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Rynersonite, Ca(Ta,Nb),0,, a new mineral from San Diego County, California
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Abstract

Rynersonite, @ new species isostructural with synthetic CaTa,0,, is found in the Himalaya
pegmatite-aplite dike system, Mesa Grande district, San Diego County, California. It occurs
as creamy-white to reddish-pink feited masses of fibrous to lath-like crystals. Individual laths
average less than 0.5 mm in length and 0.05 mm in thickness. Electron diffraction patterns
show that the laths are clongated along a and flattened on (810). Hardness is about 4.5; luster
carthy; streak white; fracture uneven. Rynersonite is biaxial positive with moderate 2V:
indices of refraction are greater than 2.05: birefringenceisabout 0.14; X = ¢, Y = b, Z = a;
with X = ¥ = straw-yellow, Z = light straw-yellow.

Reddish-pink rynersonite is orthorhombic, space group Pnmb, with a = 7.505(1), b =
11.063(2), ¢ = S.370(1)A, Z = 4, Geale = 6.394; for the composition Ca(Ta,.3/Nbo17)0s,
Gmeas = 6.402 , The six strongest lines of the X-ray pattern (d, in A; intensity; hk/) are 3,038
100 031, 4.835 9/ 011, 2.964 9/ 211, 3.754 71 200, 2.683 50 002, and 2.359 50 231, Heating in
air for 20 hours at 550°, 800°, and 1050°C produces ro irreversible changes in celt dimensions
or structure,

Electron microprobe analyses indicate a range of composition from Ca(Ty.«Nbo )04 to
Ca(Ta, 2, Nbo.52)0s. Rynersonite formed as an alteration product of stibiocolumbite-stibio-
tantalite crystals and is intimately associated with minor amounts of antimonian microlite and
fersmite, Ca(Nb,Ta),0,. Although rynersonite and fersmite are both orthchombic 48,0,
compounds, they differ structurally. The new mineral has space group Prmb: fersmite, Pcan,

The mineral is named for Eugene B. and Buel F. Rynerson, and their late father, Fred I
Rynerson, in recognition of their lifelong interest in mining the gem-bearing pegmatites in
Mesa Grande, California,

Introduction

During an investigation of the mineralogy and pe-
trology of the Himalaya pegmatite-aplite dike system
{Foord, 1976, 1977), located in the Mesa Grande
district, San Diego County, California (33° 12'42" N,
116° 47'56" W ), several well-crystallized specimens
of stibiocolumbite-stibiotantalite, for which the dike
system is world-famous (Penfield and Ford, 1906),
were given by Eugene B. Rynerson, the owner of the
San Diego Tourmaline mine, to Foord for study pur-
poses. On these specimens, as well as on an unusual
specimen of stibiotantalite from the San Diego mine
properly, was found a creamy-white to pale-pink fi-
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brous mineral. The unusual stibiotantalite (specimen
SD-W) earlier had been sent by its owner, William C.
Woynar of San Diego, California, to Dr. George
Switzer of the Smithsonian Institution, Washington,
D. C., for identification, and was subsequently re-
ferred by him to one of us (MEM). The X-ray pow-
der diffraction data did not match that of any known
mineral; its powder data showed, however, that the
mineral is isostructural with CaTa,0s, a compound
that had been synthesized by Jahnberg er al. (1959)
and later characterized structurally by Jahnberg
(1963).

The name rynersonite (pronounced ri-nur-sun-ite)
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is proposed for this new mineral, having composition
Ca(Ta,Nb),0, with Ta greater than Nb, to honor the
more than 70 years of mining activity by the late Fred
J. Rynerson (1882-1960) and his two sons. Eugene B.
and Buel F., in the Himalaya pegmatite-aplite dike
system us well us in other gem-bearing pegmatites
within San Diego County, and in recognition of their
lifelong interest in gem-bearing pegmatites. The de-
scription and name were approved in advance of
publication by the Commission on New Minerals and
Mineral Names, IMA.

Several grams of type-specimen material (NMNH
135832, 135833) have been deposited in the Smithso-
nian Institution, Washington, D. C. Additional speci-
mens are in the collections of Eugene B. Rynerson,
Josephine Scripps, and William Woynar, private col-
lectors in California, The senior author alse has re-
tained smail amounts of type material.

