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Although serpentineisaubiquitousmineral kimberlites,
its origin remains controversial. Some petrdogists
claim that al serpentineis secondary and produced by
the introduction of externally-derived fluids, whereas
others suggest that serpentine is a primary minerd
formed mainly from deuteric fluids. To date the only
investigaionsof the isotopic compodtion of kimberlite
serpentine have been by bulk analysis of samples that
have undergone subaeriad dteration, and hence
undoubted interaction with meteoric water.

As previous studi es havefailed to resol ve the serpentine
genetic problem, an investigation of the isotopic
composi tion of oxygen in kimberlite serpentine/chlorite
using SIMS wasinstigated. Serpentine and chlorite in
kimberlites occurs as. (1) pseudomorphic retrograde
lizardite and chloriteafte primary olivine (2) late stage
primary serpophiticserpentine; (3) prograde serpophitic
serpentine replacing retrograde lizardite (4) chlorite
replacing interdast phlogopitein diatreme zone rocks.
Serpophitic or polygona serpentine is a primary low
temperaturephase that commanly fams monomineralic
segregations in the groundmass of hypabyssal
kimberlites.

In this study the oxygen isotopic compasition of all
varieties of serpentine were detamined in hypabyssal
and diatrame facies kimberlites fram Southern Africa,
Canada and the USA. Data weae acquired using the
Edinburgh Camecaims1270ion miaoprobe usinga~5
nA primary *Cs" beam, and an antigorite ( *°0O = 8.8
%o) standard.

In Iron Mountain hypabyssal kimberlites the 20 of
pseudomarphic marginal and vein serpentine (Fig. 1) is
similar and ranges beween +4.25 and +6.25%.. For
compositionally zoned pseudomorphic marginal
serpenti nes, from Wessdlton (Figs. 2-3) %O decreases
from core-to+im (cores +6.42 to +3.77%. *°O; rims
+2.67 to +0.57%0 *20).

Prograde pseudamorphic sepophite in the Ham West
kimberlites (Figs. 4-6) rangesin O from +4.14 to -
0.50 %o, with segregationary primary serpophite *O
ranging from +1.60 to -1.84%o.

Indiatremezonerocksat L etseng-la-terae (Figs7-9), the
earliest pseudomarphic serpentine/chlorites range in

80 from +5.03 to +3.49%o, laterforming rim and
margina serpentine/chlorites from +4.34 to -1.77%o,
with interclast srpophite from +3.41 to +1.47%.. At
Kao, the earlied pseudomorphicserpentinechlaritesare
relatively unifam in campodtion and rangein *0
from +4.94 to +450%., later rim and marginal
serpentines from +4.92 to +4.78%o, and interclast
serpophite from +6.25 to +3.80%o.

These data show that the kimberlites investigated have
not interacted with large volumes of light meteoric
waters. Similar oxygen isotopic compositions in
hypabyssal and diatreme zones rocks from different
localities certainly predude introduction of meteaitic
water. Thetrendsfrom mantle oxygen to lighter oxygen
are aresult of d@ther fluid compasitional evdution or
very minor introdudion of light water.

Assuming that parental olivine hasaprimary 0 of
about +6%.,. and that this is reduced during
serpentinization by O enrichment caused by reactions
with isotopically lighter water (-10 to - 20%o), at 200-
300°C, in closed o open sygems, then
“water/serpentine” ratioscannot exceed 0.8 at.%. These
data are interpreted to suggest that there was na an
influx of significant wlumes o low temperature
meteoric water as a cause of serpentinization. This
conclusion issupported by theabsenceof extremelylight
oxygen (i.e. O < - 5%o) in all of the serpentines
investigated.



Figure 1. Retragrade pseudomorphic
serpentine replacing olivinemacrocrysts in the
Iron Mountan hypabyssal kimberlite Numbers
indicate analytical pants.

Figure 2. Retrograde pseudomorphic
serpenti ne replaci ng primary olivine micr o-
phenocrysts in Wesselton W7 hypabyssal
kimberlite. Numbers are analytical pants

Figure 3. Core-to-rim variationsinthe
isotopic composition of oxygen versus total FeO
content of serpenti ne replaci ng an olivine micro-
phenocrystin Wesselton W7 hypabyssal
kimberlite. Notethat very light oxygen isnot
present and tha the core o thecrystal contains
oxygen with mantle oxygen compositions.
Serpenti nes decrease in FeO; from coreto rim
of the pseudamorph.
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Figure 4 . Serpophitic segregationary
serpentine (S) in the Ham West
hypabyssal kimberlite Somerse Island
Canada.

