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The metamict character shown by much of the
allanite in the Pikes Peak granite is probably entirely
unrelated to the bastnaesite alteration, which may be
assumed to have been completed at a time when the
allanite was entirely crystalline. Supergene alteration,
on the other hand, would be accelerated by metamict-
ization through radiochemical effects and by the phys-
ical disruption of the allanite and the enclosing rock.
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TUNELLITE, A NEW HYDROUS STRONTIUM BORATE FROM THE KRAMER BORATE DISTRICT, CALIFORNIA

By Ricuarp C. Erp, VINCENT Moreaxn, and Joax R. CLARE,
Menlo Park, Calif.; U. S. Borax & Chemical Corporation, Boron, Calif.; and Washington, D. C.

Tunellite was first noted by Erd in some samples
collected in 1957 from a ventilating shaft in the Jenifer
mine, Kramer borate district, California, by Daniel M.
Cooper of the U. S. Borax & Chemical Corporation.
Initial mineralogical determinations showed that the
optical properties of tunellite nearly matched those
of hydroboracite, MgO+CaO*3B.0;*6H.O, but its
X-ray powder pattern could not be identified. Later
Morgan analyzed material collected from the newly
opened pit of the company and established the composi-
tion of tunellite, SrO*3B.0;*4H,0. In 1959 the min-
eral was discovered in the Furnace Creek borate area,
Death Valley region, California, by James F. McAllis-
ter, U.S. Geological Survey, who kindly supplied mate-
rial for comparison. Goniometric and X-ray crystal-
lographic studies by Clark corroborated the chemical
analysis and confirmed tunellite as a new species
isostructural with nobleite (tables 255.1 and 255.2).

The name tunellite (pronounced tiin nél’ it) is in
honor of Dr. George Tunell, Professor of Geology,
University of California, Los Angeles.

The geology of the Kramer borate district has been
described by Schaller (1930) and Gale (1946); more

recent data are given by Smith (1960). In the western
part of the deposit, where the initial open pit Was
excavated, a prominent fault has displaced the borate
beds. Near this fault there is an angular discordance
between the sodium borate ore and overlying borate-
bearing mudstone beds; this discordance may have been
the result of subsurface solution (Smith, 1960, p. 113)-
A 6-foot zone above the sodium borate-mudstone o

TasLE 255.1.—Crystallographic data for tunellite, Sr0-3BzO=‘4H’O
1 ‘2
S Group
maomr | ERE

@ 1436005 A | 13.75A
R 8.19;:£0.02 S‘ég’
€ et m e 9.93,+0.02 -9o0
atbie T T1T. 1.752:1:1.211 | 1.677:1:1.21
B 113°55’ + 10’ 107°23
Cell volume_________________._________.. 1068 A
Cell contents._____ __ ... __________._ .- 4{Sr0-3339f4ﬁ‘m
Density (caleulated) . __________________.- 2.3%gem ol
Specific gravity (measured, D2,)__________. 12,400

* Transformation, P2)/s to P2i/n: Tol .

2 D?tgsng::;d \g}ng tf:ﬁzsink-ﬂ‘o/gt E?eﬁlfé‘?v‘nn a mixtuare of bromofors and e

tetrachloride.
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9. —Comparison of crystallographic, optical, and physical
TaBLE 255 df,’,a for tunellite and nobleite

Tunellite Nobleite !
Cell contents. - .. ___- 4[Sr0-3B:0,-4H,0] 4[CaO-3B_203-4H20]
(rystal system. . ____ Monoclinie Monoclinic
/ Space groUP. . - - - -- F2i/a P2,/a
P, 14.36 £0.05A 14.56 £ 0.05A
Ve em 8.19;4£0.02 8.01,-+0.02
oo e e e 9.93,+0.02 9.83;+0.02
g I 113°55’ + 10’ 111°45’ + 10’
Cell volume_._______ 1068 A3 1066 A3
Density (calculated). _| 2.39;gcm—3 2.09gcm—?
Specific gravity 2.40+0.01 2.09+0.01
(meas., Dy0) -
Indices of refraction,
sodium light:
Beeemmr e e~ 1.519-£0.003 1.50040.003
B e - 1.5341+0.002 1.5204-0.002
Y 1.5694+0.002 1.554 £0.002
2V {calculated).__.__ 68° 76°
Dispersion_ _________ r>v, weak r>v, weak
Optical orientation__ .| XAa=29° XAa=29°
Y=b Y=b
ZAc=—5° ZAe=—-T°
Cleavage . _____._._. {100} perfect {100} perfect
{001} distinct {001} indistinct
Hardness_ . _________ 284 3

! Data from Erd and others, 1961.

tact is disturbed and within this zone tunellite formed
8 a disseminated secondary mineral.

