits along with ulexite, kurna
kovite, inderite and inyoite were deposited chem-
ically as primary minerals in the lakes and
formed the Sarikaya borate deposits of exha-
lative-sedimentary origin. Borax was deposited
in the deep parts of the lakes whereas ulexite
was deposited in the shallow regions. On the
other hand, kurnakovite and inderite were depos-
ited mainly in the late stages of deposition.
Inyoite is very rare.
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Fig. 1 - Location of Sankaya borate deposits.
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Burial of the deposits by young sediments, temperature, pressure, mixing of circulating
waters and dehydration of primary borates caused a change in the composition of capillary water
and indirectly in the hydrostatic pressure. Under these new physical and chemical conditions some
primary borates became unstable and turned into secondary borates, such as ulexite, colemanite,
meyerholfferite, inderborite and tunellite.

Accompanying the forming of primary borates, pyroclastic material in lake waters became
partly hydrolized because of its fine grain size and its thermodynamically unstable glassy structure
in the basic media. As a result silica, Mg and partly Al in the lake waters took part in the forming
of Mg-montmorillonite of the argillaceous rocks in spite of low temperature and pressure.

The excess of silica remaining from the synthesis of Mg-montmorillonite took part in the
deposition of siliceous limestones. Argillaceous rocks and the limestones which formed after the
borate deposits became dolomitic under early diagenetic conditions.

Tunellite of Sarikaya, of which we have tried to make a summary so far, does not have any
important economic values in the present but it is the most common mineral after borax, ulexite,
kurnakovite and colemanite. Tunellite occurs in different places of the borate deposits, especially
at the floor and on the ceiling, in the rhythmic clay and in marl with ulexife and sometimes with
kurnakovite and indente. Tunellite was found in abundance in the drills K-5, K-10 and S-2, it
was not so abundant in drills K-6 and K-7. Tunellite was not encountered in the other drills or
in the excavated cover. It was also found in abundance in the Kugkaya gallery and in galleries 1, 8
and 5 ofthe Turkish Borax Mining Company and also in front ofthe pit number 3 (see Baysal, 1972).

) f z
MINERALOGY [ i
{
The structural and chemical formulas T ﬁs“_ /
of tunellite are Sr [B,O, (OH),].3H,0, \ #—-2’ \>
SrO - 3B,0, * 4H,Orespectively. Itoccurs i / //

with ulexite, kurnakovite and inderite in
nodular form and as idiomorph crystals.
The nodules have irregular shapes and
diameters from a few millimeters to 34
centimeters. They have deformation and
slippage planes parallel to the cleavage.
Idiomorph funellite crystals are in the
form of flakes and plates 2-3 centimeters
in length. Crystals grow on {100}, {111}, -——
{011}, {110} and {001} faces (Fig. 2). {100}

is the most prominent face and it is a

cleavage plane. The cleavage is very good "
and the mineral can be broken into planes

and flakes parallel to {100}. It is often

seen that many idiomorph tunellite crys- :
tals display displacements and accor- / :
dion-like cracks parallel to the cleavage :
plane. These features resemble mineral

"‘a
A
|
aggregates grown parallel to one another. *I
There is always some clay and marn Fig. 2 - Optical orientation of wmelljte,
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intermixed with these slippage planes. Water is taken up by these clay layers and subjects the
mineral to pressure. Again, accordion-like cracks form on the cleavage faces when the crystals

are slightly heated.

Pure tunellite crystals are colorless and transparent. {100} faces display perfect cleavage and
pearly luster. On the other faces glassy luster is more prominent. Some tunellite crystals appear gray-
white and milky, due to the presence of interlayered clay, and some are silver-white because of slight
dehydration. Thin plates of the crystals resemble muskovite and are elastic. { Okl } faces of tunellite
crystals have lines parallel to {001}.

Tunellite is monoclinic. Its structure was determined by Clark (1964) and differs from the
other polyborates in that it contains [B,O, (OH)Z]Z' polyanions. Optical properties of tunellite
of Sarikaya were determined under microscope and by the use of universal stage. Its refracting
indices were measured under Na-light. The results are in quite good agreement with those of
Erd and his colleages. Table 1 lists the crystallographical, optical and physical properties
of tunellite determined by Erd et al. (1961).

