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Evidence for equilibrium conditions during the partitioning of
nickel between olivine and komatiite liquids
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Ansrnacr

Olivine-toJiquid partition coeftcients for Ni (D*,), calculated from Ni versus MgO
abundance variations in komatiite series basalts, compare favorably with experimentally
determined values if Ni variations in olivine-controlled basalts can be modeled with an
equation that assumes equilibrium between the entire olivine crystal and its coexisting
liquid. Thus, Ni abundances in evolved komatiite series basalts can be calculated by using
an equilibrium or Nernst crystallization equation and are independent of reasonable choices
for the Ni and MgO content of the primary magma. Using published partition coefficients,
calculations of Ni and MgO abundances in cumulate olivines in komatiite series basalts
suggest that Do,, values determined from natural basalt systems are more geologically valid,
i.e., produce more reasonable olivine compositions than do D",values from synthetic basalt
systems.

INrnonucrroN Ni abundance in the basalt. Cawthorn and Mclver (1977)

The difficulty in modeling the partit J abundance data on an olivine-con-

the olivine-compatible element Ni in 'ic suite of Barberton Mountainland ko-

(e.g.,komatiitesfisattributedtouncerta alts from South Africa (Table l) and

olivine/liquid partition coefrcients for Cer to calculate the required empirical

vis, l97g; Irving, l97g; Elthon and I tition coefficients for Ni. Their calcu-

though these unCertainties can be relatr ro possible high-MgO primary magmas'

conditions-that is, D", values obtainer /o MgO and a c. : 2000 ppm Ni (model

periments using natural basalts (Arnd 
o/o MgO and a c. : 1000 ppm Ni (model

al.,1977) are diferent from those obta ersuslogC/c.generatedD",valuesfrom

synthetic basalts (Hart and Davis, l9i veatselectedpoints.ElthonandRidley
plained by stoichiometric control (Tak the Cawthorn and Mclver values are

tggt; Joo"r, lgg4)-significant differe the experimental data on a synthetic

versus observed Ni abundances result fi Davis, I 978; see Fig. l) and questioned

data to natural basalts. Empirically derj rf the latter data set to natural basalts-

partition coeftcients forNi (Cawhorn the empirical values of Cawthorn and

can predict Ni variations in high-Mg( from the experimental values derived

nevertheless, these values ditrer signifir ltem (e'g', Arndt, 1977; see Fig' l) for

imental values for lower-MgO basalts. basalts'

Typical calculations for trace-element partitioning as- The -purpose of this paper is to further examine Ni

tn-" u fractional-crystallization process and emploi the versus MgO variations in komatiite series basalts and to

following equation: suggesl a different equation for calculating Ni variations
in olivine-controlled magmas. Estimates of Ni and MgO

ct/co: po-r, (l) compositions of cumulate olivines are used to establish

where cis the abundance ofNi, for example, in an evolved "best"_values' for olivine/liquid partition coefficients for

magma; c" is the abundance of Ni in the parental magma; Ni and_ are based on natural olivine compositions. Ad-

f is ttre fraction of magma remaining; unO I it theiutt ditionalcomparisonsofpublishedNipartitioncoefficients
partition coefficient foiNi. AttemptJto model Ni parti- to empirically derived values, calculated from the pro-

iioning among olivine-controlled basalts, using Equation Posed crystallization equation and Ni data on high-MgO

I and published D", values derived from experimental komatiite series basalts with well-characterized fraction-

studies, meet with limited success when large degrees of ation sequences, confirm the proposed "best" values for

olivine crystallization separate the basalts. The calculated , Th. -b"rt,,values refer to published values that appear to be
Ni content of a potential high-MgO parental basalt, for tfr. -ort upp.opriate to basajtic systems, covering'tihe widest
example, is often significantly larger than the measured range of compoiition.
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Table 1. MgO and Ni abundances in komatiites and
estimated degrees of olivine fractionation from

Cawthorn and Mclver (1977)

Olivine removed
(%)

Sample no. Model 1 Model 2
MgO Ni
(wt%) (ppm)

S3

s l 1
s16
s28
ov3
ov4
ov5
SG3
SGSO
VB1
V84
v 1 1
40J
53J
87J
88J
AUS
LV4
LV7

18 .5
15 .8
16 .0
13.7
17.9
13 .6
1 1 . 1
9.8

20.4
22.3

9.8
6.4
8 1

3 1 . 6
23.0
26.6
29.4
9.4

529
407
424
383
512
423
348
169

1102
935
337
179
107
205

1407
862

1203
1 533
210
205

5 1  1 7
55 23
55 23
58 27
52 18
56 27
58 31
60 34
4 8  1 1
4 5 6
56 24
59 34
63 38
62 36
1 7 C
4 3 4
2 E t

2 5 C
60 34
61 3s

l l n

D t o
z
> 1 4
J

- 1 2
z

o
1 0

Note: C : Cumulus-enriched rock.

