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It is generally considered that the impact of kimber-
lite pipes upon host rocks is insignificant and that the
alteration zone does not exceed 10-15 m. In 1991,
Kisel established that the above concept is invalid for
the Arkhangelsk diamondiferous province. Kimberlite
pipes of this province are accompanied by hidden (pri-
marily micropetrographic) fracture zones. Epigenetic
hydrothermal mineralization can also be developed in
such zones. Rock alteration in the contact zone com-
monly attenuates with increasing distance from the
kimberlite body.

It was subsequently established that these structural-
textural and mineralogical anomaly (hereafter, SMA)
zones are almost comparable or slightly greater than
primary geochemical aureoles in terms of linear param-
eters. In 1995, Kisel proposed criteria for the subdivi-
sion of host rocks into normal and anomalous types. He
also found a technical resolution for the implication of
these rocks as a source of information that can be used
in prospecting for hidden kimberlite bodies with a low
content of indicator-minerals. This communication pre-
sents the first results of the instrumental investigation of
intricate mineralogical features of host rocks from
SMA zones.

We studied more than 50 samples on a JSM-6400
scanning electron microscope equipped with a Link
ISIS-300 energy-dispersive spectrometer. The samples
were taken from the core collection of ZAO Terra rep-
resenting the entire Vendian—Carboniferous terrigenous
sequence penetrated by boreholes. The kimberlite-host-
ing sequence primarily consists of fine-grained sand-
stones and mudstones with a clayey admixture.

We examined structural-textural patterns of rocks
and minerals in approximately 300 SEM images. We
also scrutinized more than 500 quantitative analyses of
minerals. This made it possible to reveal typical mor-
phological-chemical features of accessory minerals

! Institute of Geology, Komi Scientific Center,
Ural Division, Russian Academy of Sciences,
Pervomaiskaya ul. 54, Syktyvkar, 167610 Russia

2 ZAO Terra, Arkhangelsk, 163013 Russia

and their exotic paragenetic assemblages in terrigenous
rocks. We deciphered more than ten mineralogical fea-
tures that can be used in prospecting for kimberlite bodies,

The comprehensive study of terrigenous rocks from
the alteration zone of kimberlite pipes resulted in the
discovery of numerous segregations of native metals
with diverse forms and dimensions (Fig. 1). Native cop-
per, zinc, and ferrochrome (Fe,Cr) commonly make up
chains, while other metals are observed as rare grains
and flakes. Native metal concentration in some samples
is very high (up to 100n grains/cm?). The size of indi-
vidual segregations is generally not more than a few
micrometers (average 4-8 pm, maximum 100 pm).
They are often arranged as straticulate clusters.

Findings of native metals and intermetallic com-
pounds in kimberlite pipe aureoles are particularly
interesting in connection with the discovery of metallic
films on diamond crystals [4, 7, 11]. The list of 24 spe-
cies (9 metals plus 15 alloys and intermetallic com-
pounds) found in altered rocks includes the following
phases: Au, Ag(S), Fe, Ni, W, Fe-Cr, Fe-Ni, Fe-Ni-
Cu, Fe-Ni-Cr, Ni-Cr-Fe-W-Mo, Fe-Mn-S8i, Cu-Ni,
Cu-Ni-Sn(Fe), Cu-Sn, Cu-Zn, Cu-Zn-Sn, Cu-Zn-
Ni, Cu-Al, Cu, Sn, Zn, Pb, Pb—Sb, and Pb—Cu—Zn. In
[6], we published a list of more than 40 species of
metallic films on diamond crystals and described their
morphological and chemical features. The metallic
films on diamond crystals, including those from the
Lomonosov Pipe, are compositionally very similar to
native metals in host rocks. The contamination of natu-
ral samples with technical metals is ruled out, because
the samples were carefully prepared from fresh rock
chips. The composition and metal ratios in natural
alloys differ from those in technical alloys.

