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: '0, I ;ansidcrably ower temperaturess", Kimberlites or carbon-
I , : ltitc..~ rising fro the low velocity zone must evolve CO 2 as ~(' 
~~. n:ach the reactio boundary at depths between about JO.'p and 

~I b: 30 km. This . wo.ul crlainly contribute to the explo 1Ve em-
placement of kimberJi . 
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Palaeogeothermal gradients . 
derh'ea fTom xenoliths in kimberlite 
GREAT problems exist in the ·determination of an ancient 
geothermal g.radient. An attempt has been made by Boyd' , 
based primarily upon the equilibration conditions of co
existing pyroxenes in garnet lherzolite xenoliths from the 
Thaba Putsoa, Letseng and Mothae kimberlite intrusions in 
northern Lesotho. He derived the equilibration temperature 
of the xenoliths from the amount of enstatite in solid solu
tion in the diopside', and estimated the pressure from the 
amount of AI;Oa in the ' orthopyroxene'. He argued that, 
(or a group .of lherzolite xenoliths, a line joining a series .of 
pyroxe ne-derivecl pressure/temperature points should define 
the geothermal gradient in the mantle bel.ow northern 
Lesothb during 'the Cretace.ous when the xenoliths were 
entrained by the kimberlite ' during its ascent. He found a 
Crctaceous gradient. similar to that in present-day shield 
areas between depths Of 100 and 150 km, though from 
ISO to 200 knl depth it was considerably steeper. Moreover, 
whereas the Iherzolites .outlining the shallower 'normal' part 
of the gradient are .of granular texture, those outlining the 
high-temperature, ste.eper and deeper segment exhibit a 
range of deformati.on and recrystaJlisation textures (the 
porphyroclastie and mosaic textures in the classification 
I,heme of Bouiller and Nicolas'). 

Accordingly, it has been proposed ' " that the perturbation 
of {lie normal subcratonic gradient was caused by stress 
hea ling at the hase of the African Plate during the breakup 
of Gondwanaland in the Cretaceous, with the 150 km inflec
lion point on the gradient being the top of the sheared, low
Idocity zone at that time. Inflected geothermal gradients 
h;t\'e been proposed within the upper n1ant.le beneath other 
11J;fts of the South African Shield, the North American 
Craton and the Sihcrian Shield , based on granular and 
deformed peridotite sui tes from Jagersfontcin6

; LOllwrencia " 
SW Africa; DIad: Butte diatreme, Montana '; Ming llar dia
Ifeme, Wyoming' : and the Udachnaya diatreme, Yakutia 'o . 
lhcse data cannot, however, be accepted unreservctllyas 
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typical of events within the upper mantle at the tim e .of the 
generation and ascent of the kimberlite magma. There is 
evidence to the contrary in xenolith suites from at least 
three different kimberlite intrusions. 

The perido titcs and pyroxenites from the Matsok u kim
berlite diatreme, Lesotho, have been more thoroughly 
investigated than aliy other xenolith suite"-Il. They show 
a wide variety of textures, including those falling into the 
'sheared' class of Nixon and Boyd', But no mattcr what 
degree of deformation the Matsoku xenoliths have under
gone, they all apparently equilibrated under the same pres
sure/temperature (PT) conditions and there is tlnl s no 
correlation bet\vecn deformation and increased temperature 
of equilibration in this particular xenolith suite. The res
stricted PT conditions indicated are those of Doyd's' coarse 
granular suite. As the Mats.oku kimberlite is c1os!'!ly con
temporaneous with the Thaba Putsoa kimberlite, and is 
only 20 km from it, it is difficult to accept a hypothesis 
involving large-scale horizontal movements in the upper 
mantle that did not have similar effects at both localities . 

In the case of the xe'nolith suite from the Frank Smith 
Mine, n.orth of KImberley, a variety of deformation textures 
can be found in rocks apparently derived from a restricted 
mantIe zone" , although the range does not include granular 
textures as it does at Matsoku, and the equilibration 
temperatures are close to 1,250 °C. 

We have been investigating a suite of xenoliths from the 
BuItfontein kimberlite diatreme, Kimberley. The garnet 
Iherzolites show a greater textural range than those from 
Thaba Putsoa and we have recognised a new textural type 
that indicates a greater degree of deforma tion than recog
nised previously in kimberlite xenoliths. This new texture, 
which may be regarded as a more deformed extension of 
Bouiller and Nicolas' fluidal mosaic texture", comprises 
recrystallised orthopyroxene neoblas ts strung out int.o bands 
that alternate with bands of fine-grained olivine neoblasts; 
furthermore, garnet unaffected by lower degrees of ?efor
mation has been disrupted and strung out into chams of 
small crystals. We call this texture 'banded and disrupted' 
(BAD). 

We have analysed the phases in 26 selected garnet 
Iherzolites from Bultfontein, covering the range of textural 
types from granular to BAD. The data will be publis~led 
elsewhere but Table I shows analyses of phases m tYPical 

Fig, 1 Plot of Al,0 3 (in orthopyroxene) against Ca/Ca+Mg 
(in clinopyroxenc) for xenolith suites from Thaba ~lltsoa' 
(open symbols) and I3ullfonlcin (solid sym bols) .. Triangles, 
minerals in rock of gra nular texture; Circles, I1llllcrals III rocks of 
flaser (I3ullfonlcin) and sheared (Thaba Putsoa) texture . T~e 
I3ultfonlcin Raser peridotites exhibit porphyroclastlc, mosaIc 

and BAD textures . 
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Table Analyses (0) and structural formulae (b) of minerals in typical Bullfontein peridotites at opposite ends of tlie deformation spectrum 

