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Kimberlitic diatremes are primarily composed of
autolithic kimberlitic breccia. The name of this variety
of kimberlitic rocks is related to the specific distribu-
tion of autoliths in the matrix. According to [1–3],
autoliths are prominent fragments of kimberlitic brec-
cia. The autoliths are also known as kimberlite-type
inclusions in kimberlite, inclusions of kimberlites of
earlier generations, fragments of magmatic kimberlite,
pellets, and lapillies. The shape of these rocks can be
both rounded (the shell smoothes out the irregular sur-
face of the core) and irregular (with inlets and projec-
tions). The content of autoliths in the breccia is 10–20%
(in some places, 50% or more), while their dimension
varies from 0.

 

n

 

 mm to 10–15 cm. The autoliths can
occur as core-bearing and core-free varieties. In the first
case, the core can be composed of xenoliths of enclos-
ing and mantle rocks or rimmed crystals of minerals.
Distinct cores are not constant attributes of large
autoliths. The maximal dimension is typical of autoliths
with xenolith as the core. The autoliths can be sur-
rounded by porphyric or aphyric rims. Some autoliths
demonstrate a fluidal (concentric-zonal) texture. The
concentrations of TiO
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these rocks are reflected in their mineral composition.
They are commonly darker than the enclosing breccia
due to high contents of fine grains of ore minerals and
occasional mica flakes [2–4]. In the autolithic kimber-
litic breccias of kimberlite pipes, the autoliths are sim-
ilar to plutonic rocks in composition and texture [2–5].
According to [2, 3], both fluidal and massive varieties
of the autolith show similar trends of changes in the
chemical composition.

In order to check regularities defined in previous
works, we investigated the geochemistry of autolithic
kimberlitic breccias and autoliths from kimberlites of

the V. Grib Pipe (Zimnii Bereg diamondiferous prov-
ince, Verkhotinskoe field). The V. Grib Pipe stands out
among other kimberlites of the Arkhangelsk district in
the diamond potential, geology, and mineralogy scruti-
nized in several publications [4, 6, and others]. At
present, this kimberlite pipe has been explored to a
depth of more than 900 m. The pipe includes rocks of
the crater (110 m) and vent facies mainly represented
by autolithic kimberlitic breccias. We studied the
autolithic kimberlitic breccias and autoliths recovered
at the depth interval of 590–690 m from borehole 106
(Fig. 1). The studied autoliths are characterized by
rounded and irregular shapes, and their dimension
ranges from 3 

 

×

 

 4 to 5 

 

×

 

 6 cm. Except sample
106/628A, which includes a core of acid metamorphic
rock, all other autolith samples are represented by the
core-free version with textures ranging from the mega-
phyric to the microphyric variety. Autoliths in samples
106/627A and 106/628A include carbonate–serpen-
tine–diopside globules. When preparing breccia sam-
ples for high-precision analysis, we paid special atten-
tion to the removal of xenogenic material, the content
of which did not exceed 5% at the studied depths. We
carried out the ICP-MS analysis of REEs at the Vernad-
sky Institute of Geochemistry and Analytical Chemis-
try, Moscow (D.Z. Zhuravlev, analyst), and the Sr–Nd
isotope analysis at the Institute of Precambrian Geol-
ogy and Geochronology, St. Petersburg. The results
obtained are presented in Tables 1–3 and Figs. 2–4. The
results of the comparison of the petrochemistry of
autoliths and the whole-rock composition of breccias
(Table 1) are consistent with the data presented by other
researchers [2–5]. Although the compositions of the
autolithic kimberlitic breccia (whole-rock) and autolith
are slightly different, they retain features typical of
Yakutian kimberlites [3, 5]. For example, relative to the
autolithic kimberlitic breccias, the autoliths are
enriched in Ti, Al, Fe, K, and P. Only the carbonate
component shows some differences from the trends
previously recorded for the Yakutian kimberlites. For
example, relative to kimberlites in other regions,
autoliths from kimberlites of the V. Grib Pipe are
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enriched in CO

 

2

 

 and CaO. According to Ilupin [3], car-
bonate from the Yakutian kimberlites could be redis-
tributed at the postmagmatic stage. We failed to detect
any regular changes in concentrations of Si, Mg, and
water at the autolithic kimberlitic breccia–autolith tran-
sition zone (Table 1).