D",. The partitioning of MgO and FeO in komatiites is
also examined, and equations for Drro and Dr"ofor olivine
are presented that incorporate the results ofJones (1984),
correlating olivine/liquid Ni, MgO, and FeO partitioning.

EvrnnNcn FoR EeUILTBRIUM cRysrALLrzATroN

Presented in Figure 2 and Table I are MgO and Ni
contents of komatiites reported by Cawthorn and Mclver
from the Barberton Mountainland region. Also plotted in
Figure 2 are collected komatiite data of Beswick (1982).
Despite the fact that these samples are from diferent geo-
logic and geographical localities, Ni abundances are quite
consistent among basalts having similar MgO contents
and exhibit a systematic variation with respect to MgO.
As explained above, Cawthorn and Mclver applied the
data in Table I to a fractional-crystallization equation and
derived D", values that moderately agree with experi-
mental values for high-MgO (>130/0) basalts but differ
significantly from the experimental values determined for
lower-MgO basalts. However, when this same data set is
modeled assuming equilibrium crystallization, D*, values
are calculated that show better agreement to the experi-
mental values over the entire MgO range.

In an equilibrium or Nernst crystallization equation,

ct/c": 111P + f'(l - D)1, (2)

where the variables are defined as in Equation l. By rear-
rangem€nt of Equation 2, D", values can be calculated
from

D: (cJc - n/$ - n. (3)
The determination ofD*, values from Equation 3 employs
Cawthbrn and Mclver's data and assumes that the degregs
of olivine crystallization they reported are reasonable ap-

3 6 9 1 2 1 5 1 8 2 1 2 4 2 1 3 0 3 3 3 6
MsO (PERCENT)

Fig. 1. Otivine/basaltic liquid partition coefrcients for Ni
plotted versus MgO content ofliquid. Literature values are from
Arndt (1977; broken line), Hart and Davis (1978; line) and Caw-
thorn and Mclver (1977; solid symbols). Open symbols calcu-
lated in this study employ komatiite data from Carthorn and
Mclver and an equilibrium-crystallization equation; model I is
based on a 350/o MgO and 2000 ppm Ni primary magma (circles),
and model 2 on a 24o/o MgO and 1000 ppm Ni primary magma
(squares).

proximations. The calculated D* values (plotted in Fig.
l) are inferred to correspond to the equilibrium value for
the evolved basalt. As an example, if sample OV5, which
contains 9.80/o MgO and C: 169 ppm Ni (see Table l),
was derived by 600/o olivine fractionation from a 350/o
MgO and 2000 ppm Ni (c.) primary magma, as proposed
by Cawthorn and Mclver via model 1, then 4 the fraction
of liquid remaining, equals 0.4 and the D* value for a
9.80/o MgO basalt is given by (2000/169 - 0.4)/(l - 0.4)
or D*, : 19. I via an equilibrium approach. Alternatively,
if sample OV5 was derived from a 24o/oMgO, 1000 ppm
Ni primary basalt by 340lo olivine fractionation (model 2),
then.F equals 0.66 and D*, equals (1000/169 - 0.66)/
(l - 0.66) or 15.5. As seen from Fig. l, the trend toward
large D*, values (> l2) for low-MgO basalts (<90/o) indi-
cated by various experimental studies (Irving, 1978) is
supported by these calculations. Based on this general
agreement between experimental and ernpirical values, it
is suggested that an equilibrium-crystallization equation
should be applied to the partitioning of Ni between olivine
and basaltic magmas. Comparisons of calculated to ob-
served Ni versus MgO variations in several komatiite
series basalts validate this suggestion. There is, however,
strong supportive evidence that equilibrium conditions
are usually maintained between cumulate olivines and
their host basalts during crystallization. A diffusion study
of Hart (1981) indicates that Ni, Mg, and Fe, as well as
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Fig.2. Ni versus MgO abundance data in komatiites. Data

represented by o are from Cawthorn and Mclver (1977); data
represented by " are from Beswick (1982).