Table - 1

Crystallographic, optical and physical data of tunellite

Cell contents 4 [SrO - 3B,0; - 411,0]
Crystal system Monoclinic
Space grobp P2,fa
“ 14.36 70.05 A
bs 8.1950.02 A
C 9.9370.02 A
Jij 113°55" 3 107
Cell volume 1068 A3
Density (measured) 2.40F0.01
n, 1.519 3 0.003
n, 1.534 3 0.002
n, 1.569 5 0.002
2V {(calculated) 68°
Dispersion TAY, weak
Optical orientation Xpa=129°
Y="0
Zpc= —5°
Cleavage { 100} perfect
{001} indistinct
Hardness 2.5
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No alterations were observed in these funellite samples from drill core's. However, samples
from old galleries and pits often display chalk-like specks on the cleavage faces. These crystals
look much like muscovite, are silver-white in color and they probably formed by dehydration
of tunellite exposed to weathering. To prove this hypothesis fresh funellite crystals were heated and
the crystals first became silver white and then turned into earthy masses resembling white chalk.
Again the tunellite crystals in these masses were broken off along the cleavage planes due to
swelling ofthe interlayered clay.

CHEMICAL COMPOSITION

A chemical analysis was made of a pure, colorless and transparent tunellite crystal. 0.5 gm
of the sample was dissolved in HCI and was neutralized by NH,OH. Enough H,SO, was
added to precipitate all of strontium. Methanol of the same volume was put into this solution
and the latter was left overnight, during which a SrSO, precipitate formed. This was filtered,
washed, dried and weighed again. B,O, was determined by titration with NaOH and manitol.
Water was determined by loss on ignition of 1 gram samples. Spectral analysis showed that the
sample contains 0.04 % Ca, 0.03 % Ba and 0.01 % Mg.

Table 2 gives the results of the chemical analysis done by the author, in comparison with that
of native and synthetic funellite (Erd et al., 1961), and theoretical chemical composition of tunellite.

Table - 2

Chemical composition of tuneilite

J 2 2 Tﬁmre{ifal

compostiion
S0 .. ..., 26.85 27.71 27.02 26.94
B, Oy, ..... . 54.16 53.70 52.88 54.32
HO ... 18.90 18.71 20.04 18.74
Total : 9,91 100.12 O 04 100.00

1 - Chemical composition of tunellite from Sarikaya borate deposits
(the author).

2 - Chemical composition of tunellite from Kramer (Erd et al., 1961).

3 - Chemical composition of synthetic tunellite (Erd ef al., 1961).

X-RAY DIFFRACTION ANALYSIS

X-ray diffraction analyses of a few samples of tunellite were made to check the results of
microscopic and chemical study. The apparatus used was a General Electric X-Ray Diffractometer
700. One of the diagrams with the characteristics d-spaces is given in Figure 3. Intensities are
given in logarithmic scale because the apparatus was calibrated prior to the analyses.

Results of the X-ray diffraction analyses are also in agreement with those of Erd er al. (1961),
who worked on both the native and the synthetic funellite (sce ASTM 14-616). Data in Table 3 is
included here for the purpose of comparison.
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Fig. 3 - X-ray diffraction diagram of tuneilite frotn Sarikaya borate deposits.
Rad.: CuKa; Filter: 2 layers nickel; Diffractometer: beam slit 3°; Seller=medium; Time constant:
approx, 2 sec.; Log 10-10000; Scan: 2°/min.; Target angle: 4°; Chart speed: 12/hr; KVP: 45; MA: 5.
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ORIGIN

Experiments have shown that the types of polyanions and polyborates present in the borate
solutions are dependent on the following factors: the PH the temperature, the concentration of the
solution and the presence of some cations (Christ et al., 1967, Valyashko & Wlassowa, 1969;
Baysal, 1972). For example in the lakes containing Na and Ca, hydrous Na-, Na-Ca- or Ca-borates
form depending on the concentration of Na and Ca. If, on the other hand, Mg++ and Sr++
are abundant the kind of borates which will form depend on the [Ca++] /[Mg''] and [H,O]

or [Cat++] / [Sr++] and [HaO]' Experiments, thermodynamic and geochemical principles along
with the observations at numerous evaporite deposits have shown that under surface temperatures

the most hydrous borate of each series is chemically precipitated first. To put it differently,
under surface conditions the borates that are precipitated as primary minerals in the lake waters
are the most hydrous members of their series (Muessig, 1959; Christ et al., 1967; Ozpeker, 1969;
Baysal, 1972). Indeed, in Sarikaya deposits, borax, which is the essential mineral and the most hydrous
member of its series, is a primary mineral.

