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A particular assemblage of magmeclasts (aka pellaal
lapilli) and type o interclast matrix are characteristic
featuresof Kimberley-typepyroclastic kimberlites (KPK;
aka tuffisitic kimberlites). This spedfic textural variety
of kimberliteformsthe dominant infill of the diatreme
zoneof acertain type of kimberlite pipe (Class 1) which
arecommon in southern Africabut also ocaur elsewhee
in theworld. Regardless of their widegread occurrence,
little is actually known regarding their detailed
petragraphyand minerd ogy. Thisstudypresentstextural
and mineral compositional datafor the magmaclastsand
interclast matrices for KPK from the diatreme zone of
thefollowing southern Africankimberlites: Letlhakane;
Premier; Letseng-la-terae; and Kao. Samples from the
latter include the Gritty (formerly K1) ki mberlite from
which “pdletd lapilli” were first described by Clement
1973). Back-scattered dectron images show that
magmaclastsandintercl ast matricesare petrographically
very dmilar to each other, regardless of locality or age,
and to previoudy reported examples from Wessdton
(Mitchell et al. 2009); the type area of Kimbeley-type
pyroclastic kimberlite.

Typically magmaclasts consst of a kernd of
pseudomorphed macrocrygal olivine and a
microcrystalline groundmass of variable thickness
composed predominantly of microcrystalline diopside,
phlogopite, and apatite with |essa perovskiteand spinel.
Although relict fresh olivine is present in some
magmaclasts, the macrocryst kernels are typicaly
replaced by several compositi onally disti nct generations
of serpentine and/or chlarite. This multi-generationd
replacement cannat betheresul t of secondary processes
unrelated to magmaclast formation as phlogopite in the
microcrystalline groundmass surrounding the olivine
kernelsisnot altered to chlorite. The replacement must
rather represent ane or mor ephasesof deutericateration

prior to the formation of the magmaclast groundmass.
TheKao Gritty kimberlitehas textural characteri stics of
being transitional to hypabyssal kimberliterather being
a bona fide KPK.

The outer mar gins of KPK magmaclastsare diffuse and
grade into the interclast areas being mantled and
decorated by microcrystalline prismatic diopsideand/or
mica; with somemagmaclasts exhikiting modal zaning
of these mingals. Interclag matricesin al kimberlites
studied are dominated by chlorite with lesser diopside
microlites. The chlorite in the interclast matrix is
associated with relict phlogopite and is undoubtedly
derived by thea teration of thismineral. Importantly this
episode of chloritization did not &fect micas in the
magmaclasts and must have occurred subsequent to
magmaclast formation. The common digpside of the
magmaclast groundmassand mantlesi sconsidered to be
aprimary crystallizing phase and cannot be a secondary
mineral unrelated to the kimberlite magma as. (1)
country rock basalt xenoliths adjacent to diopside-
beaing magmaclasts lack diopside mantles;, and (2)
diopside cannot form a low temperatures from
externally derived unrelated aqueousfluids. None of the
interdast textures aretypical o secondary replacement
asobsaved in ather diatremeinfills such as those of the
so-caled Class 3 kimbelites and melilitites. It is
considered impossible that the similar character of
Kimberley-type-typepyroclastic rocks, on either alocal,
regional or world-widebass, isthe result o secondary
alter ation by externally-derived unrelated fluids, assuch
fluids are extremey unlikely to have a common
composi tion and style of replacement of any pre-existing
consolidated rocks.



Representative optical and badk-scattered electron images of the KPK invedigated are gven below to illustrate the
character of the magmadast and interclast assamblages
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Figurel. Large magmaclast with relict fresh macroaystal divinekenel together with smalle subhedral serpenti nized
and chloritized olivines setin an optically un-reolvalde matrix.

Figure2. Typical “pdletd lapilli: asdescribed by Clement (1973) consisting of coreof euhedral-to-aubhedral divine
set in an optically un-resolvable groundmass.

