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The ordinary chondrites comprise 80% of the meteorites
The high occurrence on earth of ordinary chondritic that are observed falling to the earth. Last century, during
meteorites and the making of models based upon assu-the 1970s, the widely cited ‘equilibrium condensation
mptions has led to some confusion about the origin of model’ was predicated on the assumption that minerals
ordinary chondrites and their role in planet formation.  characteristic of ordinary chondrites formed as condensate
Major element fractionation among chondrites has from a gas of solar compositibia However, Herndon and
K)/IeenEgI?ggssirS]Ed f?r declatqestasFraltlosa retlatlve to Sll O'Suest® demonstrated from thermodynamic considera-
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g(:{t\zhlrp:];irg:;[ttgnsg ;?: ggfif/glgjlt}/rérrﬁttv?/:)dl(r:]c?rrr?pgrr}gg;s ordinary chondrites was consistent instead, with their

one is a relatively undifferentiated, primitive component, formation from a gas phase depleted in hydrogen by

oxidized like the CI or C1 chondrites; the other is a @ factor of about 1000 relative to solar composition.
Subsequently, the present autfoshowed that if the
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could exist in equilibrium with a gas of solar composidefined straight lines. Figure 1 shows that the major rock-
tion, it was at most only at a single low temperature, if drming elements (Fe—-Mg-Si) of individual chondrites
all. Moreover, oxygen depletion, le¢give to solar matter within a particular class of chondrites are related in a
was also required, as might be expected from the reslatively simple way, as indicated by the fact that data-
evaporation of condensed matter after separation from gmints for members of the respective classes scatter about
lar gases. well-defined straight lines. For ordinary chondrite forma-

For the past 15 years or so, concomitant with the déen, two interpretations are possible: (1) the traditional
velopment of micro-analytical techniques, there has beerbae-component system and (2) the two-component system
marked disinterest in making systematic whole-rockresented here.
analyses of chondrites. Instead, advances in micro-One-component system: For decades, without the benefit
analytical capability have led to increasing focus on indof the well-defined straight-line relationship shown in
vidual chondrite grainé. Such micro-analytical studies, Figure 1, differences in major element compositions of
for example, Marhas and Goswatiprovide a plethora ordinary chondrites have been ascribed to ‘metal-silicate
of rich and diverse detail. The present communicatioffiractionation*®>2°?! According to this view, points that
rather than focusing upon mineralogical detail, is basd@ along the ordinary chondrite line of Figure 1 may be
entirely on whole-rock analytical data expressedties. considered as the result of simple addition or subtraction

The abundances of elements in chondrites are expreseédton metal from its parent material of unspecified ori-
in the literature as ratios, usually relative to silidg#Si) gin. This view, however, does not explain in a logical,
and occasionally relative to magnesiugyiMg). Express-
ing the Fe—Mg-Si elemental abundances as ratiative
to iron E/Fe) leads to a relationship bearing on the ori 43
gin of ordinary chondrites. This relationship admits th
possibility that each ordinary chondrite consists in th
main of a mixture of matter from two distinct and reasc
nably well-characterized reservoirs. The relationship olé
tained suggests the possibility that the complement of Ic% ™
elements of Mercury may comprise one of the two congz‘s
ponents from which ordinary chondrites appear to hay g
been derived.

Only three major rock-forming elements, iron, magnesiu
and silicon, together with combined oxygen and sulphu
account for at least 95% of the mass of each anhydrc .
chondrite and, by implication, each of the terrestrial planet gs4-— A
Figure 1 presents published analytical whole-rock Fe 0.5 10 15 2.0 25 3.0 3.5 40
Mg-Si data for 206 chondrites, expressed as molar (ato..., Molar Ratio Mg/Fe
ratios with respect to _'ron (Mg/Fe _VS S_I/Fe)' Major eleI-:igure 1. Molar (atom) ratios of Mg/Fe and Si/Fe from analytical
ment data for chondrites appear in Figure 1 to scatt@fta on 10 enstatite chondrites, 39 carbonaceous chondrites5and
about three distinct, least squares fit, straight lines whefglinary chondrites. Data from refs 9, 10 and 27. Members of each