Electron-microscopic images of native metals indi-
cate that they are confined to carbonate matrix in pores
and overlain by other minerals. Their composition i$
irregular even within a single grain, suggesting that
they are natural formations. We detected typical accor-
dion-shaped crystals that are also known as “crystal-
booklets” (Figs. 1b, 1d, 1f). Such native metal crystals
are already known in many geological settings. They
were probably generated from metalliferous fluids in @
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Fig. 1. SEM images of native metal segregations in carbonatized sandstones. (a) Chain of ferrochrome (Fe;Cr) segregations:
{b) crystal-booklet of natural brass (Cu,Zn); (¢) native copper: (d) crystal-booklet of natural Fe-Ni—Cu alloy; (e) large native zinc;

() crystal-booklet of natural Fe-Ni alloy.

reductive environment. Mantle gases with hydrogen
and methane could serve as the reducers. Gaseous
inclusions in rock-forming minerals from ultramafic
rocks [2, 5] and diamond crystals [1] show that the con-
Centration of reductive gases in the mantle-hosted min-
eral-forming medium was sufficient for the existence of
Native metals in the mantle, kimberlites, and ultramafic
Tocks [3, 9]. For example, large segregations of native
Copper and aluminum, several millimeters in size, are
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known in kimberlite pipes of the Arkhangelsk diamon-
diferous province,

A part of 140 quantitative anglyses of native phases
is presented in the table. We also carried out a few hun-
dred qualitative analyses of native metals based on
energy-dispersive spectra. Metals and alloys of iron-
group elements are the most widespread phases. Alloys
of the Fe-Ni—-Cu system account for more than 50%.
Their data points are plotted on the Fe-Ni-Cu ternary
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Normalized chemical compositions of native phases (wt %) and their dimensions (jm)

Fe Ni Cr Cu Sn Zn W Au Pb Sb S Total |Dimension
8762 | 029 [ 12.09 - - - - - - - - 1000 | 10x24
1.54 i - | 7831 | 20.15 = ” = = us = 100.0 6% 10
026 | 0.03 - - ~ = - 19970 | - - - 100.0 2x2
0.37 - - | 6585 | 33.78 - - - - s - 100.0 4%6
4692 | 3738 | - 15.45 = = = = = = 0.24 | 100.0 6x8
51.19 | 4863 | - 0.17 o = - = = = = 100.0 Ix4
95.46 | 454 | - - - - - - - - - 100.0 5%x7
049 | - 0.27 | 44.92 » 54.32 - = = s - 100.0 8x 12
143 010 - | 8603 | 1238 = = = = = 0.06 | 100.0 5%7
7739 | 886 | 13.76 - - - - - - - - 100.0 2x3
038 | 004 | - = 0.71 - - 98.53 i - 0.33 | 100.0 2x3
037 | 030 | - 6.67 e = & 91.80 = = 0.87 | 100.0 2x3
7322 | 091 | 2420 | 1.17 - 0.45 - - - - 0.05 | 100.0 4x5
133 | 9848 | 0.19 | - - - - - - - e 100.0 2x4
076 | 046 | - 60.58 = 38.18 % = = = 0.02 | 100.0 2%3
032 | 033 " 95.39 = 3.97 = = - = N 100.0 5%8
103 | 000 | - - 98.97 - - - ” - - 100.0 4x6
088 | 017 - 7531 | 18.87 - o= " = = 477 | 100.0 3Ix8
3983 | 1482 | - | 45.00 - - - - - - 0.35 | 100.0 6x8
2143 | 537 | - 57.78 - - - - s - 15.42 | 100.0 2x3
076 | 020 | 003 | - i - 99.00 = = ~ = 1000 | 0.5x1
055 | 000 | 001 - - - 99.44 - - - - 100.0 1x1
11.85 | 25.95 - | 4493 | 17.18 = - - - % 0.10 | 100.0 Ix4
2547 | 364 | - | 6525 | 5.54 - - - - e 0.10 | 100.0 2x3
167 | - = 0.29 - 9770 | - = = - 0.33 | 100.0 1x2
012 | - - 0.08 - | 99.79 - . - s - 100.0 | 100 x 70
084 | - - 19309 | - 0.03 - = s s 6.04 | 100.0 5%6
1129 | 9.63 - | 7795 | 09 | 022 = - = N = 1000 | 12x12
3961 | 30.84 | 009 | 2452 | 4.95 - - - - - - 1000 | 40x10
9938 | 002 | 009 | 017 | 004 | 029 - = s - = 100.0 4x5
6322 | 29.13 | 010 | 671 | 017 | 020 | - > i = 047 | 1000 | 35%18
021 | 023 | 007 | 9949 | - - - - - - - 100.0 5%x7
097 | 0.8 | 0.05 | 58.54 - 3880 | - 3 s - 1.46 | 100.0 2x2
7197 | 24.46 | 009 | 3.47 = - = = i = = 100.0 | 100x30
- - - - 0.24 ) - - 19750 | 163 | 063 ] 1000 | 10x20
046 | - - | 2230 - 15.27 - - | 6256 | - 0.09 | 9997| 4x5
1502 | 8420 | - 0.46 = 0.32 = s e - & 1000 | 10x10
071 | 021 . 072 | 024 | 008 = = 8793 | 4.17 | 588 | 9994| 3x4
56.11 | 38.01 - 5.78 - - - - - - 0.10 | 1000 | 10x8
7496 | 2090 | - 4.07 = = = = e = 0.07 | 100.0 5%5
- . - 0.04 = - = - | 9120 | 853 | 0231000 | 10%x10
4339 | 34.98 - 16.71 - 0.30 - - - - 0.03 | 95.41| 20035
30.26 | 58.09 = 690 | 0.50 | 023 - = = = 0.10 | 96.08| 10x6
3.08 | 25.28 - | 2630 | - | 4254 = = Fe - 2.80 | 100.0 5%6
192 | 9730 | - 0.58 - - - - o~ - 0.19 | 9999 1.5x1
1.66 | - 5 050 | - 0.50 - = 8556 | 1103 | 093 | 9998| 1x!I
454 | 6425 | 31.21 - = = = - . - - 100.0 3x4
277 | 0.19 - | 53.01 o 37.33 - - 6.70 - - 1000 | 25x%15
562 | 0.68 - | 59.93 - 26.09 = = 7.42 - 0.26 | 100.0 5%6
129 | - = = = = = = 91.02 | 668 | 1.01 | 1000 | 25x3
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Fig. 2. Data points of natural alloys of the Fe-Ni—Cu sys-
lem,