BD2382:. granular garnet lherzolite BD2446: banded and disrupted garnet lherzolite 
Olivine Orthopyroxene Clinopyroxene Garnet Olivine Onhopyroxene Clinopyroxene Garnet 

a 

SiO! 
TiO. 
Ala03 
Cr a0 3 
FeO· 
MnO 
MgO 
CaO 
NaaO 
K.O 

40.00 57.38 54.79 41.69 41.51 57.05 54.83 41.93 
0.02 0.D4 0.11 O.OS 0.00 0.05 0.07 0.05 
0.01 0.78 2.39 22.62 0.02 0.82 2.51 20.67 
0.00 0.06 1.42 2.19 0.02 0.36 2.53 5.01 
8.87 5.58 2.51 8.19 6.88 4.22 1.88 6.92 
0.04 0.03 0.00 0.36 0.00 0.09 0.07 0.36 

50.96 36.14 16.27 22.62 51.41 36.48 16.54 20.34 
0.02 0.27 21.26 4.78 0.01 0.31 18.94 5.05 
0.00 0.10 2.00 0.Q2 0.06 0.09 2.27 0.05 
0.00 0.00 0.00 0.00 0.02 om 0.02 0.00 

Total (wt %) 99.9 100.4 100.7 9S.5 
b ' 
Si 0.979 1.965 1.972 3.022 
Ti 0.000 0.001 0.003 0.004 
AI 0.000 0.031 0.100 1.933 
Cr 0.000 0.002 0.040 0.126 
Fe 0.181 0.160 0.076 0.540 
Mn 0.001 0.001 0.000 0.022 
Mg 1.859 1.845 0.873 1.925 
Ca 0.001 0.010 0.820 0.371 
Na 0.000 0.007 0.140 0.003 
K 0.000 0.000 0.000 0.000 
0 4 6 6 12 

Mg/Mg+Fe 0.911 0.920 0.920 0.781 
Ca/Ca+Mg 0.484 

* All iron as total FeD. 

rocks from the two ends of the deformation spectrum. For 
the suite as a whole there are three pertinent features. First, 
no matter what the texture, the Ca/Ca + Mg ratio of the 
clinopyroxene is in the range 0.422--0.484 (wt %), indicating 
equilibration temperatures of 950-1,050 °C (ref. 2). Second, 
the Ah03 content of all the orthopyroxenes is very 
similar to that in lherzolite orthopyroxenes in the Matsoku 
kimberlite (0.73-0.89 wt %), again indicating equilibration 
over. a restricted pressure (depth) interval (Fig. 1). In 
view of the absence of experimental data on orthopyroxenes 
containing less than 2 wt% Ah03, we are not prepared 
to draw any pressure (depth) implications from our results, 
other than to submit that they are of mantle origin, 

99.9 99.5 99.6 100.3 

1.003 1.961 1.982 2.992 
0.000 0.001 ' 0.002 0.003 
0.001 0.033 0.107 1.732 
0.000 0.010 0.072. 0.282 
0.139 0.121 0.057 0.413 
0.000 0.006 0.002 0.022 
1.852 1.872 0.892 2.161 
0.000 0.01l 0.732 0.386 
0.003 0.006 0.159 0.001 
0.001 0.001 0.001 0.000 
4 6 6 12 

0.930 0.939 0.939 0.S31 
0.451 

emplacement of the kimberlite intrusions. Nonetheless, we 
do not exclude the possibility Ihat some of the textures 
developed during the kimberlite event may be additional 
to textures developed during earlier upper mantle creep. A 
model involving vertical movement finds support in the 
geological evidence in that, during the Cretac~ous, when 
most South African kimberlites were emplaced, the South 
African continent was subjected to strong vertical move
r.1ents, resulting in peripheral faults downthrowing 18,000 m 
towards the contiguous ocean, basins". 
. We acknowledge the financial assistance of the South 

African Council for Scientific and Industrial Research and 
the Anglo-American Corporation of South Africa. The 
Anglo -American Corporation assisted with sampling and 
provided analytical facilities. We also acknowledge the 
interest and advice of J. B. Hawthorne. 
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. within the garnet lherzolite stability field. Third,' the 
composition of the garnets is broadly similar in most 
lherzolites, with the exception that in a very few of the 
more deformed Iherzolites, there are small increases in 
the Ti02 content. I. B. DAWSON 
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I These data provide evidence that increased deformation 
cannot always be correlated with significan t increases in 
temperature of equilibration or with increased depth or 
origin, as is the case for Thaba Putsoa xenoliths. Further, 
we have observed deformation gradients from granular to 
BAD textures within the same hand specimens over a dis
tance of 2-3 cm and must assume that the deformation may 
be both very focalised and very variable. This is not con
sistent with a major tectonic boundary, and may be caused 
by variable hydrolitic weakening. 

It is clear that within the xenolith suite from each locality 
there is evidence of major deformation, consistent with 
differential movements in the upper mantle. One feature 
that is not clear is the sense of these movements. Strong 
lateral movements, accompanyjng the breakup of Gond
wanaland, are proposed in the Thaba Putsoa model of 
Nixon and Boyd', whereas, the model for the origin of 
kimberlites by diapiric upwelling in the upper mantle 16

, in
vokes strong vertical movements. The' evidence of in
dividuality in the range of textures and equilibration 
conditions of xenolith suites from different diatremes is 
possibly more consistent with the latter hypothesis in that 
it links the characteristics of' a xenolith suite with the par-

. Iicular upper mantle movements that culminate in the 
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