Occurrence and paragenesis

Rynersonite occurs in felied aggregates, often in-
timately associated with fersmite, Ca(Nb,Ta),0,, as
primary alteration products of stibiocolumbite
stibiotantalite within the gem-bearing portion of the
Himalaya pegmatite-aplite dike coraplex. Aggregates
of rynersonite are as much as several centimeters in
maximum dimension. Other minerals found with ry-
nersonite are pink tourmaline, quartz, albite (var.
cleavelandite), cassiterite, Sn- and Sb-bearing micro-
lite, and beyerite, (Ca,Pb)Bi,(CO,4),0.

Two specimens (SD-W and SD-14) provided most
of the material upon which the data were obtained.
SD-W is an unusually large sample several centime-
ters in length, from the San Diego Mine property,
consisting of two closely-fitting parts. The core of
both portions is transparent yellow stibiotantalite
that has the composition Sb(Tig,esNb,s3)O4; altera-
tion products on the outer margins consist chiefly of
pinkish-creamy-white fibrous rynersonite and a thin
discontinuous rind of golden-yellow fersmite and
antimonian microlite (Fig. 1). The fersmite appears
to be parageneticaily later than the rynersonite. The
other specimen (SD-14), a primary stibiotantalite
crystal, shows strong compositional zoning, A thin
rind of rynersonite occurs immediately adjacent 1o
the stibiotantalite. The rynersonite is itself sharply
zoned outward to rraterial with average composition
Ca(Nb,, (4 Tay.44)04 (= fersmite).

In both specimens (SD-W and SD-14), Tynerso-
nite and fersmite are alteration products of stibio-
tantalite, and are always accompanied by minor
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Fig. 1. (a) Polished half of a portion of specimen SD-W., (b)
Schematic  diagram  showing the central core of primary
stibiotantalite (s) rimmed by rynersanite (r). which in turn has a
discontinuous outermost rind of fersmite (1) and antimonian
microlite (m).

amounts of antimonian microlite. The fersmite on
both specimens formed later than the rynersonite,

Physical and optical properties

Rynersonite occurs as felted masses of fibrous crys-
tals which may be as much as several centimeters in
maximum dimensions. Scanning electron microscopy
(Fig. 2) shows that these aggregates consist of flat-
tened laths usually less than 0.5 mm in length, having
an uverage thickness less than 0,05 mm. The mincral
ranges in color from pale creamy-white to reddish-
pink; fresh material is transparent. The streak and
powder are white. Agpregates have a dull carthy
luster. Hacdness (Mohs) is about 4.5. It has an un-
even fracture and no observable cleavape. The spe-
cific gravity of relatively homogencous reddish-pink
material with composition Ca(Ta, 2Nby.)Og from
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Fig. 2. Scanning electron photomicrograph of felted aggeegates
ke, prismatic erysials of rynersonite (10,000X).

specimen  SD-W, determined with a micropyc-
nometer using carbon tetrachloride as the immersion
liquid, is 6.402; that calculated from the X-ray data
for this same material is 6.394 (sce Table 1). The
mineral generally does not fluoresce under short-
wave or long-wave ultraviolet radiation. Some ry-
nersonite, however, is weakly fluorescent (pale yel-
low-green) under short-wave UV light and cathode
luminescent (pale bluc); this may be due to the pres-
ence of intimately admixed fersmite, which consis-
tently shows pale yellow-green fluorescence (strong
under short-wave UV light and weak under long-
wave UV light) and light-blue cathode luminescence
on specimens from this locality. Rynersonite is in-
soluble in both hot and cold mincral acids.

In transmitted light the fresh mineral is transparent
and pale creamy-white to reddish-pink. In thin sec-
tion it is pleochroic, ranging from light yellow 10
medium yellow-green, Precise optical determinations
were not possible on this material because of its fi-
brous nature as well as its incipient alteration. Ry-
nersonite is optically positive with moderate 2 and
no observable dispersion. Indices of refraction are all
greater than 2.05; birefringence is about 0.14. Crys-
tals of rynersonite show parallel extinction and are
always length-slow. Precession X-ray photographs,
as well as an electron diffraction pattern, show that
the laths of rynersonite are elongated parallel to the a

axis and flattened on b. Optical and crystallographic
directions are X = ¢, ¥ = b, and Z = a. The pleo-
chroic scheme was determined to be X = Y = straw-
yellow, and Z = light straw-yellow. Twinning was
not observed.