. chondrite class dataset scatter about a unique, linear regression line in-
plotted as three separate datasej{S based _Upon_majo_r Cr@l%t’ed by dashes. Locations of the volatile-rich Orgueil carbonaceous
drite classes. The three well-defined straight lines, indéhondrite and the volatile-rich Abee enstatite chondrite are indicated.
cated by dashes in Figure 1, arise as a result of expreséih‘ intersections A and B are designated respectively as primitive and

. . . . lanetary components. Error estimates of points A and B are indicated
ratios relative to Fe; chondrite data EXpressed as ratﬁ?ﬁsolid-line parallelograms formed from the intersections of the stan-
relative to Si or Mg, in the usual manner, will not yieldiard errors of the respective linear regression lines. (Inset) Standard
three well-defined straight lines, as shown in Table 1. error parallelogram of point A shown in expanded detail.

The existence of three well-defined straight lines for
the three sets of chondrite data (Figure 1) is evident visuatlyble 1. Square of the correlation coefficient of each of the least
(note the expanded detail of the inset) and is demognuares fit lines for data of Figure 1 as ratios relative to iron, silicon
strated statistically both by the squares of the correlatiGfd magnesium. Note that thre_e we_ll-defined Iings occur only in the

. . case of ratios with respect to iron
coefficients and by the standard error of the least squares
regression lines. The standard errors of estimate, calcula- Coordinates
ted for each of the least squares fit straight lines, are
shown in Figure 1 only in the two regions of intersection
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of the lines. Intersections of the standard errors of the ré&sstatite chondrite line 0.973 0.505 0.663
pective least squares regression lines inscribe parallefdinary chondrite line  0.990 0.264 0.175
grams, shown in Figure 1 by solid lines, and arg"’l‘ir:g”aceous chondrite  0.814 0.005 0.250

indicative of relatively modest variances, and thus well-
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and causally related manner, their ubiquitous, systemation of ordinary chondrite parent formation. In other
depletion of refractory siderophile elements. words, differences in compositions of individual ordinary
Two-component system: The well-defined straight-linehondrites result primarily as a consequence of being
relationship shown in Figure 1 admits a different interfformed from different proportions of their two parent
pretation of ordinary chondrite formation as the result afomponents, defined here as primitive and ptary. One
mixing from two distinct reservoirs. Significantly, in Fig- should note that the nomenclature employed here should
ure 1 the ordinary chondrite line intersects both the enstatitet be confused with similar terms utilized in the litera-
chondrite line and the carbonaceous chondrite line in there, perhaps with somewhat different meanings.
manner shown. As a consequence, data for the three maThe Mg/Fe and Si/Fe ratios of the primitive component
jor elements (Fe, Mg and Si) of each ordinary chondritean be read from the intersections of the straight lines in
can be interpreted as lying along a mixing line and cor~igure 1 or by simultaneous solution of equations for the
sisting of a mixture of two components. One componerarbonaceous and ordinary chondrite straight lines with
is defined by the intersection of the ordinary chondritelopes ang-intercepts determined from the least squares
line and the carbonaceous chondrite line, designated Afit
Figure 1 and called primitive. The other component is de-
fined by the intersection of the ordinary chondrite line Primitive [Mg/Fe, Si/Fe] = [0.9200, 0.9622]. D
and the enstatite chondrite line, designated B in Figure 1
and called planetary. Elements of the primitive sourcgmilarly, the Mg/Fe and Si/Fe ratios of the planetary
were not previously separated from one another apprec@mponent can be read from line intersections in Figure 1
bly, like the Orgueil chondrite, whereas the planetargr by simultaneous solution of equations for the enstatite
source had previously suffered loss of iron metal from @nd ordinary chondrite straight lines with their respective
different primitive-like parent matter, presumably duringlopes ang-intercepts:
proto-planetary core-formation. An important distinction
in the two-component system is that the loss of iron metalPlanetary [Mg/Fe, Si/Fe] = [3.0956, 3.4041]. (2)
occurs not in the case of each ordinary chondrite sepa-
rately, but in the planetary reservoir component prior tAny representative ordinary chondrite can be represented
and perhaps in a different region of space from the locas a mixture of the primitive and the planetary compo-
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Figure 2. Examples of ordinary chondrite whole-rock molar (atom) ratios of elements relative to iron as a function of
the planetary fraction. The square of the correlation coefficient for each of the linear regression lines is asdpllows: (
Ca, 0.886;1f) Al, 0.845; €) Eu, 0.954; ¢) Os, 0.846. From analytical data of (Ca and’Alyd (Eu and O8J.
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nents. Using egs (1) and (2) and defining the primitivene might anticipate similar enrichment in other silicate-
fraction aK and the planetary fraction as (K} the mo- forming elements with corresponding deficiencies for

