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Assrnncr

INrnolucrroN

The magnetic susceptibilities of some ferromagnesian silicate minerals
have been measured in recent years by a number of workers with a

manganese content are presented for these biotites and amphiboles, and
for previously published data on amphiboles, clinopyroxenes and ortho-
pyroxenes. Such correlations permit estimation of iron-manganese con-
tent, for which optical methods may be unreliable, e.g. in biotites and
amphiboles.

Pnpvrous MnasunrunNrs

Ol'ioines

indices. Apart from the knebelite, the only olivine for which a published
analysis is available is a common magnesian olivine containing 10.26 per
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cent FeO and 0.09 per cent MnO (Ross, Foster and Myers 1954, p' 707) '

Its specific susceptibil i ty range calculated by the writer from these

figures is 16.9 to 18.7 (XtO-u e.m.u./gm.), which is in excellent agree-

ment with the measured value (18X10-9 given by Nagata, Yukutake

and Uyeda (1957,  p.  52) .

Clinopyroxenes

chevall ier and Mathieu (1958) measured with a magnetic balance the

specific susceptibility of thirteen clinopyroxenes from the Skaergaard

intrusion, east G.e"nland, obtaining good agreement between measured

values and susceptibil i t ies calculated by adding the contributions of the

magnetic moments of the main paramagnetic ions present'

Orthopyrorenes

Akimoto, H6rai and Boku (1958) measured with a magnetic balance

the speci f ic  suscepr ib i l i ty  of  e ight  or thopyroxenes vary ing in  composi-

tion irom Ofos to Of$ mol. per cent, and showed that the molecular

susceptibility at room temperature increased with increasing ferrosilite

content. The discrepancies between the measured susceptibil i t ies and

those calculated by the writer from the analyses given by Akimoto et al',

are larger than for the clinopyroxenes of chevall ier and Mathieu (1958)

and for the biotites and amphiboles investigated in the present study.

Biotites ond amPhiboles

syono (1960) measured with a magnetic balance the specific suscepti-

biliiy of five analyzed biotites and six amphiboles. For the biotites and

thre! of the amphiboles, the measured susceptibil i ty is much higher than

the calculated susceptibil i ty. These discrepancies are attributed by

Syono (1960, p. 91) to the presence of combined water, but no similar

discrepancies were found in the present study, as shown later'

C ord,ierites

Syono (1960) showed that the specific susceptibil i ty, measured with a

magnetic balance, of four cordierites increased with increasing iron con-

tent. Fair agreement between measured and calculated susceptibil i t ies

was obtained.

Garnels

Syono (1960) measured the specific susceptibility of four ana"lyzed

garnets with a magnetic balance, f inding good agreement between meas-

ured and calculated values. Frost (1960) measured the specific suscepti-

bil i ty of 23 garnets with a calibrated Frantz isodynamic separator and

deduced the susceptibil i t ies of the theoretical garnet end-members'
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CercurarroN oF SpEcrlrc SuscEprrBrr,rry

As a check on measurements it is desirable to calculate approximate
susceptibil i t ies from the chemical analyses. It has Iong been known that
the magnetic susceptibil i ty of paramagnetic compounds is determined by
the magnetic moments and concentrations of the constituent paramag-
netic ions. In the ferromagnesian sil icates, which are paramagnetic, the
main paramagnetic ion is usually Fer+, but commonly there are smaller
amounts of Fe3+ and Mn2+, and Ti3+, Cr3+ and Ni2+ may also be present.
Chevall ier and Mathieu (1958) considered ps2+, psa+ and Mn2+ to
be the effective paramagnetic ions in clinopyroxene, and derived expres-
sions by which the specific susceptibil i ty at 2O" C. may be calculated
from the concentrations and magnetic moments of these ions. The ex-
pressions, which may also be applied to other ferromagnesian minerals,
are:

xr : 423.6 * 1g-t[27.6* I 3a.6U -t z)l
xz: 423.6 x 10_6[30.6r i 3a.60 * z)l

where 1r and y2 are the calculated specific susceptibil i t ies (e.m.u./gm.),
and r, y, z are the ionic concentrations (gm.ions/gm.) of Fe2+, Fe3+, and
Mn2+, respectively. Chevall ier and Mathieu (1953) used the magnetic
moments shown in Table 1, as did Syono (1960), and the writer has
followed this usage to facil i tate comparisons. The values 11 and X2 cor-
respond to the ends of the range taken for the magnetic moment of
Fe2+ (Table 1), so that ideallv, the measured susceptibil i ty (designated
1- in this paper) should fall between Xr and 12. However, the calculated
susceptibil i ty is best regarded only as an approximate guide.