Crystallography

Single-crystal X-ray data

Precession photographs were obtained for a red-
dish-pink fragment of rynersonite (SD-W) using Zr-
filtered Mo radiation (\MoKa« = 0.71069A). The dif-
fraction data confirm the space group symmetry
Pnma, reported for synthetic CaTa, 0, by Jahnberg
(1963), for the orientation ¢ < b < a. Preliminary cell
parameters of rynersonite, obtained from measure-
ment of precession photographs, were refined by a
least-squares analysis of the powder diffraction data
using the computer program of Appleman and Evans
(1973). The refined cell data (for ¢ < a < b) are
compared in Table 1 with those reported for synthetic
CaTa, 0, The slight decrease in the cell parameters
and cell volume in rynersonite reflects the iso-
morphous substitution of the smaller Nb atoms for
larger Ta atoms.

Table 1. Cr data for r SD-WV

This study Jannbesg (1963
(Californta) (synchettc)

Crystal System Orthorhorbic Orthorhoch tc
am 7.505(m*

b 11,063(2)

7,508
11,068
e 5.370(1) 5.378
0.678:1:0.484

Prob

0,67811:0.486
Prrb
446,73

atbic
Space group

vol. (A% 445.86

¥ol. we. 429,30 497,98

Cell content 4lCalTay 5 Moo 1000 4lcaTa,0,]
6,402 2.0

7003

G (oeas.)

3,

G (calc., R e ") 6.394

Cator reddtsh plnk grayish white

*original coll data @id space group reoriented by the preaent
authors to eonform to ¢ < a .
Yiuera in parentheoas are essimatad standard crrors and
rofer to the leat docirmal placa.

”A’ﬁ;m"wd with micropyenonatar, wing CCly as the irmargion
liquid.

*cateulatad by the prosent authors,
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Morphology

No single erystals of rynersonite were found on the
numerous specimens examined, An electron diffrac-
tion pattern of a rynersonile lath, however, cstab-
lished its crystallographic orientation. A pattern nor-
mal to the flat surface of an isolated lath showed a
well-defined #0/ net, indicating that the individual
laths are clongated in the a direction and flattened on
(010). Precession photographs also confirmed the di-
rection of elongation.

X-ray powder diffraction data

Powder patterns of reddish-pink rynersonite from
the San Diego Mine, Mesa Grande district, San
Dicgo County, California, and of its synthetic end-
member equivalent (Jahnberg, 1963) are nearly iden-
tical; their X-ray powder diffraction data, indexed in
space group Pmnb so that the cell parameters con-
form to the convention ¢ < a < b, are compared in
Table 2" The X-ray powder pattern of rynersonite
was taken with a ball mount so as to minimize effects

! To obtain a copy of this table, order Document AM-78-072
from the MSA Business Office, 1909 K Streer, NW, Washington,
DC 20006. Please remit $1.00 in advance for the microfiche.
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from preferred orientation. which was not detected.
Powder patterns taken of fragments of Fynersonite
after heating in air for 20 hours at 550°, §00°, and
1050°C showed no changes in cell dimensions or in
structure when compared to those of the unheated
material.

Chemistry

Analyses of rynersonite and its associated miner-
als, stibiotantalite and fersmite, were made using an
ARL-EMX-SM microprobe analyzer at an ation
potential of 15 kV. sample current of 0.05 micro-
amps, and 3pm beam diameter, with 10-second
counts on both samples and standards, A pure fluor-
apatite from Wilberforce, Ontario, Canada, was the
standard for Ca, quartz was used for Si, and pure
elements standardized all other constituents, Correce
tions for instrumental and matrix effects were made
using the Magic IV computer program of J. W. Colby
of the Bell Telephone Company.