It is evident from the results (Table 2; Figs. 2, 3)
that, relative to the bulk composition of kimberlitic
breccias, the autoliths are much more enriched in some
elements, such as Cr, Sc, Hf, Ta, Th, and REE, which

are stable during secondary alterations. The REE distri-
bution plot (Fig. 2) also shows that, relative to the kim-
berlites, the autoliths are enriched in all incoherent ele-
ments. Among all autolith samples, sample 106/627A
is distinguished by high concentrations of Ba, Sr, and
Rb, probably owing to the high contents of carbonate in
this sample (carbonate–serpentine–diopside globules).
The autoliths are enriched in the REEs, particularly,
LREEs (2.1–3.1 times, on average), while the HREE
concentrations are 1.2–2.2 times higher. Therefore, the

 

3 cm

 

Fig. 1. 

 

Autolithic kimberlitic breccia (sample 106/606) from the V. Grib Pipe and megaphyric autolith with core composed of host
rock xenolith.
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Fig. 2. 

 

PM-normalized [9] REE distribution in autolithic kimberlitic breccias and autoliths from the V. Grib Pipe. Legend for Figs. 2–4:
(
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) Autolith; (
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) autolithic kimberlitic breccia.
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La/Yb ratio is higher in the autoliths (108–129) than in
the autolithic kimberlitic breccias (57–76).

The concentrations of rare elements and REEs are
virtually similar in the autoliths (Figs. 2, 3). In the
autolithic kimberlitic breccias, these elements demon-
strate a significant scatter of values. This is seen in Fig. 3,
which also includes our data on the autolithic kimber-
litic breccias from other boreholes drilled in the V. Grib
Pipe area. In addition, this diagram shows a direct cor-
relation between the autoliths and kimberlites with
respect to the Ti

 

2

 

O versus HREE, Zr, Ce, and Y rela-
tionship.

However, the autolithic kimberlitic breccias and
autoliths from the V. Grib Pipe show different Sr–Nd
isotope characteristics (Table 3, Fig. 4). In Fig. 4, data
points of primary isotope ratios fall into the Bulk Sili-
cate Earth (BSE) field. Moreover, the autolithic kimber-
litic breccias are more enriched than the autoliths rela-
tive to the depleted mantle. The data points of the
autoliths make up a relatively compact cluster, except
for some variations in the 

 

ε

 

Sr

 

 field. The autolithic kim-
berlitic breccias have a more enriched isotopic compo-
sition, probably owing to contamination with the lower
crustal material.

Thus, kimberlitic breccias and autoliths from the
V. Grib Pipe clearly demonstrate compositional differ-

ences. This fact is essential for understanding the petro-
genesis of autoliths of this kimberlite pipe. Identifica-
tion of such discrepancies can ultimately be used in the
generalized model of diamondiferous kimberlite pipes.

According to the popular magmatic model of the
formation of autolithic rocks presented by Mitchell
[11], the injection of melts is accompanied by rapid
fractionation of volatiles from the melts and the trans-
portation of a portion of magma in the fluid system.
Autoliths can form if the magma ascent rate is high.
Fractionation of volatile phases and mixing of the
magma trigger its fragmentation. These processes fos-
ter the formation of magma drops and exhumation of
the partially recrystallized magma. We believe that the
V. Grib Pipe formed as a result of exhumation of the
kimberlitic magma, its partial recrystallization, and for-
mation of autoliths enriched in rare elements. This sce-
nario is valid not only for kimberlites, but also for other
alkaline-ultrabasic rocks. According to the formation
model of fluidal autoliths in kamafugite diatremes pre-
sented in [12], the autoliths are formed as a result of the
rotation of magma drops in the fluidized system.

The model proposed by Krivoshlyk [5] and sup-
ported by other researchers [3, 4, 13] considers the
behavior of kimberlitic magma before its eruption.
According to this model, the eruption of magma is pre-
ceded by fractionation of the H
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O–CO

 

2

 

 fluid. The con-

 

Table 1. 