Thisisatypical example of |late-stage
primary Povlen-type serpentine.

TEM and Raman spectrometry shows this
to be composed of nanometer size plates
of lizardite

Figure 5 Figure 6

Figures 5 and 6 are crossed polarized light photomicrographs of near-isotropic primary serpophitic serpentine in
theHam West hypabyssal kimberlite. Numbers are analytical points. Thissegregationary primary serpophitehas *0
ranging from +1.60 to -1.84%o.



Figure 7 . Tuffidtic kimberlite from
L etseng-la-terae, L esatho.

The sample consists of chlorite
pseuwdomarphs after maaocrystal divine
set in a chlorite-diopside interclast matrix.

Numbers are analytical points.

Figure 8. Tuffidtic kimberlite from
L etseng-la-terae, Lesatho.

The sample consists of chlorite
pseudomarphs after maaocrystal divine
set in a chlorite-diopside interclast matrix.

Numbers are analytical points.

Figure 9 Core-to-rime variationsin the
i sotgpic composition of axygen versustotal
iron content of olivine macrocrysts replaced
by pseudomorphic chlorite in
tuffisitic kimberlite from Let seng-la-terag,
Lesaho.
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Figure 10 shows how the oxygen isaopic canpodtions
of pseudomarphi ¢ serpentine mi ght changeasafunction
of wate/serpentineratios in open and closed systems. It
is assumed that parental divinehasa primary 0 of
about +6%., i.e. similar to that of fresh olivine in
kimberliteand ultramafic rocks, and that thisis reduced
by %O enrichment due to reattions with isatopically
lighter ~water. Figure 10 indicates that for
serpentinization at 200-300°C in closed g/stems with
initial water compasitions ranging from -10 to - 20%o,
that “water/serpenting” rati os cannot exceed 0.8 at.%.
Low temperature (<100°C) serpentinization is
considered to be an unli kely process with respect to the
probable serpentinization temperatures of kimberlites
(200-400°C), and effectively rules out high (>1 at.%)
“wder/srpenting” ratios as a cause for the isotopic
trends obsaved. Thus, these data are interpreted to
suggest that there was not an influx of significant
volumes of low temperature meteoric water asa cause of
serpentinization. This conclusion is supported by the
absence of extramely light axygen (i.e. 80 < - 5%o) in
al of the serpentines occurring in the kimberlites
investigated. Similar conclusions can be drawn for open
sygems (Fig. 10).

Thecalcul ated | ow water/serpentineratios and
0 enrichment trends, in themselves do not rule out
some limited influx of meteoric water, although they
clearly demonstrate that this is not a volumetrically
important process in the formation of serpentine in
kimberlite. Howeve, this observation does not imply
that such a secondary process is the primary cause of
serpentinization. This is because petrographic
observaionstogether with O and C isotopic data for
associated carbonateshave provided conclusiveevidence
that serpophit e-carbonat e segregationsinkimberlitesare
of deuteic origin and not pog-emp acement secondary

replacement featur es. Such processescannot producethe
complex textural and paragenetic relati onships actually
observed, and would resut in pervasive uniform
serpentinization with or without secondary caldte. It is
unreasonableto exped that post-empl acement secondary
serpentinization would producesi milar petrographic and
mineralogical featuresin kimberlites of diverse age and
emplacement conditions in different groundwater
regimes. Congequently, it is conduded here that the
water invdved in van and margnal sepentinization
and formation of serpophite-calcite segregationsis also
principally of deuteric origin. On the bass of
petrographic criteia the serpentine-chlorite o the
interclast matri ces of tuffisitic kimberlitesis consi dered
to result from the alteration of preexisting
phyllosilicates (phlogopite) by deuteric fluids. These
fluids on the basis of the O isotopic data presented here
are conddered also to be of deuteric origin. Howvever,
fluids which resulted in the margina and
pseudomorphic serpentinization of olivine in
magmaclasts may (e.g. Letseng-la-terag) or may not
(e.g. Kan) bethe same as those forming the interclast
matri X serpentine chlorite.