Table 3 gives microprobe analyses of rynersonite
from the large crystal of stibiotantalite (SD-W), sc-
lected because of color and/or textural variations
within the specimen. Qualitative scans of sefected

Table 3, Electron microprobe analyses of rynersonite (specimen SD-W) fram the Mesa Grande district, San Diega County, California
(analyst: E, E. Foord)

Specimen Sp-W
(cream-colored)

Specimen SD-w
(reddish pink)

Specimen SD-W
(pale pink)

Oxides We.x Cations

per 6(0)*

Totals
Nb/ (Nb+Ta)

Structural

Cay.114Tay 44y 5,20
formula

Density

21,163y N0 620,

We.z Catlons

per 6(0)*

Catlons
per 6(0)*

22.7

96.9

0.39
€2y 05 (Ta) 51800 7700,

6.39 g en™?

*Oxides recalculated to 100 pricr to determination of che cation ratios
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Table 4. Flectron microprobe analyses of stibiotantalite from the Mesa Grande district, San Diego County. Califoraia (analyst: E. E.
Foord)

Specimen S8-14
(core)

Speciren SD-14
(zim)

Oxldes

Specimen SD-W

Speciren SD-W

Specimen SD-H
(area 3)

(area 1) (area 2)

Cactons,
per 4(0)

We. I Catlons, WL 1

per 4(0)

Total
Wb/ (b+Ta) 0.33

Structural

Sbl.DZ
formula

(Ta )

'0.66°00. 33
4 %

(T35 550,43

We. x

cattons, We. %

Catlons,
per 4(0)

Cations, We. 4
per 4(0)

per 4(0)

SbO.?E

(Tag 65%0.37) (T, 55" 45

g, o,

Sbo.g9

A0xides racaleulated to 100 prior to determination of the

cation ratios.

fragments of rynersonite made with the energy-dis-
persive X-ray detector in the scanning electron micro-
scope showed only major Ca, Ta, and Nb. The analy-
ses in Table 3 indicate an compositional range from
Ta:Nb = 0.74:0.26 to Ta:Nb = 0.61:0.39, and corre-
spond to the formula Ca(Ta,Nb),0,. The ideal for-
mula for rynersonite is CaTa,Oy however, material
with end-member composition was not found.

Micreprobe examination of the primary stibio-
tantalite crystal (SD-14) showed it to be composi-
tionally zoned: for the core, Sb(Tay s Nbyw)O4 for
the rim, Sb(Tas.esNbs23)0,. Complete microprobe
analyses of the core and rim portions of this stibio-
tantalite crystal (SD-14), as well as for three selected
areas on stibiotantalite from specimen SD-W, are
shown in Table 4,

Four microprobe analyses of fersmite were also
made in the present study. The first two are for fer-
smile from the Mesa Grande districl; the third is an
average of two analyses of fersmite from the Huron
Claim pegmatite in the Greer Lake district, Mani-
toba, Canada, described without analytical data by
Cerny and Turnock (1971). The fourth is for fersmite
from the Foote mine, near Kings Mountain, North

Carolina (NMNH 128083), reported by White
(1975). The analyses (Table 5) show that these fer-
smites are more tantalum-rich than those reported in
the literature.

Although rynersonite and fersmite have the same
chemical formula type, AB:0,, and belong to the
arthorhombic crystal system, they differ structurally;
rynersonite, space group Pmnb, has the aeschynite-
type structure; fersmite, space group Pcan, the col-
umbsite-type structure (Cummings and Simonsen,
1970). Unfortunately, detailed phase-relation studies
in the system CaTa,0s-CaNb.Oe, particularly for
phases of intermediate composition, are lacking.
Hence it is not known whether a solid-sclution series
between rynersonite and fersmite exists, nor where
and under what conditions the symmetry change be-
tween the two minerals takes place.