 

 Compositions of autolithic kimberlitic breccias (AKB) and autoliths in borehole 106, V. Grib Pipe (wt %)

Component
AKB Autoliths from kimberlites in borehole 106

106/606 106/590 106/612A 106/627A 106/628A 106/630A 106/690A

SiO

 

2

 

40.81 36.51 33.78 33.52 32.88 33.81 35.07

TiO

 

2

 

1.39 0.97 1.90 1.65 2.33 1.96 1.95

Al

 

2

 

O

 

3

 

1.72 1.30 1.84 1.96 2.18 2.58 1.69

Fe

 

2

 

O

 

3

 

4.16 6.02 4.05 4.21 4.96 4.54 4.11

FeO 3.06 1.93 3.75 3.25 3.25 3.67 3.82

MgO 31.83 36.35 31.45 29.46 30.49 29.70 33.11

MnO 0.15 0.12 0.14 0.15 0.15 0.15 0.16

CaO 3.70 3.25 6.84 8.37 7.14 6.63 4.45

Na

 

2

 

O 0.38 0.10 0.13 0.19 0.16 0.15 0.15

K

 

2

 

O 0.31 0.07 0.27 0.68 0.24 0.33 0.27

P

 

2

 

O

 

5

 

0.22 0.16 0.43 0.41 0.47 0.42 0.37

L.O.I. 12.45 11.96 15.03 15.61 15.59 15.04 12.82

Total 100.18 98.74 99.61 99.46 99.85 98.98 97.97

CO

 

2

 

0.54 0.56 3.91 4.94 4.14 3.77 2.45

H

 

2

 

O

 

+

 

11.91 10.97 11.12 10.67 11.45 11.27 10.37

C.I. 1.32 1.04 1.12 1.16 1.14 1.20 1.10

mg# 0.82 0.82 0.80 0.80 0.79 0.78 0.81

 

Note: (C.I.) Contamination index (SiO
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O)/(2K
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O + MgO) [7]; Mg index, mg# = MgO/(MgO + FeO
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sequent liquid immiscibility of the kimberlitic magma
is responsible for the generation of two secondary
melts. The ultrabasic silicate component produces the
autoliths, while the carbonatitic component produces
the breccia cement. This model has been experimen-
tally confirmed for the reaction between spinel peridot-
ite and H

 

2

 

O–CO

 

2

 

 fluid [13]. The experiments have

shown that Si, Al, and Ti correlate with the aqueous gas
phase, while Mg and Ca correlate with CO

 

2

 

. In the
Yakutian kimberlites, CO

 

2

 

 is preferentially concen-
trated in the matrix, while H

 

2

 

O is concentrated in the
autoliths. This reliably established fact supports the
model mentioned above [1–3, 5, 13]. However, kimber-
lites from the V. Grib Pipe demonstrate an inverse cor-

 

Table 2. 

 

 Rare elements (ppm) in autolithic kimberlitic breccias (AKB) and autoliths in borehole 106, V. Grib Pipe (ICP-MS
data)

Element
AKB Autoliths from kimberlites in borehole 106

106/606 106/590 106/612A 106/627A 106/628A 106/630A 106/690A

Be 1.00 1.456 1.42 3.22 1.95 2.16 1.92
Sc 4.5 7.4 9.6 8.2 11.3 10.0 8.7
V 91 75 138 170 165 142 130
Cr 1256 907 1635 1673 2233 1889 1850
Mn 800 785 867 929 959 944 1038
Co 77 88 74 71 68 76 76
Ni 1679 1346 1391 1361 1420 1447 1562
Cu 99 133 568 460 760 458 83
Zn 98 56 65 57 70 67 59
Ga 3.2 3.0 4.4 4.8 5.6 5.1 4.2
Rb 15.2 4.2 16.3 49.0 16.4 21.8 17.8
Sr 215 407 708 1201 709 617 345
Y 5.8 3.6 9.3 8.3 9.8 9.8 8.3
Zr 54 40 87 87 94 91 80
Nb 43 34 93 86 110 99 85
Mo 0.48 2.68 0.53 1.19 1.35 1.32 1.32
Cs 0.38 0.11 0.31 0.50 0.26 0.30 0.31
Ba 196 351 848 2072 873 826 585
La 24.8 21.6 57.6 52.6 65.9 62.5 52.7
Ce 45.2 38.3 100.7 93.5 116.3 110.6 93.4
Pr 4.82 4.01 11.09 10.05 12.54 12.00 10.08
Nd 16.77 13.93 39.52 36.19 44.79 42.44 35.38
Sm 2.63 1.96 5.62 5.17 6.25 6.10 5.05
Eu 0.679 0.547 1.366 1.118 1.459 1.319 1.131
Gd 1.862 1.367 3.685 3.370 4.107 3.925 3.309
Tb 0.240 0.177 0.442 0.413 0.501 0.480 0.400
Dy 1.214 0.811 2.072 1.887 2.163 2.166 1.843
Ho 0.215 0.141 0.335 0.310 0.346 0.358 0.310
Er 0.541 0.339 0.772 0.727 0.785 0.815 0.710
Tm 0.073 0.046 0.095 0.089 0.095 0.105 0.087
Yb 0.437 0.283 0.522 0.487 0.511 0.547 0.466
Lu 0.064 0.039 0.080 0.079 0.076 0.078 0.069
Hf 1.51 0.99 2.17 2.27 2.40 2.30 2.15
Ta 4.03 2.70 6.93 6.71 8.47 7.44 6.63
Th 3.76 3.07 8.54 7.84 9.48 9.22 7.79
U 0.73 0.58 1.53 1.38 1.69 1.57 0.99
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relation. Therefore, we cannot consider the autoliths as
immiscibility products.