RBrerrvB Elrpcrs oF TrrE PanauecNerrc IoNS

Table 1, in conjunction with chemical composition, shows that the
magnetic susceptibil i ty of ferromagnesian sil icates is due mainly to iron

ran'r1't"'TJ';##iHy"T:"1"J*#ffiuacmncroNs',
(after Stoner t934, p. 312)

Ti3+
Cr3+
Mn2+
Fes+
Fe2+
Ni2+

Magnetic Moment

c a .  1 . 7 *
3  .86
5 .88
5 .88

5.25-5  53
3.23-3 .43

* Deduced from the value of 1.74 eiven for Va+
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and manganese. Fe3+ and Mn2+ have slightly higher magnetic moments

than Fe2+ and must therefore be granted the same degree of importance

as Fe2+, both for the calculation of susceptibilities and for plotting sus-

ceptibility against composition. Ilowever, if FeO is high, small amounts

of FesOe and MnO have only small effects on the susceptibility com-

pared with the effect of the FeO. In this paper, both Fe3+ and Mn2+

have been taken into consideration, even where present in small con-

centrations, principally because these ions are invariably bracketed

with Fe2+ in calculations involving the degree of substitution of Fe for

Mg in common ferromagnesian minerals. In some garnets Mn is so high

that its efiect overshadows that of Fe; e.g., Frost (1960) deduced that

the susceptibility of pure spessartite is higher than that of pure alman-

dine.
Except for some uncommon varieties, ferromagnesian minerals gen-

erally contain only small amounts of titanium, although common biotites

may contain as much as 5 per cent TiOz by weight. Though Tia+ is dia-

magnetic, Ti3+, containing one unpaired electron, is paramagnetic, with

a magnetic moment of about 1.7 (Table 1). The colours of t itaniferous
pyroxenes, amphiboles and biotites indicate that small amounts of Ti3+

are present, but Ti3+ is probably subordinate to Tia+, since the reverse

situatioir can be expected only when almost all the iron is present as
p.z+ (Goldschmidt 1954, p. 412). This probabil ity, together with the

small magnetic moment of Ti3+, indicates that the effect of titanium is

negligible compared with that of iron and manganese. This has been

confirmed in practice by measurement of a titanian amphibole (kaersu-

tite) containing 5.64 per cent TiOz, the measured susceptibility being

in good agreement with the susceptibil i ty calculated on the basis of iron

and manganese only (Table 5, No. 2).
Chromium is generally a very minor or trace constituent of common

ferromagnesian minerals, excepting pyroxenes from certain ultramafic
rock types. Thus Ross, Foster and Myers (1954) reported up to 2.43

per cent CrzOa in chromian diopside and up to 0.94 per cent CrzOs in

enstatite. The relatively high magnetic moment of Cr3+ (Table 1), to-
gether with the low concentrations of Fe and Mn in these minerals would

make it necessary to take the effect of Cr into consideration.
Small amounts of nickel occur in some magnesian olivines' the largest

quantity of NiO reported by Ross, Foster and Myers (1954) being 0.50
per cent. Ilowever, Ni2+ has such a low magnetic moment (Table 1)

and NiO is so subordinate to FeO, that the effect of the nickel should be

insignificant. Thus, the analyzed magnesian olivine of Nagata, Yukutake

and Uyeda (1957), referred to earlier, shows good agreement between
the measured susceptibility and that calculated on the basis of iron and

manganese only, despite its NiO content of 0.41 per cent'
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NBw MBesuREMENTS oN BIoTITES AND AMPHIBoLES

The specific magnetic susceptibilities of some Australian biotites and
amphiboles have been measured at room temperature with a Frantz
isodynamic separator using the method and calibration of McAndrew
(1957). The crit ical currents-the currents at which equal f low down each
channel of the chute takes place at a particular transverse slope-were
obtained by graphing weight against current. weighing is preferabre to
visual estimation and enables the use of smaller sampleslabout 0.5 gm.
was found to be satisfactory. The measurements were made at a cor-
rected transverse slope of 20", the currents required being less than 0.90
amp.

Compressed air was used for cleaning the chute and hopper between
runs on different samples, since the correction to the transverse slope
reading may change when the chute is removed.