Recently, a new mineral with empirical formula,
(Cag.pCels Fedty)(NbossTa00 Tiosa)Oe. the Nb-dom-
inant analogue of rynersonile, was found in an al-
bitic rock, presumably ¢f pegmatitic origin, near
Oresco in the Valle Vigezzo, Novara province, north-
ern Italy. Associated minerals include pyrochlore,
columbite, fersmite (first occurrence in Europe), beryl,
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Table 5. Comparisoi of electron microprobe analyscs of fersmite (analyst: E. E. Foord)

*
Specimen SD-14

-
Specimen SD-W

Spectmen GL-10™" Specimen NMNI

12808342

Cations
per 6(0)

We. % We. 2

Total

Nb/(Nb+Ta) 0.53

a1 314
Structural

formula ) 4972, 267 ) 0273, 97)

% %

B —

Cations,
per 6(0}

Catlons
per 6(0)

We. % Cations we. 2

7
per 6(0)

[

0.87

€3y 05 3y g4

W, 55Tag ,5) (% 7439, 26)

o, [

6 6

_—

* Himalaya dike, Mesa Grande district, San Diego County, California.
** Huron Claim pegmatite, Greer Lake district, Manitcba, Caneda.

*“* Foote mine, Xings Hountain, North Carolina.

# Oxides recalculated to 100 prior to determination of the cation ratios.

bavenite, and bertrandite (S. Graeser, private com-
munication, 1977).

Acknowledgments

We are greatly indebted 10 2 number of colleapues at the U, S,
Geological Survey for their assistance during this study: Edward J.
Dwornik, for providing a qualitative energy-dispersive analysis
and ing electron fcrographs: Judith Konnert, for a
least-squares analysis of the powder difftaction data; and Gordon
L. Nord, for clectran diffraction patterns and data. Bernard
H. W. S. DeJong, Mark P, Taylor, and Keith D. Keefer provided
many stimulating discussions on 48:Ostype compounds. The use
of the facilities of the Department of Geology at Stanford Univer-
sity is gratefully acknowledged. Without the kind assistance of
E. B. Ryncrson, meaningful study of the Himalaya dike would
have been difficult. Samples were provided by E. B. Rynerson and
W. C, Woynar. Stefan Graeser kindly permitted citation of the
discovery of the Nb-analogue of rynersonite.

References

Appleman, D. E, and H. T. Evans, Jr. (1973) Job 9214: Indexing
and least-squares refinement of powder diffraction data. Narl,

Tech. Inf. Serv., U. S. Dep. Commerce, Springfield, Virginia,
Documen: PB-216 188.

Cerny, P. and A. C, Turnock (1971) Niobium-tantalum minerals
from granitic ites at Greer Lake, Manitoba.
Can. Mineral., 10. 755-772,

Cummings, J. P. and S. H. Simonse-, (1970) The crystal structure
of calcium niobate iCaNb,0,). A, Mineral., 55, 90-97.

Foord, E. E. (1976) Mineralogy and petrogenesis of layered pegma.
tite-aplite dikes in the Mesa Grande district, San Diego County,
California. Ph.D. Thesis, Stanford University, Stanford, Calif,

(1977) Famous mineral localities: the Himalaya dike sys.
tem, Mesa Grande district, San Dicgo County, California, Afin.
eral. Rec., 8, 461-474,

Jahnberg. L. (1963) Crystal structure of orthorhombic CaTa,0,,
Acta Chem. Scand., 17, 2548-2559.

. 8. Andersson and A. Magneli (1959) Polymorphism in
tantalum(V) oxide CaTa,0,. dcta Chom. Scand., 13, 1248~1249.

Penfield, S. L. and W. E. Ford {1906) On stibiotantalite. Am. J.
Sei., 22, 61-77.

White, J. 8., Jr. (1975) Fersmite from North Carolina (with micro-
probe analysis by J. Nelen). Mineral. Rec., 6. 276-277.

Manucript received, September 12, 1977 accepted
Sor publication, January 18, 1978.




The following material did not appear in the origina

! publication.