The first material found consisted of white compact
fine-grained nodules associated with lenses of inderite
tnd kurpakovite (the monoclinic and triclinic poly-
morphs of 2Mg0:3B,0,-15H,0; Schaller and Mrose,
1960) and nodular ulexite in a greenish to black mont-
morillonitic clay. Subsequently individual long pris-
matic [001] and flat tabular {100} crystals of tunellite
upto 1.5 em in length were found in the clay. As the
open pit was developed, Morgan discovered a large
Wuggy mass of hydroboracite lined with splendid equant
aystals of tunellite up to 1 cm in diameter. Figure
335.1 shows idealized prismatic and equant habits,
tommon forms, and optical orientation of the tunellite
taystals from the open pit. Other minerals associated
with tunellite in these occurrences are realgar, stibnite,
Several undescribed iron sulfides, adularia, and analeime.
~Most of the physical and optical properties of tunel-
lite are summarized in table 255.2. It is colorless,
transparent, nonfluorescent, and has a subvitreous
luster, except that the {100} and cleavage surfaces
Parallel to {100} are pearly. Thin crystals are flexible,
m’{lmic, and sectile. Faces of the form {0kl} are
Stiated parallel to [001], notably so in specimens from
the Furnace Creek area. Faces of {100} are relatively
Smooth, lustrous, and soft, whereas {110} and {001}
faces are rough, pitted, and hard. X-ray powder dif-
Iraction data for tunellite are given in table 255.3.

eterminations of SrQ and B,0; were made using
*parate 0.5-gram samples. The SrO sample was dis-
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solved in dilute HCI, neutralized with NH,OH, and
combined with sufficient dilute H,S0O, to precipitate
all of the strontium. An equal volume of methanol
was added, the solution was mixed, and was allowed to
stand overnight. The SrSO, precipitate was filtered
into a dried and tared Gooch crucible and weighed after
washing and drying. B,0; was determined by titration
with NaOH and manitol. Water was determined by
loss on ignition of l-gram samples. Redetermination
of B;0; on the residue proved that there was no loss
of B;O; due to volatilization during ignition, Calcium
was not detected. The results of the analysis are given
in table 255.4.