In conclusion, we should note that further investiga-
tion of all varieties of autoliths is essential for more com-

plete understanding of their petrogenesis. Their forma-
tion is evidently related to the interaction between fluids
and magmas. Petrographic and geochemical patterns of
autolithic kimberlitic breccias in kimberlite pipes depend
on the behavior of fluids before and during magma erup-
tion. For example, the model proposed by Mitchell [11]
is most suitable for explaining the formation of autoliths
in the V. Grib Pipe. At the same time, one should take
into account the fact that some autoliths in the breccias
can be related to the entrapment of fragments from older,
cooled portions of kimberlite. In other words, kimberlite
pipes can be formed in several phases owing to the recur-
rence of eruptions, crushing of older rocks, and cementa-

 

Fig. 3. 

 

TiO

 

2

 

 vs. HREE, Zr, Ce, and Y relationship in autolithic
kimberlitic breccias and autoliths from the V. Grib Pipe.

 

Fig. 4.
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 diagram for autolithic kimberlitic breccias and
autoliths from the V. Grib Pipe (fields are based on [10]).
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Table 3. 

 

 Nd–Sr isotope data on autoliths and autolithic kimberlitic breccias from the V. Grib Pipe

Sample no. Rb, ppm Sr, ppm

 

87

 

Rb/

 

86

 

Sr

 

87

 

Sr/

 

86

 

Sr (

 

87

 

Sr/

 

86

 

Sr)

 

t

 

ε

 

Sr

 

i

 

106/606 15.48 211.6 0.2116 0.706251 

 

±

 

 14 0.705127 +15
106/612A 16.86 717.0 0.0680 0.705969 

 

±

 

 10 0.705608 +22
106/627A 50.70 1259.0 0.1165 0.706563 

 

±

 

 19 0.705944 +27
106/628A 16.15 690.7 0.0676 0.705656 

 

±

 

 7 0.705297 +18
106/630A 22.27 631.9 0.1019 0.705475 

 

±

 

 12 0.704934 +12
106/690A 16.02 339.7 0.1364 0.705640 

 

±

 

 17 0.704915 +12

Sample no. Sm, ppm Nd, ppm

 

147

 

Sm/

 

144

 

Nd

 

143

 

Nd/

 

144

 

Nd (

 

143

 

Nd/

 

144

 

Nd)

 

t

 

ε

 

Nd

 

i

 

106/606 2.39 16.06 0.0898 0.512328 

 

±

 

 11 0.512109 –1.0
106/612A 5.16 36.77 0.0848 0.512422 

 

±

 

 8 0.512215 +1.1
106/627A 4.56 32.36 0.0851 0.512413 

 

±

 

 10 0.512205 +0.9
106/628A 5.61 40.20 0.0843 0.512441 

 

±

 

 9 0.512235 +1.5
106/630A 5.59 39.81 0.0848 0.512440 

 

±

 

 6 0.512233 +1.5
106/690A 4.63 33.07 0.0846 0.512426 

 

±

 

 10 0.512219 +1.2

 

Note: Primary isotope ratios, 

 

ε

 

Nd

 

i

 

, and 

 

ε

 

Sr

 

i

 

 values were calculated at 

 

t

 

 = 373 Ma [8] with consideration of UR isotope ratios (

 

87

 

Rb/

 

86

 

Sr =

0.825 and 

 

87

 

Sr/

 

86

 

Sr = 0.7045) and CHUR values (

 

147

 

Sm/

 

144

 

Nd = 0.1967 and 

 

143

 

Nd/

 

144

 

Nd = 0.512638).
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tion of breccias by new portions of magma. This mecha-
nism can be responsible for the clastic appearance of
some autoliths.
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