Ferromagnetic impurities were removed as thoroughly as possible from
the samples to be measured, by a hand magnet and by a pass through
the Frantz separator at low current. The samples were sized fractions of
-52+100 mesh (B.S.S.) ,  except  for  b iot i te  No.  11 and amphibole No.  2,
of which the -521200 fractions were used. The -52*100 fraction was
favoured because the instrument was calibrated with material of this
size range (McAndrew 1957 , p. 64).

Biot'ites

The eleven biotites measured are from Precambrian metamorphic
rocks of the Broken Hil l district, New South Wales, which have been
studied in recent years by the Mineragraphic Investigations section of
the C.S.I.R.O., Melbourne. Five of these were separated by the late Dr.
A. B. Edwards and ana,lyzed in 1954. The other six were separated by
the writer during a study of the banded albite-rich rocks of the district
(vernon 1961). The large range in iron content shown by these biotites
makes them especially suitable for the present study.

The chemical composition and optical properties of the biotites are
shown in Table 2, and the structural formulae calculated on the basis
oI 72 (O, OH, F) atoms are shown in Table 3. The analyzed. concentrates
were at least 99.5 per cent pure, quartz being the most common impu-
rity, although chlorite is presentin No.6and garnet in No. 11. Biotite
No. 11 contains 1.93 per cent cao, which cannot be ascribed to impurit ies
of apatite, since PzOs is only 0.01 per cent, or of garnet, since grain-
counts of the concentrate revealed only 0.4 per cent by weight of a garnet
containing about 3 per cent cao. The calcium therefore appears to be
accommodated in the X group of the biotite structure (Table 3).

The measured specific susceptibilities are given in Table 4, together
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Tasr,B 3. Srnuc:runer, Fonuur,lr ol Er,nwN BnorBw Hrr,r, Brornrs*

l l

2 . 7 8
1 2 2

Si
AI

AI
Ti
Fet t l

Fe"
Mg
Mn

t
(Y)1

t

2  83  2 .87
t . t 7  1 . 1 3

0 4 9  0 4 1
0 0 5  0 0 8
0 0 9  0 2 1
0 .3+  0 .29
2 2 1  1 9 5

0 .01

0 .01
0 . 1 2  0 . 0 3
0 7 5  0 8 7

2 . 8 4  2 . 8 8
1 . 1 6  1  1 2

0.49  0 .62
0.06  0  03
0 . 2 1  o  2 4
0 . 5 8  0 . 7 6
1  . 8 6  1 . 5 3

0 0 1
0 0 9  0 0 5
0 7 8  0 9 1

2 . 6 5  2 . 7 8
1 3 5  1 2 2

0  1 9  0 . 1 9
0 . 0 9  0 . 2 8
0 3 4  0 2 0
0 . 6 9  0 . 9 9
1 . 3 5  1 . 4 0
0 . 0 1  0 . 0 1

0 0 6
0 . 0 i  0  0 1
0  7 8  0 . 8 6

2 . 8 6  2 . 9 2
1  1 4  1 . 0 8

o . 7 4  0 . 4 3
0 . 1 7  0  1 6
0 . 0 9  0 . 2 1
0 . 9 8  1 2 l
0 . 6 6  0 . 8 0
0  0 1  0 . 0 1

0 0 5
o . 7 4

2 . 7 9  2 . 6 6
1 . 2 1  t . 3 4

o 2 3  0 4 3  0 2 9
0 . 2 8  0 2 4  0 1 7
0 . 4 6  0 .  1 1  0 . 2 2
1 . 0 8  1 . 5 9  1  7 8
0 . 8 8  0 . 6 0  0 . 3 9
0 01  0 .03  0 .03

0  0 2  0 . 1 6
0 0 6  0 0 2  0 0 2
0 . 8 7  0 . 8 8  0 . 7 3

0 . 0 3
0 . 6 7

f tut
(x) lNa

IK

0  6 5  1 . r 4  0 . 9 4  0  6 9  1 9 5
0 . 5 1  0 . 4 6  0 . r 9  0  2 4  0  4 2

1  e 8  1 . 7 2  r  , o  t :  r . 7 1Jou
\r

Z
Y
X

(oH, F)

4 .00  4 .00  4 .00
3 . r 8  2 . 9 5  3 . 2 0
0 . 8 8  0 . 9 0  0 . 8 7
1 . 1 6  1 . 6 0  1  1 3

4 .00  4 .00  4 .00  4 .00
3 .  1 8  2 . 6 7  3 . 0 7  2 . 6 5
o .97  0 .91  0 .90  0  70
0  9 3  2 . 3 7  1 2 3  1 . 9 8

4 . 0 0  4 . 0 0  4 . 0 0  4 . 0 0
2  8 2  2 . 9 4  3 . O 0  2 . 8 8
0 . 8 0  0  9 5  0 . 9 0  0 . 9 1
1  7 2  1 . 1 0  r . 2 9  r . 7 r

* Ideal formula XY3Z4O10(OH, F)2. Nos. 1-11 as for Table 2.

f PzOs and equivalent CaO to make apatite, subtracted from anaiysis.

with susceptibil i t ies calculated from the concentrations of paramagnetic
ions, showing there is general agreement between measured and calcu-
Iated values.