lar Mg/Fe ratio of any ordinary chondrite is iron and for the siderophile elements that dissolve in iron
metal (Tables 2 and 3).
[Mg/Fe] = 0.920& + 3.0956(1 K). 3) The approximately sevenfold greater depletion within
the planetary component of refractory siderophile elements
Similarly, (Ir and Os) than other more volatile siderophile elements
(Ni, Co and Au) indicates, in at least one instance, that
[Si/Fe] = 0.962K + 3.4041(1 K). (4) planetary-scale differentiation and/or accretion progressed

in a heterogeneous manner. The idea of heterogeneous

The value ofK calculated for any particular ordinaryproto-planetary differentiation and/or accretion is not
chondrite from the ratio [Mg/Fe] differs only by a smallnew. For example, Euck&nsuggested core formation in
amount from the corresponding valuekotalculated using the terrestrial planets as a consequence otessive
the ratio [Si/Fe]. With the intent of smoothing analyticatondensation on the basis of relative volatility from a hot,
fluctuation, an average of the two values was assignedgaseous proto-planet, with iron metal raining out at the
the primitive fractionK of each ordinary chondrite; the centre. Turekian and Clatkreiterated the idea of hetero-
planetary fraction being (1 k). geneous accretion in the context of a lower pressure,

The above approach is justified for the specase of lower temperature model.
Figure 1 because Fe, Mg and Si (together with combinedThere are reasons to associate the highly reduced matter
O and S) account for at least 95% of the mass of eachenstatite chondrites with the inner regions of the solar
chondrite and are fully condensable over a wide variegystem: (1) The regolith of Mercury appears from reflec-
of conditions. Minor and trace element compositions dince spectrophotometric investigatith® be virtually
the primitive and planetary components cannot be obtainddvoid of FeO, like silicates of enstatite chondrites (and
in the same manner, but estimates can be derived framlike silicates of other types of chondrites); (2) E-type
correlations, provided the elements are fully condensabéeateroids (on the basis of reflectance spectra, polarization
and are not readily exchanged with an ambient gas phased albedo), the presumed source of enstatite meteorites,

Ordinary chondrite analytical data for many minor andre, radially from the Sun, the innermost of the astetbids
trace elements appear to correlate or to anti-dgeith  (3) Only the enstatite chondrites and related enstatite
the planetary fraction as shown in Figure 2. Estimates athondrites have oxygen isotopic compositions indistin-
the ratioE;/Fe of the primitive and planetary componentsguishable from those of the earth and the nfand (4)
obtained from the linear least squares regression linefindamental mass ratios of major parts of the earth (geo-
the ordinary chondrite data as in the examples of Figurg®ysically determined) are virtually identical to corres-
are given in Tables 2 and 3. ponding (mineralogically determined) parts of certain

The planetary component relative to iron is enricheenstatite chondrites, especially the Abee enstatite chon-
approximately threefold in magnesium and silicon comdrite®®*2
pared to the primitive component. Such enrichment in The high bulk density of Mercury indicates that much
silicate-forming elements suggests that the planetao§ the silicate matter for the upper portion of its mantle
component is derived from the outer regions of a partiallyas lost at some previous tifm& | suggest that some
differentiated proto-planet. For the planetary componentatter from the proto-planet of Mercury became the

