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ABSTRACT

chemical and spectrographic analyses of coexisting actinolite and diopside from the

metamorphosed dolomitic sandstone of the Precambrian Wallace Formation northu'est of

the Idaho Batholith indicate nearly equal distribution of all other elements except calcium.

calculated [ca/(Fe*Ms)l in actinolite/diopside is 0 4. It is concluded that in the PT

conditions of the amphiboiite facies only diopside crystallizes in layers that have lca/(Fe

*Mg)l> 1 ; diopsidef actinolite if 1 ) [Cal(Fe'|Mg)]> 0 4; and onlv aclinolite iJ [Cal(Fe
-lLMg)l <0 4, in which ca is the excess after deduction of the amounts contained in plagio-

clase, sphene. and scapolite.

The mineral pair diopside-actinolite occurs with plagioclase and q\artz

or with plagioclase, scapolite, and quartz in metamorphosed dolomitic

sandstones of the Precambrian Wallace Formation of the Belt Super-

group northwest of the Idaho batholith. It is most common in the gneissic

layers in the kyanite-garnet and kyanite-sillimanite zones but also occurs

in some layers in the sil l imanite-muscovite zone and thus was stable un-

der the pressure-temperature conditions of the amphibolite facies. Inter-

bedded with the diopside-actinolite gneiss are layers that, in addition to

plagioclase, quartz, * scapolite, contain only diopside and still others

that have only actinolite. On the basis of the theoretical formulas of the

diopside, Ca(Mg,Fe)SizOo, and actinolite, Ca2(Mg,Fe)5SisOzz(OH)2, crYs-

tallization of diopside requires a higher concentration of cao than does

the crystall ization of actinolite. Thus, the Ca/(Fe*Mg) ratio of the rock

is certainly important in determining the ratio in which actinolite and

diopside wil l crystall i  ze lrom a given laver. This ratio may be further in-

fluenced by the amount of substitution of Mg by Fe+z and Si by Al in

each mineral. It is therefore important to find out the exact compositions

of the coexisting diopside and actinolite.
General aspects of the occurrence of the coexisting diopside and actin-

olite from the Elk River-Clarkia area (Hietanen, 1963, p. C23 C25)

and from the Mallard Peak area (Hietanen, 1968, p. 10-11) have already

been described. The indices of refraction that were determined for these

occurrences indicate a l imited range in composition of each mineral:

actinolite a : 1.618 1.622, t : 1.642 1.645 ; coexisting diopside a : 1.67 3-

1 .67  4 ,  y :  t . 701  704 .
At the mouth of Coll ins Creek in the Mallard Peak area (Hietanen,

1 Publication authorized by the Director, Lt. S. Geological Survey.
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1968, pl. 1), diopside and actinolite form monomineralic shells around
calcite lenses in the Wallace Formation. Diopside crystall ized next to the
calcite (Fig. 1) and was enveloped by a shell of actinolite. Comparison
with the low metamorphic equivalents of the Wallace Formation farther
north suggests that these calcite lenses were originally dolomitic Iayers in
shale and sandstone. During the metamorphism dolomite reacted with
quartz to form diopside. The excess CaCOs seggregated into monomin-
eralic lenses that were enveloped by diopside. Small grains of diopside in
the surrounding gneiss are optically similar to the diopside in this shell.
Actinolite crvstallized in the dolomitic shaly layers that contained more
Fe and Mg than the dolomite. The actinolite in the monomineralic shell
is optically and presumably chemically similar to the actinolite in the
gneiss. The monomineralic seams may have crystallized in response to
concentration gradients resulting from local diffusion during the meta-
morphism but the distribution of these minerals in the primary thin
layers (beds) certainly was controlled by the original composition of these
lavers.
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Frc. 1. Photograph of sample 2154, from which diopside (di) and actinolite (act) were
separated. White part (c) consists of calcite.
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'I'.q.er-n 1. Cnrurc,ll Coueosrrrox, Car-cur,atno Fonnur,es, axn Trace-Er.eMENt
CoNtrNr or Dropsroe exn AcrrNorrrn rnou SranN (Sawr,r 2154),

Cor,r,rNs Crnrx CarrN, Crnanwatnn Countv, Ioerro

Diopside Actinolite

End members (percent)

<4 Enstatite 39.59
4 Fenosil ite 9.14

40 Wollastonite 48.22
32 Acmite l.o2

8 CaFes+AlSiO6 2 03

7 100.00
9 Indices of relraction

46 a : l  674!O.O0l
1 4  E : 1 . 6 8 1  +  0 . 0 0 1

1 0 0  r : 1  7 0 3 t 0  0 0 1
30

3 Fe'+ /Ms:o.2234
20 CalFerF+Ms:1 016

SiOr  54 .84
Al rOa 1 .74
I'eOa 1 . 19

FeO 6 .95

MnO O.29
MeO 18 64
TiOr 0.09
CaO 12.97
NarO 0 58
KzO O 28
F  0 . 6 6
Hro+ 1 .8
L e s s O : F  O  2 8

Total 99.8
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Number of ions
for 24 oxygens

End members (percent)

Tremolite 73.01
Ferrotremolite 9 73
Endenite 8-22
Hastingsite- 9 01
type molaule
lNarCasFefMgrFdi(OH)uSioAl0z

Indices of refraction
a : l . 6 2 2 ! 0  0 0 1

0 : 1  . 6 3 4 1  0 . 0 0 1

r  :1  .644 t  0 .001

Fe*/trtrs:o.zog2
CalFez++Mg:0.414

Number of ions
Ior 6 oxygens

SiOr 53 80
Alroa O 47

FezOa 0 .93
F e O  5 . 6 3

MnO 0 35
MgO 14 15
TiOr O 02
CaO 2+ 46
NarO O 37
KrO 0 004

H:O 0 00
HrO-  0 .04

Total 1O0-22

Na o.16t2.1.6
K  0 .0sJ
F  0 .2e1  1 .98
oH  1 .6e [
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Ko(Fez+/Mg) Act /Di  :  0.936;  Ko \Ca/Feza *  Mg) Act /Di  :0.n7

Sample 2154, Collins Creek
Ingamells and Sarah T. Niell
Geological Survey.

