UNIVERSITY OF CALIFORNIA PUBLICATIONS
BULLETIN OF THE DEPARTMENT OF

GEOLOGY

Vol. 5, No. 8, pp. 148-153 ANDREW C. LAWSON, Editor

BENITOITE, A NEW CALIFORNIA GEM
MINERAL.

E3Y

GEORGE DAVIS LOUVDERBACK,

WITH CHEMICAL ANALYRI: BY

WALTER . BLASDALE.



UNIVERSITY OF CALIFORNIA PUBLICATIONS

BULLETIN OF THE DEPARTMENT OF
GEOLOGY

Vol. 5§, No. 23, pp. 331-380, Pls. 27-39 ANDREW C. LAWSON, Editer

BENITOITE, ITS PARAGENESIS AND
MODE OF OCCURRENCE.

BY
GEORGE DAVIS LOTDERBACK.

WITH (CHEMICAL ANALYSES By
WALTER . BLASDALE.

FAGE

TOT OO, i i i S i W e e e i R )
The Locality . B — OO - .
Gieneral Ueniul,l{"ti Eltrmum‘]ingn L A e S D : 334
Oeeurrenee ... e R R s e R
Effects of Earth Mmemﬂm nnﬁ l*rr-'mnru i ot e A e e b
Hize and Attitnde of Outerop o U .
General BEelations of Minerals in "i"nlils . 340
The Minerals of the I']-epuqu o ek e ke = .. £ |
Beniteite ... OO CORIE A R POt R cy gL AL £ T > SRR, . | |
ir_}'m!lugrﬂllh_} R ST e P e e el R S e U |
B e e e B4
Hym.“mtr_]r S, . 345

Natursl Hiehing ... ol R A - 1)
Phyeical Propertics e BT

L T BT T LT T T s N e ST | | |
Benitoite 85 0 GOIL ooy sesraiom emmesnm - 1% 1
Naptunite ... e 354
{"wﬂ.ful.lagruph}l SO e BN Rt S e D ey
Physical Chardeber® i e - BT

L T T R T 0T ] o S - |\ J

7 i o ] - GG o A S R - A VR e 35T
Copper Minerals ... e 0D
LT T Ty ) | U R SO SR PP SOPC T | . |
Amphiboles .. - { 11
BB o e e e e T




g2 University of Califoriwia Publications. [LETTNTES

PAGE
Aegyrine ... o] o Y S e e 261
Caleite and .ﬁ-mgumle . | T
Muanganese Dioxide .. . - 1]

Country in which the Vains Formed .. 24
Sequence of Hvents ... At e g S s o e ST
Distribution of Minerals in 'anss OO .
ltelation to the Serpontine ... S S R SR | ]
GeDeTR] THBCUBRIOIL e e i et imeimcc b it ik e r R e - T
T S U SV NS SN AP ORI PCTU ST APUETTRONRIRN | | |
Bupplommentary POk oo s AAREEEINR! e




VoL 5 PL 27

BULL. DEPT. GEOL. UMIV. CAL.

South Central Const Ranges, California,



henttoite loeall ¥ Al mine, August, 1808 B-A liidts of foslodlisd rock muass fn owhieh the gomne

il minerm Ention e e



Portion of vein split open to show drosy interior. Benitolte and

:'I-'|-r.|||ill- ervetals, and white natrolite velnstone ||.:|r1i.-|||_'.' woated with a

limonite film. A hoot ',.. natnrFil size.



‘{a-|-r|.|.:|.- s in mairalite drose,  The imner [Frir white nniroliie i= e ko]

of preenizh nniralite

from the swln amphibole wo



faee of open ¢ [ . August, 1H0S Bheeted zone

on right, discontinueus masses of veinstone on left




242

(RE]

Uwiversity of California Publicalions.

[ ROLGY

The elements according to the svstem of Goldschmidt, as
are=1:09344 (), are as Tollows:

e —=0.7344 | 1g ¢ = B.B6593 | Ig 2,=0.57263 | 1g po=D.68084 | ay— 25683 | po= 0,480 | G

or by selection of the olther set of axes,

o= LT | Ig o= 0.10449 | Ig som= 0,13407 | Ig po— 19,9263 | 0, — 13617 | pa—0.8480 | G,
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Crystal XNo, 3
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Measureld. Reflection.
# P
e e 40 18° exeel,
au° a4 407 14" poer
1180 56" 400 18 gl
hraken
407 40 |8 exeel,
i 54 400 18 fair
07 g a0 i gl
240 (1 bt Rt fair
Moasured. Keflection.
& ]
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LR [ 40° 19¢ Jrosr
1207 0 40 2 fair
80 0 40 a2 g‘m:lli
230° GE* 400 21" goudd
MoE o1 4ive 219° fuwir
0= 00" a0 0 fair
G0 047 ane o' fair
1905 05" [ibE fair
200 01 Q00 on' fair
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a {11Z1} &9° 59 3=
BiE 00 30" 4
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BENITOITE
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The forms observed at the San Benito locality are o 0017,
BIO10), a(100), m{110), £(111), «{T11), {(T12), g(211), »#{T21),
p(F11).