Co and Mn, will re-equilibrate between the olivine phase
and magma to relatively low temperatures (1075-1200'C)
provided that the magma chamber is moderately large
(> 300 m in diameter) and the cooling rate is low (< 106
t/m.y.). Such cooling rates would be applicable in the
magma chambers of most terrestrial basalts.

Appr,rclrroN oF EeuILrBRruM cRvSTALLIZATIoN To
NATURAL BASALTS

In order to compare the Ni variations calculated from
an equilibrium-crystallization model to those measured
in olivine-controlled basalts, appropriate olivine/liquid
partition coefficients for Ni and a reasonable estimate for
the degree of olivine crystallization are required. Least-
squares fitting of D*, versus MgO abundances on two of
the more widely accepted data sets for D", (presented in
Fig. l) gives the following equations:

D*,: l ls/(wto/o MgO) - 2.1, (4)

based the data reported by Arndt (1977) and,

D*,:l24/(trrtolo MgO) - 0.9, (5)

as given by Hart and Davis (1978).
The study by Jones (1984) showing the linear correla-

tion of molar Mg versus Fe, Mn, and Ni olivine/liquid
partition coefficients, coupled with the results suggested
by this study and the difi.rsion study of Hart (1981), im-
plies that MgO variations can also be modeled with an
equilibrium equation. The equation presented by Jones
conelating molar NiD values with molar MeD values (ND :
3.92-"D - 5.30) are combined with Equations 4 and 5
(since molar-ratio partition coefficients will be propor-
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; ;
culated Ni versus MgO liquid lines of descent based on an equi-
librium-crystallization equation, a 32o/oMgO and 1750 ppm Ni
primary magma (asterisk), and partition-coefrcient data of Arndt
(1977; solid circles and broken line; Eqs. 4, 6) and Hart and
Davis (1978; solid squares and solid line; Eqs. 5, 7).

tional to the weight-ratio values for a given olivine and
basalt composition) to give

D-"o:29.34/(wto/o MgO) + 0.82 (6)

when combined with Equation 4 (Arndt) and

Dr,o: 31.6/(wto/o MgO) + 1.12 (7)

when combined with Equation 5 (Hart and Davis).
Although alternative methods are available for deter-

mining the degree of olivine crystallization (e.g., varia-
tions in elements incompatible with olivine, Fe-Mg par-
titioning), it is suggested that the equilibrium-
crystallization Equation 2, the MgO abundances of end-
member basalts, and the Drro values from Equations 6 or
7 can be used for this estimate. Thus, the fraction of liquid
remaining, F, is given by (c"/C - D)/(l - D). In this
approach, for each value of F determined, C for Ni in the
evolved magmas is calculated and compared to the mea-
sured Ni abundance in the komatiite basalt series.

The calculated liquid lines of descent from a primary
magma composition arbitrarily containing 320lo MgO and
1750 ppm Ni are illustrated in Figure 3. As seen from the
figure, both the Arndt and the Hart and Davis data sets
are internally consistent and produce the Ni versus MgO
trends observed in komatiites when applied to an equi-
librium-crystallization equation. However, evidence that
the D", values of Arndt are more geologically valid is
found in the calculated cumulate-olivine compositions.

Estimates of Ni and MgO abundances in cumulate ol-
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ivines derived from komatiite series basalts are calculated
by multiplying the Ni and MgO contents of the basalt
times the respective olivine/liquid partition coefficients.
The cumulate-olivine compositions calculated for the se-
lected intermediate basalts in Figure 3 (solid circles and
squares) are presented in Table 2. If mantle-derived oliv-
ines containing -3800 ppm Ni represent an upper limit
to the Ni content in cumulate olivines, then the data set
of Arndt appears to be the better one. The calculated Ni
content for an olivine crystallizing from the 27o/o MgO
intermediate basalt in this example is 2. 16 x 1390 or
-3000 ppm Ni on the basis of the Arndt data set, whereas
the Hart and Davis values indicate that such olivines
contain 3.69 x 1270 or -4700 ppm Ni. Additional sup-
port for the D", values of Arndt is also found in the cal-
culated MgO content of cumulate olivines. The MgO
abundances (47 -52o/o) estimated for olivines crystallizing
from the high-MgO basalts (>22o/o) by using the Dr*
partition coefficients derived from Arndt's data are more
comparable to observed olivine compositions (Deer et al.,
1966) than the MgO abundances (56-620/o) determined
by using the Hart and Davis data.