Table 2. Estimates of elemental (molar) abundance ratios of the primitive and planetary components of ordinary chondrites for

all applicable elements available from the data of Jaroséwidr convenience, the square of the correlation coefficient for the

relevant linear least squares regression line is shown in parenthesis. For comparison, corresponding elemental abundasce ratios
shown for the Orgueil carbonaceous chondrite and the Abee enstatite chondrite

Element ratio Planetagomponent B Primitive component A Ratio B/A Orgueil chondrite Abee chondrite
Mg/Fe (0.997) 3.0914 0.9217 3.35 1.19 0.82
Si/Fe (0.997) 3.4086 0.9609 3.55 1.08 1.11
Ca/Fe (0.886) 0.1715 0.0480 3.57 0.0802 0385
Al/Fe (0.845) 0.2197 0.0686 3.20 0.0956 022
Ni/Fe (0.324) 0.0264 0.0648 0.41 0.0562 0956
Ti/lFe (0.629) 0.0074 0.0023 3.22 0.0018 om4
Mn/Fe (0.807) 0.0237 0.0070 3.39 0.0140 o7
Na/Fe (0.630) 0.1562 0.0400 3.91 0.0673 0663
Cr/Fe (0.755) 0.0331 0.0113 2.93 0.0105 oar5
Col/Fe (0.073) 0.0017 0.0029 0.59 0.0027 0026
K/Fe (0.452) 0.0112 0.0031 3.61 0.0045 0@B9
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Table 3. Estimates of elemental (molar) abundance ratios of the primitive and planetary components of ordinary chondrites for applicable

trace elements from the data of Kallemeytral?°. The planetary fraction of each chondrite is calculated from the equation of line intersec-

tion, obtained from Figure 1, using the individual ordinary chondrite molar Mg/Fe ratio. For convenience, the square reflatierc@o-

efficient for the relevant linear least squares regression line is shown in parenthesis. For comparison, correspondirigablemantze

ratios are shown for the Orgueil carbonaceous chondrite and the Abee-like Kota—Kota enstatite chondrite from the dataewf Katlem
Wassof®. Kota—Kota data are used here because Abee was not included in this analytical suite

Element ratio Planetary component B

Primitive component A Ratio B/A

Orgueil chondrite Abee-like Kota—Kota chondrite

Sc/Fe (0.958) 9.235E-05 2.823E-05
VIFe (0.973) 7.373E-04 2.341E-04
Zn/Fe (0.763) 3.549E-04 1.171E-04
GalFe (0.784) 3.264E-05 1.525E-05
La/Fe (0.936) 1.142E-06 3.490E-07
Sm/Fe (0.941) 6.442E-07 2.058E-07
Eu/Fe (0.954) 2.459E-07 8.055E-08
Yb/Fe (0.955) 6.506E-07 1.891E-07
Lu/Fe (0.958) 9.219E-08 2.954E-08
Au/Fe (0.733) 1.212E-07 2.443E-07
Os/Fe (0.846) 8.090E-08 1.035E-06
Ir/Fe (0.838) 6.567E-08 9.575E-07

3.27 3.944E-05 2.466E-05
3.15 3.415E-04 2.087E-04
3.03 1.475E-03 8.447E-04
2.14 4.332E-05 4.627E-05
a.27 5.053E-07 3.499E-07
3.13 2.780E-07 1.678E-07
3.05 1.165E-07 6.806E-08
2.44 2.945E-07 1.793E-07
2.12 4.186E-08 2.483E-08
C.50 2.386E-07 3.182E-07
0.078 7.862E-07 851&-07