Measnred, Calenlated,
@ b L b
e 001) o 0 25" 35 0= MWy 25° 38
a( 100} 40 00 fh ont 00 i B0 00
mi{ 110} 40 06 Giy oo 4 07 B0 00
s(111} 55 14 54 36 55 10 54 43
o{T11} T4 08 i 55 i3 57 30 45
i(T12) 0 08 F I E ™ 05 23 08
21 | 27 il 25 TR AT 61 28
piE11) gz 25 0 20 B2 a0 4o o2

* Crystals set with prism sone ot p= 90 0" and angles ¢ referred to a
as B0e 0°

11 The eorreet and asnal prosnneiation of place names of Spanish origin
in California approximates the original Spaniah prononciation, In Benito
the mecent is on the penultimate syllable and the i has the sound of i in
muching,  In eonformity with this, the name of the mineral is properly
to be promeunced be-ni-to-dte.  Benito s a Spanish form of benedigtus,
hleagnd,

12 Flink, Zeit. fir Kreygst., 23 (1884), pp. 34-367; Nonlenskiold, (ol
Firven, Firk, 16 (1884), p. 336; Wallenstrim, ibid,, 27 {1905), p. 149;
Wiggild, Meddelelger om Grinland, 33 (1907), pp. 95-120,



Benitoite.—1 and 2. Gem in ordinary reflected light, natural size; I. in
transmitted light, extroordinary may; 4. in transmitted light,
ordinary ray. 5 Cryvstals in matrix, 45 nat.



Haptunite (Greenland)
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Matrix, Natrolite ealenlated,

8i0, 4700 47.40
ALD, 27.14 26,79
Na, 0 15.7 16.28
H.0 0.50 0.44

100.13 1k, 0
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over the remion that if eompletely developed would be oseupied
by the faces I* and P, where they form the salient angle, and
over part or all of the area of 1, | (110}, The re-endrant angle
betwern the bases is therefore uniformly presented towards the
observer and the bazal planes apee very decided]y the most Tustrons
faces on the ervsials. The faces o and p oare wvery largely
developed, being sometimes longer than M and M and the erystal
appears prismatic parallel o, o, p, .

These dominant faces are modified by the following: £ 130,
z {130}, y (120), ¢ (1T1), = (TO1), 8 (T12), ® (T31), u (T21).
The fori r shows an unnsual lack of prominence, oseurring as a
very narrow strip.  OF the others, v (221} is o rather uneommon
form for albite, and ¢ (171} and 5 (120} are very rare. The
former (o} is reported by Jeremejew™ from the Lake Baikal
region ; the Latter, (1200 by Klockmann from the Riesengebirge
granitie roeks.?™  As far as known to the wreiter @ (T31) has not
been previously reported as ocenvring on albite, The form ¢ s
very narrow but brighi; 5« and @ are generally progressively
broader in the order named, the last meontioned being sometimes
over Yo millimeter wide, The relations of these planes are shown
in figures 5 and Ha, plate 38, which were drawn from a ervstal
about § millimeters high,

The following measnrements were obtained, the ealenlations
being based on Brezina’s elements for pure albite

Momsnrmd, Crlenlatel.
@ P L [
Pioaly B1% G0 2G50 S0 k1% 51° L1
M{010) sk 1 o a0 i
110 G 27 E 0 60 23 LI
i) 119 54 sot g 52 LT
nl 120} 138 47 bV L] 138 42 oo
F1E0) S0 10 LT U] 23 9u Q)
={ 1%} 1449 47 Qo O 148 44 Wi
x(T01) B a0 23 08 A 54 23 48
e 111} s 28 aF A3 & 18 ar o2y
afT11) T35 26 0T 35 21 4 11
B(T12) 177 11 42 176 17 [ -
@iTEL)  Ta3 18 o 13 TH3 30 59 13
w(ZEl) T2F 30 i S T2 26 T