Amphi.boles

The measured and calculated specific susceptibil i t ies of seven amphi-
boles from various Australian localit ies are given in Table 5 (Nos. 1-7),
together with partial compositions and ionic concentrations of para-
magnetic ions. Full compositions are not given, because they are, or
shortly wil l be, incorporated in readily obtainable publications. For six
of the amphiboles, 1- falls either between Nr and x2 or very close to one
of these values. In addition, a tremolite from Mount Fitton, South Aus-
tralia was found to have a very low susceptibil i ty (1.2X10-6 e.m.u./gm.),
as expected.

Additional data have been obtained from a paper by Rosenzweig and
Watson (1954), who measured the currents at which equal separation
occurred on a Frantz separator at a transverse slope of 30o, for eight
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Tesln 4. CoutosrrroN eNo Mlcr.rsnc Suscrptrnrr-rrv ol Er.rvrn Brortrns

Specinen

1
2
3
4
5
6
7
8
9

1 0
1 1

Iron and manganese content

(weight per cent)

Total Fe
FeO FezOr MnO (as FeO)

AMnO

Concentration of
- magnetic ions

(gm ions/gm. oI biotite)

l0ar l0ay loaz
(Ior (for (for

Fet+) Fe3+) Mnz+)

Calculated

specific

susceptibility
(e.n,u., /gm.)

1069 10012

1 2 . 3  1 3 . 3
1 5 . 1  1 5  9
2 2 . 2  2 3  9
27 .4  29 .5
2 9  6  3 1 . 6
3 1  3  3 4 . 0
2 9 . 1  3 1 . 9
3 7 . 8  4 1  2
4 1 . 5  4 1 . 4
43.1  47  3
5 0 . 6  5 5 . 3

Measured
specific

u./gm.)

5 . 7 1  1 . 6 6
4 . 8 1  3 . 8 6
9.46  3  74

1 2 . 1 0  4 . 2 1
11.25  6 .05
1 5 . 2 5  3 . 4 5
1 5 . 9 4  1  6 0
1 9 . 0 0  3 . 5 9
1 6 . 5 7  7  7 7
23.95  1  .  86
2 6 . 6 0  3 . 5 9

trace 7 20
0 . 0 8  8  3 6
trace 72.83
trace 15.89
0  1 1  1 6 . 8 1
0 . 1 2  1 8  4 8
o . 1 2  1 7 . 5 0
0 . 1 9  2 2 . 4 2
0  1 8  2 3 . 7 4
0 . 3 7  2 5  9 9
0 . 3 9  3 0 . 2 2

7  . 9 3  2 . 0 8
6 . 6 8  4 . 8 3  0  1 1

13.14  4 .68
1 6 . 8 1  5 . 2 6
1 5  6 3  7  5 6  0 . 1 5
2 r . r 8  4 . 3 1  O - 1 7
2 2 . 1 4  2 . 0 0  0 . r 7
2 6 . 3 9  4 4 9  0 2 7
2 3  . O r  9  . 7 1  0 . 2 5
3 3  2 6  2 - 3 3  0 . 5 2
36 91  4  49  0 .5s

12.O
12.O
2 1 . 7
2 7 . 4
2 8 5
3 4 . 0
3 5 . 6
43.2
3 9 . 1
4 8 . 0

^ 4 0
j
q
f

{i 30

I
rr
oo
- 2 q

Tor L F.o+M"o (wT. Z)

Frc. 1. Relation between xm and total Fe (as FeO)*MnO for the biotites of Table 4,

which may be expressed: C:1.15*0.53X1C161-, where C is weight per cent total Fe

(as FeO)*MnO. The correlation coemcient (corrected for the small number of cases) is

+0.979. and the residual variance is 4.21 per cent.

* Nos. 1-11 as for Table 2.



