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tion of sandy silica.
I'he occurrence in Utah, here described, is therefore the third

recorded identification of spadaite. The minerdl may be more wide-

spread in its occurrence than is recognized and may have been

erroneously determined as serpentine.

Occunnnncr eNn Assocr'qrroN

The geology of the region has been briefly described by Butlera

and byk.*p and Billingslgys and will be treated in more detail in
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a Geological Survey publication by one of the writers.o A consider-
able thickness of complexly faulted and folded Paleozoic sedimen-
tary rocks was intruded in early Tertiary time by a stock of qtartz
monzonite. Several kinds of ore deposits were formed as an after
effect of the intrusion. fn one of these-gold-bearing lodes in
rather thoroughly silicated limestone-spadaite occurs locally in
considerable quantity.

This type of gold ore was mined at the Cane Springs, Alvarado,
and Midas mines, all of which are now idle. At all three, the geology
is more or less similar. One or more beds of limestone have been
rather completely converted to a rock composed of wollastonite,
garnet, diopside, and other silicates. Shoots of gold ore are local-
ized in.these beds by pre-ore faults at the Midas and Cand Springs
mines, and by an irregular dike-like mass of qtartz monzonite at the
Alvarado mine.

Spadaite occurs only in the ore shoots, associated with the sili-
cates mentioned, quartz, various sulphides (chiefly chalcopyrrite
and bornite) and their oxidation products, and small quantities
of native gold. The spadaite forms dense, almost porcellanous,
cream or pink colored masses iri the ore shoots. These dense masses
of spadaite generally contain blebs of garnet, diopside, and other
silicates. frregular areas and veinlets of quartz with associated me-
tallic minerals also traverse the spadaite.

Thin sections of specimens containing spadaite show clearly that
it is later than the silicate minerals which have been formed by the
metamorphism of the limestone bed, a conclusion that is also in-
dicated by the absence of spadaite in altered limestone away from
the ore shoots. Wollastonite is the most common of the older sili
cate minerals and it appears to be preferentially replaced by the
spadaite, for blebs of garnet and of diopside of about the same size
and habit as blebs of the same minerals in unreplaced wollastonite
are found in the spadaite. The incomplete replacement of wol-
lastonite by spadaite is shown in Fig. 1. The shreddy spadaite
incloses many irregularly shaped residua of wollastonite. The
spadaite is clearly older than the quartz, in many places being
veined by it. Locally also calcite veinlets are found in the spadaite
masses.

6 Nolan, T. B., Geology and ore deposits of the Gold Hill quadrangle, Utah:
U .5. Geol. Sun:ey report,inpreparation.



TOURNAL MINERALOGICAL SOCIETY OF AMEMCA 233

Frc. 1. Microphotograph of spadaite inclosing residua

of wollastonite. Plain light, X87.

Pnoppnrrns

Under the microscope the spadaite is seen to have a felted

shreddy habit, like that of sericite, from which it difiers, however,

in its much lower indices of refraction and lower birefringence. It is

indistinctly platy, somewhat columnar, rather than fine fibrous.

The mineral is colorless and non-pleochroic' The extinction is

nearly parallel, though some fragments show a distinct but slightly

inclined extinction. The refractive indices were determined by Dr'

C .  S .  Ross  to  be :  a :1 .521 ,  0 :1 .525 ,  r : 1 .545 ;  a l l  +0 '003 .  2V

small to medium. Optically positive, elongation positive. Larsen

givesT B: 1.53 + 0.01 for spadaite from Italy.
The refractive indices, after heating to 110o and driving off half

the water, are nearly the same but seem to be very slightly (not

more than 0.01) higher. Apparently some mineials can lose half

their water without appreciable change in their optical properties.

Thus Winchells states for talc:
"After losing half its water content the mineral has practically

the same optic properties."
The density of the specimen analyzed is 2.32. Allowing for the

insoluble garnet and diopside and for the soluble wollastonite, the

density of spadaite is about 2.2.

7 Larsen, E. S., U. S. Geol,. Suney, Bull. No. 679, O' t35, 1921.
8 Winchell, L. N ., Elements of optical mineral'ogy, Part II : Descriptions of min-

eraIs, 1927 rp. 228.
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Couposrrrow

The mineral fuses before the blowpipe flame, with slight bub-
bling, to an opaque white enamel. It is soluble in HCI without
gelatinization, yielding sandy silica. Neither dilute nor concen-
trated acid, hot or cold, caused any gelatinization.

A preliminary separation with heavy solution yielded about 4
per cent of heavy minerals (chiefly diopside and garnet) but the
sample analyzed still contained nearly 9 per cent of these minerals,
so that about 13 per cent of minerals insoluble in HCI are present
in the hand specimen. Boiling the powdered sample for 15 minutes
with a 10 per cent solution of NasCOs yielded 0.41 per cent of solu-
ble silica, which is ascribed to opal. The lime is referred to wollas-
tonite. A mere trace of carbonate is also present.

The analysis of the mineral is given below in the first column
and, in the second column, the analysis is recalculated after deduct-
ing the impurities (insoluble garnet and diopside, wollastonite and
opal).