Empirical partition coefficients for N| MgO, FeO, and
MnO are also examined in komatiite series basalts for
which independent methods are available for determining
the degree of olivine crystallization. For example, an ap-
proximate value for the fraction of liquid remaining in
the evolution of l0 Barberton aphyric komatiite series
basalts (Table 3) reported by Smith and Erlank (1982) is
obtained from the mean ratios ofthe olivine-incompatible
elements TiOr, AlrOr, and CaO between a primary magma
and an evolved basalt since C/ c" x' l/F when D = 0. The
primary magma assumed for this komatiite series contains
0.26o/oTiOr,2.9o/o AlrOr, 10.50/o FeO, 0.170lo MnO, 35.00/o
MgO,4.7o/o CaO, and 2050 ppm Ni and is similar to the
composition proposed by Smith and Erlank. The indi-
vidual and mean ,F values for each of the basalts are
presented in Table 3. In this approach, the calculated
empirical D"i, Dueo, Dr"o, and Drno values assuming equi-
librium crystallization are compared to the experimental
D values derived from the Arndt data set (Eqs. 4 and 6)
and the equations presented by Jones (1984) correlating
FeO and MnO partition coefficients with Drro:

Do.o: 0.277D*"o + 0.126 (8)

and
Du"o : 0.225DME, + 0.073. (g)

As indicated in Table 3, the empirical olivine/liquid D,,
values for these high-MgO basalts (>260/o) compare fa-
vorably with the experimental values of Arndt. The em-
pirical olivine/liquid D*"o, Dr"o, and D*"ovalues are also
similar to the values calculated by using Equations 6, 8,
and 9. The disagreement between the empirical and ex-
perimental D*,values for samples HSS-95, HSS-88A, and
HSS-88C, coupled with the variation in the estimated,F
values, indicates the participation of an additional crys-
tallizing phase in the evolution ofthese three basalts. The
higher .F values calculated from TiO, and AlrO. abun-
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Table 2. Estimated MgO and Ni abundances in intermediate
magmas evolved lrom a 32h MgO, 1750 ppm Ni

orimarv basalt

lntermediate
magmas

Cumulate
olivines

MgO Ni
F D,no D", (Y"l (ppm)

MgO Ni
(%) (ppm)

HD 27 1270
22 840
1 7  5 1 0
12 290
7 135

27 1420
22 94s
t /  c o c

12 305
7 135

0.86 2.29
0.71 2.56
0.55 2.98
0.40 3.76
0.23 5.64
0.80 1.91
0.60 2.15
0.43 2.55
0.27 3.27
0.11  5 .01

3.69 61.8 4690
474 56.3 3980
6.39 50.7 3265
9.43 45.1 2725

16.8 39.5 2235
2.16 51.6 3070
3.13 47 .3 2960
4.66 43.4 2630
7.48 39.2 2280

14.3 35.1 1930

A/ote.'Values derived from Equation 2 and DMso and D"' values of Hart
and Davis (HD, 1978) and Arndt (A, 1977). F: Fraction of liquid remain-
Ing.

dances compared to CaO suggest spinel crystallization,
since spinel has a higher affinity for Ti and Al than for
Ca (Deer et al., 1966).

Finally, the olivine-incompatible rare-earth elements
(REE) also provide a method for calculating the fraction
of liquid remaining following olivine crystallization. For
the Tipasjarvi komatiite series basalts (Table 4) with strong
light REE{epleted patterns, Auvray et al. (1982) pro-
posed a crystallization model between a primary magna
(sample 5834) containing2T.2o/o MgO and 1100 ppm Ni
with average heavy REE =4x (times chondritic values)
and sample S83l (15.90lo MgO, 650 ppm Ni, and
HREE t6 x) and samples S8l8 and 5828 (average :7.4o/o