TOTAL Fe PLUS Mn IN FERROMAGNESIAN SILICATES tt49

Iron and manganese content
(weight per cent)

FeO

Total Fe
FeOa MnO (as FeO)

*MnO

6 . 8 2  0  3 0  0  5 7  7 . 6 6
10.92  7 .75  0  09  12 .59
10.24  2 .35  0  36  12  J2
1 4  4 1  1 . 4 7  0 . 2 3  1 . 5 . 9 6
14.32  0  92  0  24  15 .39
1 6  8 +  1 . 8 9  0 . 8 4  1 9  3 8
19.92  9  10  0 .63  28  74

Concentration oI

magnetic ions

ions/gm of

1O4r 1O4y l0az
(for (for (for

Fe2+) Fer+) Mnr+)

CalculateC

susceptibility
(e m.u./gm.) (e m.u ,/gm.)

t0uxt 1O672 lo x*

Measured
specific

1
2
3
4
5
6
7

8  8 9  1 . 1 1
9 1 2  2 3 3

1 0  1 4  3 . 9 0
1 1 0 7  2 8 7
1 0 . 5 0  4  4 2
1 2 6 t  2 8 7
t2  .58  5  04
1 4 . 6 9  5 . 3 3

0 1 3  1 0 0 2
0 . 2 3  1 1 . 4 5
0 . 2 4  1 3  8 9
0.40  14  05
0 28  14 .76
o . 2 2  1 5  4 1
0 . 3 0  1 7 . 1 2
0 . 4 3  1 9  - 9 2

9  1 7  0  3 8  0 . 8 0
1 5 . 1 7  2 . 1 9  0 . 1 3
1 4 . 2 2  2 . 9 4  0  5 1
2 0  0 t  1 . 8 4  0 . 3 2
1 9 . 8 9  1  1 5  0 . 3 4
2 3 . 3 9  2  3 6  1 . 1 8
2 7 6 7  1 1 3 8  0 8 9

1 2 3 5  1 3 9  0 1 8
1 2  6 7  2 . 9 1  0  2 3
1 4 . 0 8  4  8 8  0 . 3 4
1 5  3 8  3  5 9  0 . 5 6
1 4 . 5 8  5 . 5 3  0  3 9
1 7 . 5 1  3 . 5 9  0  3 1
1 7 . 4 7  6 . 3 0  0  4 2
20 40  6  66  0 .61

12.8  14 .0
2 1  1  2 3 . 1
2 1 . 7  2 3 . 5
2 6  6  2 9 . 1
25.4  28 .O
3 2 . 5  3 5 . 5
5 0 3  5 3 9

1 6 . 7  1 8  3
1 9 . 5  2 1 . 2
2 4 . 1  2 5 . 9
2 4 . 1  2 6 . O
2 5 . 7  2 7  . 6
2 6 . 2  2 8 . 4
3 0 . 3  3 2 . 5
3 4 . 5  3 7 . r

t3 .4
2 2 . 6
2 4 . 3
2 9 8
3 1 . 1
3 5 6
5 3 . 7

l 7 . l
1 8 5
2 2 . 8
2 5 . 0
2 3 5
2 5 . 8
29.6
3 3 . 0

8
9

1 0
1 1
1 2
13
l 4
1 5

* 1. Pale brown hornblende (pargasite) Irom hornblende-pyroxene-granulite, Peak Hill, Broken Hill district,
New South Wales (Edwards 1958, p. 7).

2. Titaniferous amphibole (kaenutite) from alkali olivine-basalt, near Spring Mountain, W. of Glen
Innes, northern N.S.W

3. Green hornblende from amphibolite, 8000 ft N.E. of Duchess railway station, northwestern Queens-
land Analyst: P. J Sinnorr.

4, Brown hornblende lrom hornblende gabbro, 2 niles W. of Beaconsfield, northern Tasmania (Baker
1959,  p .2 ' l ) .