The synthetic Sr0.3B,0;4H,0 was prepared by
adding 3 g H,BO; in 50 ml of water to u solution of 10 ¢
recrystallized borax in 100 ml of water at 80° C,
Three-fourths of a gram of SrCO; was added and the
solution was stirred for one day. After six davs, when
most of the precipitate was found to be SrCQs, 10 g
more H,BO; in 50 ml of water was added. An ex-
tremely fine-grained precipitate of SrO-3B,0,-4H,0 had
formed after two days, and rhomb- and octagonal-
shaped plates 0.02 mm in diameter developed after
standing for one month at room temperature. (See
analysis, table 255.4.) We found no previous report
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Ficure 253.1.~Prismatic (4) and equant (B) habits and
optical orientation of tunellite crystals from the Kramer
borate district.
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TaBLE 255.3.—X-ray diffraction data for tunellite TaBLE 255.3—X-ray diffraction data for tunellite—Contingeg
Measured ! Calculated 2 Measured ! Calculated t
—“-\—
Mineral Mineral 3
Synthetic com- Indexing for space Synthetie com- Indexing for spay
pound ¢+ group P2,/a (table . . pound 4 group P2/g (table
Boron, Calif. Death Valley region, 255.1) Boron, Calif. Death Valley region, 255.1)
California California
I dani 1 dast 1 9%} dayy kid 1 drus I daxz 1 dant dan W
1 9.10 9.078 001 <1 1.985 <t 1.981 4 1.983
3 6.97 4 6.97 2¢ 6.97 6.954 110 2 1.949 4 1,948 7 1.948
4 6.79 7 6.78 11 6.79 6.783 201 1 1.936 2 1.931 6 1.931
100 .58 100 6.57 100 6.57 6. 564 200 1 1.904 2 1,903 6 1.896
2 6.22 3 6.21 15 6.21 6. 200 i <1 1.885 | .. 4 1.885
6.084 011 1 1.858
1 5.231 2 5.215 2 5.231 5.22 1 <1 1.822 <1 1.819 3 1.821
6 5,138 8 5138 32 5.135 5124 210 1 1.805 4 1.804
5.024 m 2 1.789
1 4,750 1 4.745 11 4.750 4.733 202 1 1772
6 4.531 11 4. 525 18 4.529 4.539 002 <1 L765 .\ . 1 1.761
4.520 201 <1 1.748 1 1.744 3 1.745
1.240 112 <1 3 3 01 25 PSRN SRR 2 1.7
4.123 i
1. 102 212 <€—plus additional lines
<1 an2 | 3 4.112 4.099 020
<1 3.972 <1 3.969 3 3.969 3.971 giz all with I<1 all with I<2 all with I<3
3.958 1
1 3.924 1 3.914 8 3.922 3.913 120
7 3.872 9 3. 867 21 3. 867 3.860 310 ! X-ray diffractometer data; Cu/Ni radiation, A CuKa=1.5418 A. Aluminum il
3.762 i2l der used as internal standard. Scanned at 14° per minute from 8°-55°28; at 1° per
<1 3.741 <1 3.743 8 3.743 3.736 021 minute from 55°-101°24. -
3.656 312 2 All caleulated spacings listed for dan>2.500 A. Indexing assigned on basis of
4 3. 597 8 3.592 9 3. 596 3. 586 401 comparison with single-crystal precession photographs. Computation of the ¢-
1 3. 513 1 3.513 17 3. 517 3. 508 21 spacings by Daniel L. Appleman.
2 3.4 2 3. 484 1% 3.484 { 3.477 220 3 Diffractometer charts X-1935 (Boron, Calif.) and X-1934 (Death Valley region,
- 486 ' . 3.475 112 California) of the mineral show strong preferred orientation effeets.
3.445 121 4 Synthetic material prepared by R. C. Erd; analyzed by V. Morgan. Diffractom-
1 3.399 1 3.399 3 3.399 3.391 402 eter chart X-1929.
3,304 203
’ 5,258 3.285 I(lxl)
2 3.200 5 3.286 . 3.282 4 _ ; ;
2 32 3 5.u8 H e 5 o] TarLe 255.4.—Chemical analyses of tunellite
4 3.163 3.168 m
g‘ ig’z {g Weight Molecular Ratios Calculriatfd
- 4
<1 3.110 <1 .13 } 9 3,106 { 3.109 3 percent proportions com;}g:ton
<1 3.100 <t 3.09 - 3. 100 by Sr0-3B,054H,0
Loy us Min- | Syn- | Min- | Syn- | Min- | Syn- | (percent)
4 3.052 7 3.045 19 3. (46 { 3 042 022 eralZ |thetic?| eral theti eral | thetie
3.036 21
2 3.028 5 3.028 18 3.025 3.02% 003 27.71| 27.02 | 0.2672 | 0.2607 | 1.023 | 0.988 Py
3.02 3 53.70 | 5288 | .7711 | .7593 | 2.951 | 2877 53
1 3.001 2 2.993 10 2.996 %gg; g‘-l’g 18.71 | 20.04 { 1.0385 | 1.1123 | 3.074 | 4214 i
1 2.955 1 2.054 7 2.952 2048 313 Total. .| 100, 0004 | ool 100,00
1 2,898 1 2,898 9 2,898 2.503 32 ot 100.12
1 2.889 1 2.887 1 2,887 2,882 03
1 2. 841 1 2.840 11 2.840 2.839 013 1 Analyst, Vincent Morgan, U.S. Borax & Chemical Corporation. )
<1 2.805 fooeooeofoeee . 6 2,804 2.801 122 ? Material from U.8. Borax & Chemical Corporation open pit, Boron, Callf, Figure
1 2.755 3 2.751 3 g ;fé 3 ﬁg %?:}x for SrO includes approx. 0.3 percent BaO determined using X-ray spectrochemies
<1 2724 | 4 - : . analysis. :
. 21 ;
3 2700 4 2 606 8 2,607 { gg gll $ Material synthesized by R. C. Erd (Expt. 58-3).
. 130
al wes| s amf Il P _
2.633 #21 of 'this compound, although the compound
1 262 bl 13 2.619 { : gg}; @ 8r0:3B,0;-5H,0 was synthesized by Gode and Kesans
1 2609 [ oo 2.607 12 (1953, p. 36).
2 570 113 A A . . .
1 2. 568 1 2.565 7 asef{ ZN2| I3 Tunellite is soluble in cold dilute acid or strong
. gﬁ s %’ alkaline solutions, but is unaffected by treatment with
<1 25% | < 2. 5% 6 2.536 { i:% a1z glycerol or methanol; a coating of SrSO, impedes
5 : . . : :
6 asuf{  232| # further solution in H;SO,.
5 57 . o 2.505 |{ 1x) 9 The differential thermal analysis curve of the miners!
4 . - . . e ey
<1 24811 < 2,479 s 2,478 shows two endothermic troughs with initial tempers-
S| EmelTTRTUE s 3| 2o tures of 200° C and 405° C and trough temperatures of
<1 2008 e N 335 5 gﬁgiza(l) 255° C and 430° C. An exothermic peak with mlg:ai
: o Y I 2061 13 2 26 temperature of 625° C and peak temperature of 670°C
7,202 8 2 s “whi iseon-
4 2 : 3 100 5 ziol appeared near the end of the run which was dfscon
< SR Ty 2141 7 Z 14 tinued at 700° C to prevent fusion of the sample in the
2,122 2 T18| 1 2,120 block
1 2.106 1 2.101 E g(tg OCK. L .
- air - : b -
i S| 2 % 001 it 205t Heated in a closed tube tuqelhte exff)hates Pi’l'?f?"qr
1 2.032 2 2ol 1 dicular to the cleavage, turns silvery white (resembling