0.069 7.240E-07 058E-07

planetary component of the ordinary chondrites, presuma-
bly separated at the time of the core formation of Mercur
through dynamic instability and/or expulsion during the,
sun’s initially violent ignition and approach toward ther-
monuclear equilibrium. 3.
The planetary component of the ordinary chondrites
lies along the differentiated portion of the enstatite chondrité"
line in Figure 1 and is therefore expected to be highly rey
duced, like Mercurdf. Moreover, despite great uncertain-
ties, the relative masses involved are all consistent witlé.
the possibility that the complement of lost elements of
Mercury became the planetary component of ordinar
chondrite formation, re-evaporated together with a more"
oxidized component of primitive matter, ending ups.
mainly in the region of the asteroid belt, the presumed
source region for the ordinary chondrites. Such a picturé:
would seem to explain for the ordinary chondrites, their
major element compositions, their intermediate states gf
oxidation, and their ubiquitous deficiencies of refractory
siderophile elements. 11.
On the supposition that the complement of lost elements
of Mercury is in fact identical to the planetary componeny,
of ordinary chondrite formation, | have estimated, as a
function of the core mass of Mercury, the total mass af.
ordinary chondrite matter originally present in the solar
system. Although the mass of Mercury is well known, it34-
moment of inertia, and hence its core mass are not. For1
core mass of 75%, the calculated total mass of ordinary
chondrite matter originally present in the solar system
amounts to 1.8% 10**kg, about 5.5 times the mass of16.
Mercury?®. That amount of mass is insufficient to have

formed a planet as massive as the earth, but may hﬁt\ée Herndon, J. M., Reevaporation of condensed matter during the

contributed significantly to the formation of Mars, as we
as adding to the veneer of other planets, including earth.
Presently, only about 0.1% of that mass remains in the as-
teroid belt.
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blockage on the Southern Indian Ocean studies suggest that the ITF transport varies by as large as

+4 Sv (1 Sv = 10m%s) with the phase of El Nino- South-

ern Oscillation (ENSO) (maximum ITF transport during

. * H
X'ng PK:rzgaer Paanr:jdleylvl’ \Ch%r;gthatt, La-Nina and minimum during El Nint) and lags the
. C. y - M. L. ENSO cycle by 8-9 month's

K. Banerjee Centre of Atmospheric and Ocean Studies, In a unique study using a coupled ocean—atmosphere
Institute of Inter-Disciplinary Studies, University of Allahabad, model. Schneidéf has shown the effect of ITF on the
Allahabad 211 002, India y O , , ,

I oceanic circulation and thermocline depth in the 10 and
The present Study deals Wlth the numerica' Simulation around Austl’alia. ThIS Study ShOWS that the ITF inCI’eases
of the Indonesian throughflow (ITF) via three major the surface temperature in the eastern 10. It also reduces
passages, namely Lombok strait (1PE, 8°S), Savu surface temperatures in the equatorial Pacific Ocean and
strait (122°E, 9°S) and Timor strait (128°E, 11°S), its  shifts the warm pool towards west, i.e. eastern 10. This
seasonal variability and impact on the sea surface pa- self-control on the sea-surface temperature affects the
rameters due to its blockage. The model is initialized atmospheric pressure in the entire tropics and mid-
with ”][e LEVItU£§94 ch:jnatc;_loggm? lgatasedt _fofr a”%“g' latitudes via atmospheric tele-connections. Numerical
mean temperature and salinity Tields, and IS Torcea by - qimy|ations also suggested that the ITF transport signifi-
;hned Sﬁgﬁg?ﬁq;ﬁngnﬁeﬂ&ggﬁ?ﬁ \?v?ngllc\i/:ta?s'\élg 1.?3: cantly contributes to the Eastern 10 circulatibriThe
spin-up of the model has been carried out sepa'rately magnitude and variability of the Pacific and Indian Ocean
for open and closed Indonesian channels using both (PACIO) throughflow for acpurate determlna_non of the
the surface wind climatologies. Numerical simulations Mass, heat and salt fluxes in the PACIO region was also

confirm that the ITF is mainly towards Indian Ocean emphasized earligt**’. Godfrey®discussed several as-
in a year. It has been observed that surface winds pects of ITF effects on the PACIO circulation and its im-

have an impact on the phase as well as magnitude ofpact on the surface heat flux of the 10.

the ITF. The net effect of blockage is reduction in  The present study aims to carry out sensitivity studies
with the Princeton Ocean Model (POM) to see the impact
of ITF on the dynamics of the Southern Indian Ocean
*For correspondence. (e-mail: vivekkpandey@rediffmail.com) (S10) and variability of the ITF.
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