5. Green hornblende (contaminated with several per cent of blue-green and brown hornblende) from
amphibolite, Broken Hill Basin, N S W (Edwards 1958, p. 7)

6 Cummingtonite from sme rock as No. 3. Analyst: P. J. Sinnott
7. Deep green hornblende, from area of massive hornblende, W of Silver Rock Tank, Broken Hill district,

N.S W. (Edwards 1958, p. 7).
8 t5. Amphiboles from Pennsylvania and Delaware investigated by Rosenzweig and Watson (1954). The

host-rocks are: metagabbro (8, 9), hornblende gneiss (10), metagabbro (11), hornblende-biotite
schist (12), norite (13), pegmatoid schlieren in gneiss (14), hornblende gneiss (15).

amphiboles from hornblende gneisses and gabbroic rocks occurring in
Pennsylvania and Delaware. The writer has calculated Xmt Xtt and 72
(Table 5, Nos. 8-15) from the Frantz settings and analyses of these
amphiboles, using the calibration of McAndrew (1957). The discrep-
ancies are larger than for Nos. I-7, X* generally being lower than 11.
This consistent discrepancy undoubtedly arises from the writer's use of
the calibration of another instrument, along with the fact that the trans-
verse slope as read on the Frantz separator scale is not necessarily the
actual slope of the chute (McAndrew 1957, p. 64).

Taer,B 5. Colrposr:rrox AND MAGNETTc Suscnlrrsrr,rry oF FTFTEEN AMprrrsor,ns
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RBr,.q.rrow BrrwrnN Sprcrnrc Suscnprrsrlrrv .cNo Inox-

MeNcercnse CoNreNr

The variation oI y^ with weight per cent total Fe (as FeO) *MnO for

the biotites of Table 4, the amphiboles of Table 5, the clinopyroxenes of

Chevall ier and Mathieu (1958), and the orthopyroxenes of Akimoto,

H6rai and Boku (1958) are shown in Figs' !, 2, 3, and 4, respectively.

Conventionally, composition is shown as the abscissa in determinative

charts of this kind. However, since the object of such charts is to permit

TOIAL F.O.M,O (wr 'r)

tr'rc. 2. Relation between y^ and total Fe (as FeO)*MnO for the amphiboles

of Table 5. Dots represent amphiboles 1-7; crosses represent amphiboles 8-15. The linear

relationship is: C:1.63*0.50X106x-, where C is totai Fe (as FeO)*MnO. The residual

variance is 5.06 per cent, and r (corrected) is *0.974'

estimation of composition from the physical property' x^ha's been made

the independent variable, and the calculated l ines of regression are those

of composition on x@. The biotites, amphiboles and clinopyroxenes show

high degrees of positive Iinear correlation, but the relationship for the

orthopyroxenes is more variable. This may be related to the much larger

discrepancies between measured and calculated susceptibil i t ies shown

by these orthopyroxenes.
The olivines of Nagata, Yukutake and Uyeda (1957) have not been
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CUNOP/ROXENES

rorAL F.o. M"O (uf.z)

Frc. 3 Relation between xu and total Fe (as FeO)*MnO for the clinopyroxenes of
Chevallier and Mathieu (1958), which may be expressed: C:4.43*0.MXt06y^, where C
is total Fe (as FeO)fMnO. The resiclual variance is 2.04 per cent, and r (corrected) is

+0.990.

plotted in this way, since more chemical data are required. Nagata,
Yukutake and Uyeda (1957) plotted molecular susceptibil i ty at room
temperature against mol. per cent Fa. However, their most iron-rich
olivine (knebelite) is rich in manganese, which is not taken into account
in their chart. Removal of this point would make a better l inear fit for
the other, more common varieties.

CoNcr-usroNs

Specific magnetic susceptibilities given in this and previously pub-
lished papers give a good measure of total iron plus manganese content
for the biotites, amphiboles and clinopyroxenes. For common varieties
of these minerals, in which MnO is low, specific susceptibil i ty effectively
indicates total iron. The published results for orthopyroxenes and olivines
also strongiy suggest a direct relationship between susceptibil i ty and
iron-manganese content. However, the relationship for the orthopyrox-
enes is as yet not well defined, and more chemically analyzed samples
will need to be measured before the exact relationship for olivines is
known.
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Frc 4. Relation between x- and total Fe (as FeO)*MnO for the orthopyroxenes of
Akimoto, H6rai and Boku (1958), which may be expressed: C:2 53+0.57X1061-, where

C is total Fe (as FeO)fMnO. The linear regression accounts for only slightly more than
half the total variance of C, so the chart has little determinative vaiue, though it does

indicate a general increase of x- with increasing total Fe (as FeO) tMnO.

Estimation of iron content from magnetic susceptibil i ty is not com-
plicated by the presence of t itanium, unlike estimation from refractive
indices,  e.g.  in  b iot i tes (Hal l  1941).

Measurements made with the Frantz isodynamic separator appear to
be satisfactory, showing that specific susceptibil i ty can be added to the
properties of ferromagnesian minerals commonly employed in petro-
logical studies.
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