See footnotes at end of table.
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muscovite), then turns chalky white. Water driven
off has a pH of 4 and probably indicates some loss of
B0, due to rapid heating. On prolonged heating a
dear glass forms from which an anhydrous strontium
borate crystallizes. The melting point of tunellite
has not been determined.

In late 1960, large crystals (some nearly 4 em in
length) were found in the open pit by M. L. Speckels,
who kindly gave them to us for study. Some of these
erystals have a specific gravity of 2.46 and contain up to
15.0 percent BaO. The presence of barium in tunellite
suggests the possibility that BaO-3B,0,-4H,0, syn-
thesized by Gode and Kesans (1953, p. 36), may be
isostructural with tunellite but data for this compound
are not available. Tunellite is isostructural with no-
bleite (table 255.2) but the extent of any solid solution
isunknown. There is no simiple dehydration-hydration
relation between tunellite, veatchite (SrO-3B,0:-2H,0),
and the Sr0-3B,0;-5H,0 of Gode and Kesans. Tunel-
lite and veatchite have not been found as associated
minerals, although both have been found in the Kramer
area (Benda and others, 1960, p. 330).
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256.

HYDROZIRCON FROM THE WIND RIVER FORMATION, WYOMING

By R. G. Corexan and R. C. Ero, Menlo Park, Calif.

Work done partly in cooperation with the
U. S. Atomic Energy Commission

A high concentration of zirconium (1 to 5 weight
percent) was discovered in a uranium-bearing arkose
submitted for spectrographic analysis and uranium
assay (table 256.1). This sample was collected as part
of a geologic study of the Gas Hills uranium district
in Wyoming (Zeller, 1957) and represented the min-
eralized zone within a nonproductive uranium prospect
along the eastern border of the district (SW1/4SE1/4
SW1/4 sec. 15, T. 35 N.,, R. 89 W., Arminta SW
quadrangle, Natrona County, Wyoming).

Zirconijum-uranium mineralization is restricted to
an area of less than 300 square yards within a small
bench rising several feet above the nearly flat terrain
and eccurs below an iron gossan caprock within a
coarse-grained arkose of the Wind River formation
of early Eocene age. A series of samples was obtained
in vertical sequence from the face of the prospect pit

601530 0—61——20

TarLE 256.1.—Chemical and spectrographic analyses of hydro-
zircon-bearing arkose, Wind River formation, Wyoming

{Analysts: J. C. Hamilton (spectrographic); Lorraine M. Lee, E. J. Fennelly, 3. T.
Burrow (chemical))

ZW-120 ZW-121 40290A 5

Chemical analyses (weight percent)

U 0.18 0.11 0.25
AS 0.052 0.12 Not determined
Se 0.0005 <0.0005 Not determined

Semiquantitative spectrographic analyses (weight percent)

10 51 81 8

510 Al AlK Al Na

1-5 K NaZr Na Fe Zr ZrFe K

0.5-1.0 Fe e CaP

0.1-0.5 Ca Mg As As

0.05-0.1 Ti As Ba Ca Mg Ba Ba Mg

0.01-0.03 Mn Mo 8¢ ™ B Ti Mn §r

0.005-0.01 SrCrY MnMoSrY FbLa NI Y

0.001-0.005 GaBV LaCu GaSeCrVEaPb | Ge CrMoCuGa
bYh Yb SeV

[1 X0t LR 1) R OO Cu Be Yb