diagram (Fig. 2). Alloys of the Fe-Cr-Ni system con-
tain an admixture of W and Mo. The detected natural
alloys are compositionally similar to those used as var-
ious (stainless and armor) steels in technology. Ferro-
chrome with the stable chemical formula Fe,Cr is
known as a natural intermetallic compound [8]. Native
alloys of the Fe—Cr—Ni system were detected in only
three boreholes near an anomaly zone.

Native alloys of copper and zinc make up the second
group (Fig. 1c). The intermetallic compound Cu,Zn,
the most stable phase in this system, is widespread in
the studied rocks and similar to brass. with a stoichio-
metric composition. It is also known in Alpine-type
ultramafic rocks [3] and kimberlites [9].

Rare grains of natural alloys of the Cu-Sn(Ni,Fe)
system with the composition of technical brass were
encountered in all of the studied samples.

Findings of intermetallic compounds of lead and
antimony in tuffisites are very interesting (Fig. le).
They are observed in both kimberlitic and problematic
tuffisites. Native alloys of the Pb—Sb system are known
in conglobreccias from the Sidorov sector of the
Ichet” yu deposit (Middle Timan) and diamondiferous
rocks in the Visher area (Polyudov Ridge) [10]. These
alloys may serve are indicators of tuffisites.

Two samples contained small grains of native gold.
Native tungsten was detected in the other two samples.
Some native alloys turned out to be unstable in nat-
ural conditions. They are gradually transformed into
oxides, sulfides (e.g., Ag,S), sulfates, and others. For
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example, the surface of Cu-Sn alloys is covered with
fine sulfate crystals, while native metals are contami-
nated with some sulfur.

The abundance of fine-dispersed metallic phases of
different compositions in kimberlitic aureoles and the
development of metallic films on diamond crystals sug-
gest that native metals are genetically associated with
diamond. At the same time, they are also observed as
accessory members of kimberlite pipes at the contact
with host rocks.
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