Cabin, Clearwater County, Idaho Analyses by C. O.
(chemical) and R. E. Mays (spectrographic), all of U S.

Separation of the small grains of diopside and actinolite in the gnerss
was not successful; therefore these minerals were separated from the
monomineralic shells in sample 2154 and analyzed chemically (Table 1).
In both minerals the percentage of MgO is about three times that of
FeO. In the calculated formula the [Fe/Mg] ratio is O.22 ior the diopside
and 0.21 for the actinolite, indicating an equal distribution of Fe and Mg
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between the diopside and actinolite. In Figure 2, where the percentages of
major oxides in diopside are plotted along the abscissa and those in actin-
olite along the ordinate, plots for MgO, FeO and Alzoa are slightly
above the line drawn for the equal distribution, but the plot for CaO is
much below it.

Trace-element content of analyzed diopside is very similar to that of
the actinolite. Each contains 95-100 ppm V, 30-48 ppm each Co, Sc, and
Y, and a small amount oI Cr,Zr, Sr, Ni, Ga, Cu, Be, and Yb (Table 1). In
Figure 3 all of these elements plot close to the equal distribution line;
concentrations of Cr, Cu, Be, and Yb are only a l itt le higher in the diop-
side than in the actinolite and Co, Y, Ni, and Ga a l itt le lower.

In calculation of the percentages of end members of diopside (Table 1)
all Mg was calculated as enstatite (MgSiOa), Fe2+ as ferrosil i te (FeSiOs),
Na as acmite (NaFeSizOo) and Ca as wollastonite (CaSiO). A part of
wollastonite was combined with Fe3+ and Al to form the molecule CaFe3+-
AISiO6, which was derived from diopside by hypothetical substitution
p.z+.t-$ia+-Fe3++Al3+, as has been suggested by Vogel (1966). The
actinolite was first calculated as tremolite (CarMg5Si6Or(OH)r) and fer-
rotremolite (CazFeaSiaOzr(OH)r), then edenite (NaCarMgsAlSi?Or, (OH)r)
and hastingsite-type molecules (NaCarMgaFe3+SioAlzOn(OH):) were
formed from Na, Al, and a part of termolite.

Calculation of the chemical analyses shows that the coexisting diopside
and actinolite contain about equal amounts of the iron end member, and
differences in composition are mainly in the higher calcium content and

0 4 8 t 2 t 6 ? 0 2 4

OIOPSIDE, WEIGHT PERCEtiT

Frc. 2. Distribution of MgO, FeO, CaO, and AlrOr between actinolite and
diopside. Line OA is the line of equal distribution.
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DIOPSIOE, PPil EY WEIGHT

Frc. 3. Distribution of trace elements between actinolite and

diopside. Line AA' is the line of equal distribution.

slightly lower aluminum and alkali contents in the diopside. The dis-

tribution of [Fe/Mg] and [Ca/(Fe*Mg)] for diopside and actinolite is

shown in Figure 4. Ko[Fe/Mg] for act/di is close to 1, whereas Ko[Ca/
(Fe*MS)]for act/di is 0.4. An important difference between the com-

0 o.z o,.t 0.6 0.8 t.o I z
DIOPSI DE

Frc. 4. Distribution coefficients for [Fe/Mg] and [Ca/Fe*Mg] in
the analysed actinolite-diopside pair.

U
F

o=
F

t

F-(9
T
.D

a
c

U
F

J

I
F

t



sK.4RIr MINERALS, IDAHO 239

position of actinolite and diopside is the occurrence of (OH)z group in the

actinolite. Therefore the initial CO2/HIO ratio of the individual primary

Iayers may have influenced the preference of crystallization of either di-

opside (at high P6er) or actinolite (at high Pnro). Ilowever, the common

occurrence of calcite in each type of layers and the coexistence of biotite

with diopside in thin interbedded Iayers (Hietanen, 1963, p. C30) indi-

cate that this was not a determining factor. Rather the partial pressures

of these volatiles were uniform on the scale of initial layer' The other

differences in the chemistry of these minerals are minorl thus, crystalliza-

tion of actinolite with diopside, and the ratio of these minerals in a given

Iayer, depend mainly on the amount of CaO available, which can be cal-

culated for each layer by deducting from the total CaO the amount that

forms plagioclase (and scapolite) with Alros and sphene with TiOz. After

these deductions are made, it is concluded that only diopside will crystal-
llze in the layers that have [Ca71ne+ ltg) ] > 1; diopside and actinolite

wil l crystall ize together if 1>[Ca/(Fe*Mg)]>0.4; and only actinolite

wi l l  form i f  [Cal (Fe*Ms)]<0.a.

RolrnnNcrs

Htrra.NoN, ANN,I, (1963) Metamorphism of the Belt Series in the Elk River-Clarkia area,

Idaho. [/. S. Geol'. Swt. Prof Pap.344-C' CI-C49.
- (1968) Belt Series in the region around Snow Peak and Mallard Peak, Idaho. U. S.

Geol. Sum. ProJ. Pap.344-E' E1-E34.

Vocnr., D. E. (1966) Nature and chemistry of the formation of clinopyroxene-plagioclase

symplectite from omphacite. Neues Johrb.Minenl 1966' 185-189.

M anuscript recei.ned, J une 26, 1970 ; accepteil Jor pubtrication, October 14, 1970 '