MgO, : I l0 ppm Ni, and HREE = I1.8 x). Althoueh cli-
nopyroxene (cpx) and/or spinel are reported as additional
crystallization phases in the evolution of the 7.4o/o MgO
basalt, the value determined for -F based on diferences
in HREE abundances is virtually identical to the value
calculated from MgO abundances and partition coeffi-
cients, Equation 6, and an equilibrium equation. This
agreement suggests that olivine is the dominant cumulate
phase in the evolution of these basalts. Assuming, how-
ever, that the proportion of phases crystallizing is -800/o

olivine * l0o/o cpx * 100/o spinel, a value of -F: 0.32 is
required on the basis of partitioning of the HREE. The
MgO and Ni contents calculated for the evolved basalt
from Equation 2, a value of F: 0.32, D'.o: 3.0 for cpx
and spinel, D", : 8 for cpx, and D*, : l3 for spinel (Irving,
1978) are 7.9o/o and 114 ppm, respectively. These abun-
dances are comparable to the measured abundances of
7 .4o/o MgO and I l0 ppm Ni and support an equilibrium
model. On the basis of the difference between the calcu-
lated and measured Ni abundances for sample 5831, it
can be suggested that this sample is not comagmatic with
the proposed primary magma. The difference in chon-
drite-normalized Ce/HREE ratios between sample S83l
(0.58) and those of both the primary magma (0.70) and
the 7.4o/o MgO basalt (0.70) supports this conclusion.
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Tabfe 3. Comparison of experimental and empirical Dr"o, Drno, D"no, and D* values based on Barberton Mountainland
komatiites* and an equilibrium-crystalliztion equation

1341

HSS
88C

HSS HSS HSS HSS HSS
109 15 14 87 523

HSS HSS HSS HSS
89 90 95 88A

Tio,
Alro3
FeO
MnO
Mgo
CaO
Ni

Tio,
Al,o3
CaO

Mean

o.74
u. /o
0.78
0.76

o.74
0.38
1 . 6
1 . 5

0.62
o47
1 . 8
1 .63

0.38
4.O

11.2
0. ' t7

29.4

1 696

1.66
1 . 7

0.41
4.5
1 1  . 7
0.20

27.0

1 375

0.50
1 . 9
2 .16

0.67
0.69
0.57
0.64

o.72
0.58
1 . 9
2.2

0.59
0.64
0.61

0.59
0.51
1 . 9
1 . 9

0.60
0.63
0.52
0.58

0.76
0.46
1.95
2.36

0.67
0.71
0.47
0.61

0.95
0.86
2 . 1 6
3.0

o.28 0.33
3.1 3.4

1 1 . 2  1 1 . 1
0 . 1 7  0 . 1 9

329 31 .5
4.8 5.7

2001 2095

0.93 0.79
0.93 0.85
0.98 0.82
0.95 0.82

(1 .0)
2.3
1 . 5

0.60
0.46
1 . 7
1 . 4

0.61
o.47
1 .75
|  .cc

0.35 0.35
3.8 3.6

11.2 12.2
0.20 0.20

30.8 30.6
6.0 5.5

1833 1579
6.5 7.9

0.39 0.27
4.2 4.9

11.7 12.5
0.20 0.21

26.1 25.7
8.3 7.4

1426 1499

0.43 0.39
4.6 4.1

11.7 10.7
0.22 0.18

25.0 24.1
9 .1  10 .1

1305 1145
F(fraction of liquid remaining) values based on:

o.74 0 68 0.63
0.64
0.59
0.62

Empirical partition coefficients:"
(0.3) 0.78
(0.25) (1.0)

0.73
0.61
1 . 8
2.3

Experimental partition coefficients:f
0.62 0.635 0.65

0.80 0.73
0.85 0.72
0.80 0.71

0.69 0.70
0.52 0.53
2.0 2.0
2.5 2.7

0.70
0.42
1 6

Dr.o
D"no
D"no

D*o
D"no
D"no
n

1 . 7
z .c

o.47
1 . 8
1 .66

0.48
1 8
1 . 8 1

0.66 0.68
0.51 0.51
1.94  1 .96
2.3 2.4

- Smith and Erlank (1982). Abundances in percent, except Ni (ppm). Primary magma: TiO,: 0.26, AbO3:2.9, FeO : 10.5, MnO : 0.17, MgO:
35.0. CaO : 4.7. Ni : 2050.

-- Calculated from mean Fvalue and an equlibrium-crystallization equation (Eq.2).
t Calculated from Equations 4, 6, 8, and 9.