The only Sr-borate mineral of Sari-
kaya deposits is funellite (StB,O,,4H,0).
No literature was found about the stabil-

ity conditions for this mineral. Crystal PANDERMIT
structure of tunellite is the same as that (Freceite)
Co, By Oy TH0

of nobleite (CaB,O,, * 4H,0), and also their
crystallographical, optical and physical
properties are the same. A high hydrous
type of tunellite StB,O,, * SH,O was syn-
thetically made by Gode and Kesans (cit.

oy By Oy, *IHLD

FILEMANIT
|Colemgn.te
I Ca B, a9, SHO

YOI T
[ lnyale)

NOBLET

[Meyerhottente]
Ca, 857, 7H, 0

MEYERHOFERT

I

in Erd ef a/., 1961). The formula and 7] ~ {8500 —

the crystal structure of this mineral re- Sz ey

semble very much those of goverite g GiNORIT Co 8 Oy SH;0 _
(CaB,O,, * 5H,0). Considering these simi- c,,;::z;:’;..!o 5 E
larities, the author came to the conclu- 3§
sion that tunellite probably formed, as SassoLL M
nobleite, after the deposits were buried by METABORIT B 0y M0

young sediments. Because it is thermody- B, 0y H 0

namically and geochemically impossible

for tunellite to form under surface condi-
tions, on the contrary it is possible that
tunellite forms, as seen in Figure 4, from

Lag [H:DT. -

. X . Fig. 4 - Schematic plot of the phase relations in the system
a higher hydrous borate - mineral of its . sp . 7110 B0, - HO—H,0. The solidsarein
series, such as nobleite (Ca-borate) by equilibrium with saturated solution; brackets denote
hydration or metasomatism. No concrete activities; the dashed lines enclose metastable fields. System
conclusions can be drawn, however, be- isclosed with respect to boron and open with respect to the
cations and H,0. As drawn, 1 unit along the log (H,0)-axis
is equal to 10 units along the log ([Ca++]/[H+]%)-axis.
Ascale of this kind is in accordance with the fact that log
The author thinks that the activity (H20) can vary only over a fraction of the range of log

of the capillary water decreased due to ([Ca ++]/[H+1%)

the rising temperature caused by the burial (From C.L. Christ; A.H. Truesdell & R.C. Erd, 1967).

cause neither nobleite nor goverite was
found in Sarikaya borate deposits.
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of deposits by young sediments. It can be seen in Figure 4 that this lower activity corresponds to
nobleite. Meanwhile concentration of Sr™" in capillary water containing borate polyanions in-
creased in places. As a result idiomorph funellite crystals or nodules, similar to the wulexite concre-
tions, formed in the argillaceous rocks (see Baysal, 1972). The fact that tunellite almost always
occurs with or in the secondary ulexife concretions proves this hypothesis mentioned above.

The strontium which takes part in the forming of tunellite is either given off by hydrolization
of pyroclastic material or came with the volcanic exhalations and was enriched in the pores of
argillaceous rocks. The second alternative seems to be more probable because funellite is almost al-
ways encountered near the fault zones of argillaceous rocks where volcanic exhalations came to the
surface. On the other hand the strontium that is given off by hydrolization of pyroclastic material
must also be considered. Because it is known that pyroclastic material mixed into the lake waters
by volcanic activities is rich in volcanic glass dust, has fine grain size and its glassy structure
is thermodynamically unstable. These factors combined with the basic character of the media
(pH>8.5) causes the pyroclastic material to become highly hydrolized and dissolved. Chemical
analyses have also shown that argillaceous rocks contain trace amounts of SrO (see Baysal, 1972).
As a conclusion it can be said that the necessary strontium for funellite came with volcanic exhala-
tions and was in part supplied by the hydrolized pyroclastic material.

Manuscript received May 27, 1972
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