T,\sr-E 1. ANtvsrs ol Spe-o,lr:rE r.nolr Uren

Analysis

Insol. residue 8. 68
SiOz sol. in NazCOs 0 41
Sioz 43.28
Feros 0.22
FeO 0 27
CaO 1 .58
MsO 24.72
HrO-  10 .36
H,o+ 10.51

. 7915  1 .  13  o r  1

. oo43l
I  r . o o o r  t

.7017)

. 6583 0. 93 or 1

.6678 0 .94or  I

With
impurities
deducted"

Ratios
Calculated
for  SiOz.

MgO 2HzO

29.54
13 .20
13.20

100.03

" The impurities consist of 8,68 per cent insoluble residue (diopside and garnet),
3.27 per cent wollastonite (based on the CaO percentage),0.41 per cent opaline silica
(soluble in 10 per cent Na2CO3 solution), and0.22 Fe2O3 as limonite.

The ratios came out approximately to 1:1:2, yielding the form-
ula SiOz.MgO. 2HzO, which may be wr i t ten H2MgSiOa.H2O, hal f
of the total water being given ofi at 110o.

The question as to how the water given off at 110o functions is
one that cannot be answered fbr this mineral at present. The fact

+ l  , J t

0 . 3 1

28.28
1 1 . 8 5
1 2 . 0 2
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that the optical p'roperties do not seem to vary to any great extent,
when this water at 110o is driven ofi, cannot be given too much

weight as the character of the material is such that the optical
properties cannot be determined sufficiently accurately and fully

to make such a criterion of much value.
Assuming that this water at 110o is unessential to the mineral

and deducting it, and recalculating the remainder to the same total
(100.03), the resultant analysis agrees fairly closely with the only
recorded analysis of spadaite.

Terr,n 2. Colp.nnrsom ol Axnrvsrs ol Spalarro rnou Ul,Lu, Wrrn rrrn Warnn
GrwN orl ,q.r 110o Dnlucrnn, Wrrn rrm Aner,vsrs or Spalmro lnolr It.l.r,v,

lno Wrrs rnn C.tr-cur-arnn CorrnrosrtroN ron SiOz'MgO'HrO.

SiOz
FeO.
Mso
H:O
Alros

Spadaite from
Utah with HzO
at 1 10' deducted

53 96
0 . 3 5

3 2 . O 8
13.64

Spadaite
from Italy

Calculated
for

S iOz.MgO'HzO

J U .  / O

34.04
15.  20

99.33

The ratios of SiOr:MgO:H2O in the analysis of spadaite from
Italy (Table 2) are 1.21:1.00:0.82, with a considerable variance

from the 1: 1 : 1 ratio. The ratios are close to the formula given,

namely,  6SiOz.SMgO.4HzO. being 5.99:4.95:4.05.  The rat ios of

the analysis of spadaite from Utah (Table 2), with HzO at 110o

deducted,  are 5.48:4.89;4.63,  a poor  agreement .
In von Kobell's paper describing spadaite from Italy he makes

no mention of drying the sample at 100o before analysis, but this
practice was so common at that time that it can probably be safely

assumed that his sample was so dried and that consequently the

spadaite from Italy contained more water than is reported in the
analysis. The 0.66 per cent AlzOs rePorted has to be considered and

it may be that by making the proper allowance for the AlzOs and

for the water lost, if his sample was dried at 100o, the ratios would

come closer to a 1: l:2 ratio than those calculated from his recorded

analysis.
It is, therefore, believed that the same mineral is represented by

56.00
0.  66

30.67
lt.34
0 6 6
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the two occurrences and that the correct formula of spadaite is
SiO2'MgO. 2HzO (as shown in Table 1) even though both analyses
Show an excess of silica and the quantity of water inherently pres-
ent in the mineral is not definitely known.

A number of mineral names are listed in fine print on page 675
of Dana's System of M'ineralogy whose analyses approach the sim-
ple formula SiOz.MgO.H2O, such as hampshirite, aphrodite, and
cerolite (or kerolite). But as described by Schrauf,e most of these
are mixtures of serpentine and opal, unless Schrauf also confused
spadaite with serpentine. Some analyses of cerolite are close to the
analysis of spadaite from Utah (Table 1) and may represent the
same mineral. The recorded analyses of deweylite are similarly
close.

Our. knowledge of the hydrous magnesium silicates is still very
incomplete. The following tabulation suggests a possible grouping:

Tre Hvlnous MacNBsruu Srr.rclrns

sio2
_ :  <1 .
Mgo

SiOz
_ :  1 .
Mso

SiOz
_ : > 1 .
Mso

e Schrauf, A., Beitriige zur Kenntniss des Associationskreises der Magnesia-
silicate: Zei,t. f . Kryst., Min., vol.6, pp. 321-388, 1882.

Serpentine
(incl. chrysotile
and antigorite)
Dewelylite

Spadaite

Cerolite

Sepiolite
Parasepiolite

Talc

Spadaite

2SiOz'3MgO'2HzO.

3SiOz'4MgO'6HzO.

lsior'lMgO 2HrO. Simple formula here
proposed.

2SiOz' 2MgO' 3HsO(?) or same as spadaite (?)

3SiOr'2MgO'2HrO B-sepiolite
3SiOz.2MgO'4HzO a-sepiolite

4SiOz'3MgO' lHzO
SSiOz 4MgO' 2IJ,O(?) (Winchell).
6SiO, sMgO'4HuO(?) Old formula.