Figure 3 Figure 4

Figure3. Typical magmadastswith pseudomorphed olivine (ol) coresand mantleconsistingmainly of diopside (grey),
and phlogopite with apati te and perovskite. Also present isaclast of altered basal t which lacks any fringing diopsi de.
Interclast matrix is compaosed principally of chlarite (chl)

Figure 4. Magmad ast with a core consisting of an intergrowth of perovskite (pv) and pseudomorphed olivine (d).
Mantle consists of diopside (qox) and phlogpite (dark grey).
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Figure 5 Figure 6
Figure5. Pseudomarphed olivines (d) mantled by aggregates canposed dominantly of microcrystalline digpside with
fresh phlogopite (see Fig 7). Alsopresent are perovskite (purple) and hydroandradite plus titanite (white).

Figure 6. Detail of figure 6 showing mantles of microcrystalline diopsideon pseudomorphed olivine. Alsopresnt are
perovskite(purple) and hydroandradite plus titanite (white). Theinterclast matrix iscomposed dominantly of chlorite
with relict phlogopite and minor diopside

Figure 7. Detail of mantle surrounding a pseudomorphed
olivine. Note the presence of abundant pri smatic
phlogopite (m) set in a chlorite matrix (dark grey).

Also present are apati te (ap), spind (sp), perovski te (pv)
and titanite (tit; purple areas) .

It is not possible for the chlorite of the matrix to be
introduced by secondary processes unrel ated to the genesis
of this KPK as the primary phlogopites woul d have be
replaced by such a process.

LETSENG-LA-TERAE

Figure 8. Magmaclastsin Letseng KPK.
Note the different sizesand extent of development
of the diopside-phlogapite mantles.The interclast-matrix
is composed of chloritized phl ogopite and aluminous chlorite.

Figure 8



Figure 9. Interclast matrix in Letseng KPK.

Olivi ne macrocrysts ar e pseudomorphed by two
generaionsof chloriteand mantled by
microcrystalline digpside and fresh phlogaopite.
The mantles are gradational into interclast
chlorite-3 and lesser amounts of miaocrystalline
diopside

Figure 10. Cryptoaygallinemantlearound
olivine macrocryst in Letseng KPK.

Mantle composed of diopside (cpx),

fresh phl ogopite (m), and titanite (t) developed
on achloritized olivine macrocryst (CHL-1).
Other minerals in the mantle are perovskite
and magnetite (white). Interclag matrix is
composed dominantly of chlorite (CHL-2).

Figure 11. Interclast matrix, Letseng KPK.

Interclast matrix consists of diopside (cpx), fresh
and partially chloritized phlogopite, with garnet,
(9), setin a chloritemesodasis (chl-2).

The garnet is composed of a hydroandradite
core (light grey) and a hydro-andradite-grossul ar
rim.

Note the success ve development of zones of
cryproaydallinediopside (cpx) and fresh
phlogopite (M) on thechloritzed olvine
macrocryst (chl-1). The cryptocrystalline mica
has the same composition as the interclast
phlogopite.
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Figure 12. Interclast matrix, Letseng KPK.

Commonly, theintercl ast matrix in the
Letseng K1-KPK contains abundant sprays
of prigmatic pedolite (p) . Its presence,
together with hydro-andradite-grossular (g)
suggeds contamination of the magma
forming theinterclast matrix.. Notethat
fresh phlogopite is present within the inter-
clast chlarite (chl-3) mesodasis.

Macrocrystal olivine forming the cores

to the magmaclasts ar e pseudomorphed by
two generations of chlorite (chl-1;chl-2) that g
are more aluminous than chlarite-3.

The maaocryst in theuppe part of the
figur e contains abundant euhedra per ovskite (pv) Figure 12
at the margin of the crystal

PREMIER GREY KIMBERLITE

CHLORITE
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Figure 13. Diopside-ri ch (cpx) interclast matrix i n Premier Grey KPK with late-forming fresh phlogopite. Also
present is spinel (blue).

Figure 14. Interclast matrix in Premier grey KPK with diopsi de (cpx) and later -farming fresh phlogopite being
transformed to K-bearing chlorite and ultimately to Al-chlorite. The relationships suggests that the interclag matrix
wasoriginally phlogopite-rich. None of these phases are consider ed to be secondary mineralsreplacing inter-clast ash
or glass.
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