CoNcr-uorNc REMARKS

The difficulty in modeling Ni abundances in olivine-
controlled basaltic liquids may be largely a problem of
selecting the appropriate crystallization equation rather
than the appropriate partition coemcients. Nevertheless,
Ni, MgO, and FeO abundances in komatiite series basalts
and cumulate olivines appear to be more accurately mod-
eled using an equilibrium-crystallization equation and
experimental olivine/liquid partition coefrcients that are
derived from natural basalt systems. If an equilibrium-
crystallization equation is correct for modeling other ol-

Table 4. Comparison of estimated degrees of olivine
crystallization and Ni abundances in

Tipasjarvi (Finland) komatiites

ivine-controlled basalts, then unique primary magma
compositions cannot be calculated using Ni abundance
variations since it can be shown that MgO versus Ni liquid
lines of descent from primary basalts containing l0 to
250lo MgO are virtually identical. Petrogenetic models that
employ a fractional-crystallization equation to constrain
primary magma compositionsbased on MgO andNi con-
tents may require re-evaluation. Although quantitative

Table 5. Estimates of MgO and Ni abundances in primary and
intermediate magmas an-d Ni abundances in cumulate

olrvrnes

Primary magmas
tc.l

Intermediate magmas
lc'l

Cumulate
olivines

[D"' x c']
Ni (ppm)

MgO Ni F
(wt%) (ppm) ("/")

MgO Ni
(wt%) (ppm)

MgO (wto/")
Ni (ppm)
HREEN
(Ce/HREE)"

Duqo
D",
F
MgO (wt%)
Ni (ppm)

Ni (ppm)

15.9  7  .4
650 110

6 . 0  1 1 . 8
0.58 0.70
2.67 4.78
5.1  13 .4
0.67 0.34

17.2 7.4
440 111

0 57 0.29
398 112

s81 8,
s831 5828 Method of calculation

Eq. 6
Eq. 4
HREE ratios (primary/evolved)
Eq. 2 and Ffrom HREE ratios
Eq. 2 and Ffrom HREE ratios
Eqs.2 and 6 and MgO abundances
Eq. 2 and Ffrom MgO contents

Nofe; Calculations use REE and MgO data and a primary magma with ' F: percentage of liquid remainrng.
27.2o/oM}O,1100 ppm Ni, and HREE : 4 x chondrites. F: Fraction of ** Average Kilauean low-Mgo basalt: 8% MgO, 165 ppm Ni (Leeman
liquid remaining. et al., 1980).

10.0 280 97
8.0 165 90--

12.0 390 94
10.0 260 87
8.0 165 80.-

14.8 565 94
12.5 390 86
10.3 260 78
8.0 165 70--

17.5 750 94
15.1 530 84
12.8 375 76
10.4 255 68
8.0 165 60-.

10.8 350

13.6 540

72516 .4

19.2 9 1 0

2630
2025
291 0
2430
2025
3225
2775
2370
2025
3385
291 0
2600
2300
2025
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predictions remain diftcult, an alternative approach that
employs the measured Ni content in phenocryst olivines
is suggested to constrain the compositions of primary
magmas. For example, olivines ranging in composition
from2525 ppm Ni (Gunn, l97l) to as high as 3400-3600
ppm Ni (Leeman and Scheidegger, 1977) have been re-
ported in 6-100/o MgO Kilauean basalts. On the basis of
average MgO and Ni contents of 80/o and 165 ppm, re-
spectively, in Kilauean lavas (Leeman et al., 1980), the
MgO and Ni contents of possible primary magmas, in-
termediate magmas, and olivine-cumulate compositions
are calculated from Equations2,4, and 6. The results for
hypothetical primary magmas containing 10.80/o MgO ( I 0o/o
olivine fractionation), 13.60/o MgO (200lo), 16.40lo MgO
(300/o), and 19.2o/o MgO (400/o) are presented in Table 5.
These calculations suggest that the olivines found in Ki-
lauean magmas containing 2525 ppm Ni are capable of
being derived from a 100/o MgO parent magma, whereas
the olivines containing 3400-3600 ppm Ni must have
been derived from a primary or near-primary magmawith
> 190/o MgO. Similar calculations based on an 8.70lo MgO
and 150 ppm Ni East Pacific Rise basalt (Hebert et al.,
1983) indicate that megacryst olivines with 2200 ppm Ni
were derived from a l0o/o MgO basalt and the Fon, olivines
containing 2800 ppm Ni were derived from an -130lo
MgO primary magma.
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