‘POAzSSqO 30U = -- ‘YPOM fiTxon = mA IqeEM = M
‘o1pIapout =wr ‘fuoz3ys = s ‘BUOIIS BIoA = gp ISBIITISUBIUL  * (£96T) Braquuyep jo ssnrea cwﬁ.m TeUTSTIO Y3 WOIF sIoyane jussaxd ay3 fq
pa3rINITRO (s5qo)p I0Fy sanreA .aoam ' ¥ 6T62°9 = ®) IOX prepueys reurajur ‘UOTIPIPEI NSEU PIZTRPUOTYOOUNM {eTawes xapmod ISTUTND¢x
L F0 103981 © Aq reyjo Yo¥S 03 psrerss sexnsodxd SUTT
-ds1s sarsseoons gyo drIzsuriy wmumunmN.mo 2 y3TM UOSTIEAUWOD 3099ITp Aq ATTenSTA PajewTiss ssr37susiur .ﬂmm.vd o0°9 "xoxdde :@Z 107
BIqeINSPAU FTUTT Tsmoq c3unow d18yds {“gey prepuezs reurazuUT ‘(g 8TPS T = DAADY) UOTIPIPEI np pozoaTrf-TN fum 6S°bTT ToysweIp BISUPIx«
AT 9Tqel oas) quug dnoib aoeds o3 wIoyuod O3 PSIUSTIOSIT (rggr) Braquyer JO SIoswered Tr30 9y3 sursn
‘sroy3ne Jusssxd syz Hq (OT22)P PUR (£96T) bisquyep wOIF SSOIPUT ‘jusTEAINDS IIqUSW-PUS 2T3ISyquAis s3T I10F !(£L6T) sueay pup wewsiddy
Fo werbord ze3anducd TeITSIP @yz Sursn ‘e3aep z8psod Aez-yx Jo srshireue saIBnbs 3sear oy wory (ITEO)P PUR sooTpur /o3TUOSISUAT

04 'PaATSSqo ssoy3 107 ATUO POISIT ‘¥ 00z:T< PUE § 666°T> ‘S,p pogernaled ‘§ 000°7< p 1oy pogsiy S, (14 pareIRoTED Brqrssod T[Tk

[45Aks T12°T T12°T 119 66L°T 6L*T 9RL°T 152
vz T 2Tt 2ee'T €Ey L98°T 0%8°T w8 T 090
TECTT - - 280 18T 98°'T 00Y
25¢°T 1621 152°T 009 5Z6°T 126°T 0
862 1 982°T 96T »1¢ -— - 16T

€92°T - - 244 620°2 1€0°2 [244
982°1 [£:190 ¥82°T €90 ) §70°¢ 990°C TS0
887°1 —_— _— 1Y - £50°T e
6621 862°T 86¢°1 082 $80°C $80°Z [491
9TE T STE"T <TE T 09y - 860°2 Tzg

8€1°¢ [42 4 e

9ee"1 910 - TLT°2 €0
- ot 8LT'2 [1:] 4 414

. %00 -- 2222 TI¢
et (A2 §2z°¢ 972°T (1124

. 5%
s8eTT 080 89z°2 897°2 TOE
80%°T 1z 6L2°2 0ze
[14A8 % ey 662°C 21
SEv°T 118 posp 1
E8y°1 344 65672 7962 1€z

9051 £%0 - IS U4 270
816'T TL0 85y°¢ 65Y°¢ 50
£2¢°1 290 - Sz T
925" T 7y — 65z ovt
ovs'T 2oy 009°2 609°C 710

. £ee €89°¢ 689°¢ 200
e oY - 889°Z a4
- 192 1902 99/ 00
S86°'T 1333 - 818°¢ €T
8651 €Yy ¥96°¢T v96°C 1Tz

y19°1 3] 8€0°€ 050°€ 1€0
59°1 092 el e s
689°T T2 - Bonet 171
L0071 £20 Pl €cro€ 002
ot T 250 958 '€ £58°€ 120

8TL°T we 290"y 11
IS730 443 L9g°Y Tor

- 190 £chy ozt
T6L°T Y Teg°y 110
TLLT £10 16c°¢C 020

a7e3 sqo o182

% % @ oy @ e IS 2 Dt S U

(£96T) 8a2quuep 4&pnis syyp (£961) Siaquyer £pn1s syp
JoCe1en oT30Y3uLg %% (aneryen ‘33TUOSIBUAY 99 e1eq o71943uds 97 (ax‘e1)ed *@317u0sIBUALY
*xx #x wxy ”

JusaTeaynba zoquau-pus JI3134Jufs S3IT PUE 32TUOSIDUL1 70




End of supplemental malerial,