16 geit, (e Korgst, 3% (19000, on albite, pp, 484-485,

1T Fed, i, ddewtzehien geod, Gesell, 34 (18823, on albite, pp, 410-426, This
form is charselerized ey doubtfol by Dewn, Syatem of Mineralogy (1882),
o 328; and a8 ““pieht ganz gicher'” by Hintze in his Handbueh der
Mineralagie, 2 (1887), n. 1447,



Hilh, §4.31

ALD, 655
Fo(0* 1934
My 347
Chulh 5,00
Nl R
K.0 0,23
L ax 1007 .74
HO ign 1.32
Ti, 044
120, 0.30
Mni) .52

0BTy

Speeific pravity 3104,

* XNot able to effect complets deewmnposition of minernl for ferrons iron,
At least 12 per cont. is forrie.



Crystal constants of bendloite, The average angle {00017 5
(10717 is given by Homers as 407 107 Palache 407 12°; Hlawatseh
307 14, the vahue arrived atl by the writer on his carlier material ;
Louderback 40° 18 Baumhaner*® 407 19737057 These vielld
¢ a===0,T310 {for 407 10") ; 0.7319 {P.}; 0.7327 (1L.) ; 0.7 (LY
L7331 (13.). Palache apparently adopts the referenee axes (G)
and gives p,==4370 corresponding to p,—4896 (1.} Hlawaisch
selects (3,) and gives p=—846]1 corresponding to p=—=>2480 (1..].

In his table of Goldsehmidt elements (G Tlawatseh wives
p={1,7427 when, following Goldschmidt’s practice, it shonld be

=1 2600 Jo p=0), 10349, correspond g te the writer s e—=1 2720,



20 Pylache, . Note on Urystal Form of Benitoaite,  Am, Jowr, Sci. (3],
27 (1908), p. 208; alze German translation with alight and anessential
wilditions, Leit, fir Kryst, oo Mo, 40 (1908}, p. a9,

21 Hlawataeh, €. e Krystallform des Teniteit.  Ceatralbledt fiv
Min,, Geol. w. Pul, 1009, pp. 293-302 umd po 4106 Alse Zeil. fiir gt .
Min_, 46 (1909}, p. 802,

2 Loe. eit., pp. 300-300L

# Buumhaner, T TCeber die Winkelverhilinisse ddes Benitoir.  Ces-
tralblatt fir Mio., Geol. a, Pal, 1908, ppe 502584, Results of memsneements
on some very small erystals giving simple, gond refleetions,,

=4 The value given by Hlawatseh is, for (G), c I:n:ll: it is Goldselonily =

practice to use uniformiy o his "l.\'itl!'tl,'lf"i!]l'”(‘l‘l nr' amnd report it simply

as v, e=oyE The value L2708 for apatite given ln his Winkeltahellon is
(ay feul
therefors not a ©f Denekfebler, " as staied hy lawatseh (loe. oif, po 290)

andd shoulil appear as printed.
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Neptuwite W, M. Bradley has recently published the fol.
lowing analyses of the San Benito neptunite®® with values very
close to thise given by Rlasdale,

FRADLEY . BLAATALE
: 1 1T Mean  Maol, Katlos Aean  Mol. Katlos
=ik, 30 O] ALRT 875 Si.44 &20
Tity, 1T 17.88 17.82 ooz 108 215
Vel 11.54 P1.43 11,69 11.23
M) 82 ih.8% u.s:;] 235 178 | .
a0 159 1.58 1.a6 | .25 |
MO 1.41 1.48 144 | 1.82 J
KA} i1 06 RIS 530 %,
Nl T .25 956 } R 9,14 } i
EITER 1L T8 101,54 100,23

Alhite, A recent abstract in the Zeitschrift fir Krystallosra-
phic=" shows that Dieever and Goldsehmidt bave studisl some
remirkably forme-rich albites from Greenland, in which are found
among others certain of the rare forms and the supposedly new
form on the San Benito albite; w221 =—=u(221) (8.5 o130
= {1200 (8B Following Klockmarni) ; 9 TEL ) =a({T31) (8.8.],
Tt may be noted that the angles for the San Benito albite reported
by the writer agree more closely with the valoes calenlated by
Prevver and Goldselimiadt Crom their newly determined elements,
than they do with the angles ealenlated from the Breginag elemoents
aiven above (p. 362),

Al gl _ Calonlated
Han Benito Alldte (Elemonts of Dreyer & Goldeehuide)
# [ ¢ ]
FREITER ] 817 6 268% M) R1® 0 T
IHRRLIY i 27 I GU 35 B0
Ty 1186 54 M [0 04 B0
PIREOY 138 47 1 il L .t T
Ty 14 HLL a 24 00
{10} 148 47 a0 140 50 LTI
FIRION] o0 A0 LA A0 44 96
1Ty [ 2R a7 Ja 108 &4 TV
a{1T1) T35 246 34 07 Ta5 3 3t 14
T 177 i 11 42 177 14 11 30
IR ES Y 163 19 30 13 Ted 17 38 8

7 A Gierman translation of Foprd®s paper on neptunite cited above
pecurs in Zeit, fiir Kegst, a. Min., 46 (19090, pp. 381-325.

o fm. Jowr, Sci, (4), 2R (18003, pp. 1516, Alse OGorman transiation
of the snme, Zeit, fir Hregst, w, Min., 46 (1908), pp. 516-517.

= Cher Afbit von Grinlasd : Meddelolver am Granland, 34 (1007), 1-6i.
Wef, Zeit, fiir Kryst, w, Min., 46 (12085, p. G005,
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p measured from ¢ as pole Taee

o TET A o striated blavred refleeiion
g traim TESSRLTES 200 pe I03° 22 gupplom, 76 3%
[T RS 28 striated, hlnered bawd of light

ptoTee P8 10EE 22 smprpelem, T4T 487

eoas pole faee
b LT LS sy e, THY 45°
it 1047 317 to 407 supplem. T6° 20247
L™ 1 snpplem. 76 507
b R 1 anpplem, TOE 48T
FRN U T p?':ﬂ"" b i
pytrepes  TEHT Eﬁ'-ﬁs‘: BT

2 mensnred 949 527 947 47 957 017, T 4T
Averagse 7 517 or =477 25,
The pinacotd o was fod on this ervstal as o minnde rhomlns

trnneating the front and back solid anpgle of the fone g faees the
signal was very faind and conld not be set within 8 or T minudes,

P e
Measured RBY= a0 wie 42
Calendated IR B gy

Clesivage s not distinet bt appears to exist pavallel 1o the
basal plane and even less distindd perpendicnlar to it (possilily
parallel fo the two pinaeoids),  Whenever cleavage cracks appear
wnder the microseope, the extinetion s always straight with
vespect to thon.

The optieal orientation is 4= . b b, ¢ =, ¢ is the acute b
seetrix and in convergent light o seetions perpendienlar 1o 1he
avute Disectrix (hasal sectiond, the oplie ases ecmerge just at the
edgre of the field. '

The vefractive bulex s high (=173 and the donble refrae-
tiom strong,  The mineral bs teansparent and has g honey yellow
to hrownish vellow color in Eair sized fragments, very pale and
transparent in thin seetion.  In thicker pieces pleochroism s
visible, ¢ oepeons or reddish vellow, B light vellow, a similar to b
bl slighily paler. Absorption e>0=a Hardoess greater than
whass {5.5) 0 density determined on the largest ervstal, botween
385 amd B0 HMeated o closed tube it becomes paler colored,
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in either set.  The measnrements therefore indieate orthorhombie
symmetry.

The pyramid faces which in a mineral of so simple a habit
as is here shown would be expected to have rather simple indiees,
rive approximations to only very complicated titanite forms.
The nearest simple possible titanite forms are (221 ) and (344 ) with
o M(E21)=T0" 37", # A {E34)=T76" 37" the measurad value being
TE7 AT The eoineidence of the last figures is shown to have no
meaning, as ¢*-¢" referred to x as pole is 79° 15 in titanite,
#3749 measured. A closer approximation would be (354) and
(TT138),  As regards the form ealled a above, the nearest
approximation, with simple index, iz titanite (101} where
AT Gs B6° 56", measured 89° 42' orthorbombie shonld be
DTN’ A eloser titanite approximation wonld be (T7016).



	tmp573-1
	tmp573-4
	tmp573-5
	tmp573-6
	tmp573-7
	tmp573-9
	tmp573-10
	tmp573-11
	tmp573-14
	tmp573-20
	tmp573-24
	tmp573-40
	tmp573-45
	tmp573-46
	tmp573-73
	tmp573-77
	tmp573-78
	tmp573-82
	tmp573-84
	tmp573-85
	tmp573-88
	tmp573-91
	tmp573-92
	tmp573-93
	tmp573-101
	tmp573-103
	tmp573-104

